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ABSTRACT

Two field experiments were carried out at the Experimental Farm of Faculty
of Agriculture, Ain Shams University, Egypt during the two seasons of 1999 and 2000
to investigate the effect of irrigation intervals and different ferilization sources on the
growth, yield and chemical conslituents of roselle plants. Three irrigation intervals, i.e.
irrigation every 1, 2 and 3 weeks were applied in combination with 4 mixtures of
chemical and bio-fertilizers which were as follows:

1. Full dose of NPK-recommended rate : 150 kg/fed. ammonium sulphate (20.5%) +
200 kgffed. calcium superphosphate (15.5%) + 150 kgffed. potassium sulphate
(48%).

2. 50% NPK-recommended rate + 4 kgffed. biogen.

3. 50% NPK-recommended rate + 4 kg/fed. phosphorin.

4. 50% NPK-recommended rate + 4 kg/fed. biogen + 4 kg/fed. phosphorin,

The obtained resulls indicated that, the treatment inigated every 1 week and
fertilized with 50% NPK-recommended rate + biogen + phosphorin produced the
highest values of plant height, number of branches and fruits/plant, fresh weights of
fruits and sepals g/plant, sepals dry weight (g/plant or kg/fed.), seed yield (g/plant or
tonffed.), anthocyanin content as well as N, P and K contents in both seasons. The
lowest pH values (which caused the highest acidity), the highest 7.5.5 and fixed oil
percentages were obtained from the treatment irrigated every 3 weeks and fertilized
with half dose of NPK-recommended rate combined with both biofertilizers in both
seasons. The treatment imigated every 2 weeks and fertilized with 50% NPK-
recommended rate combined with both bioferilizers produced the highest fixed oil
yield g/plant and kg/fed. in both seasons.

INTRODUCTION

Roselle plant (MHibiscus sabdariffa, L.) is a subtropical plant that
belongs to family Malvaceae and is known in Egypt as karkade. Epicalyxes
and calyxes are the main parts used for producing scft hot and cold red drink
which is used as antihypertension and cardiotunic without producing side
effects as well as extracting the natural coloring pigment (anthocyanin) which
is used in food industries and cosmetics (Diab, 1968). Furthermore, fixed oil
of roselle seeds has properties similar to that extracted from cotton seed
(Hussein et al., 1989).

Many investigators pointed out the water regime effects on growth
and yield of different medicinal and aromatic plants. With roselle, Ei-Shafie et
al. (1994) found that, frequency of irrigation every 7 days produced taller
plants with more branches, higher yield and yield components when
compared with irrigation every 14 or 28 days. Refaat and Saleh (1998) on
sweet basil found that, plant growth was reduced by increasing irrigation
intervals from 7 to 28 days. Irrigation schedul also influenced essential oil
yield and components. Ashoub st al (2000) reported that decreasing
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irrigation intervals from 21 days to 7 days, gave significant increases in seed
and straw yield/fed. with sunflower plants.

The significant role of chemical fertilization of medicinal and aromatic
plants production is almost fully recognized. However, in the recent years,
many constrains have been arisen due to their adverse on public health,
environment and national incomes. To comfort this problem, it is necessary to
develop alternative methods of applying nutrients to the growing plants. The
utilization of biofertilizers is considered today by many scientists as a
promising aiternative, particularly for developing countries. Biofertilization is
generally based on altering the rhizosphere flora by seed or soil inoculation
with certain organisms, capable of inducing beneficial effects on a compatible
host. Biofertilizers mainly comprise nitrogen fixers, phosphate dissolvers or
vesicular arbuscular micorrhizas and silicate bacteria. These organisms may
affect their host by one or inore mechanisms such as nitrogen fixation (Ruiz-
Lozano et al., 1995), production of promoting substances or organic acids
{Noel et al, 1996), enhancing nufrient uptake or protection against plant
pathogens (Frankenberger and Arshad, 1995).

Microbial inoculation {biofertilizers) by far, are most reliable tools to
reduce the rate of chemical fertilizers applied for medicinal and aromatic
plants production in all types of soil in Egypt beside improving the
environment.

The obtained results from researches indicated that, application of
biofertilizers (N -fixers, P dissolvers) produced better growth and yield,
increased active constituents, reduced the N requirement and enhanced
water ‘stress tolerance in many medicinal and aromatic plants such as Ammi
visnaja (El-Sawy et al, 1898), Cymbopogon marlenii (Maheshwari el al.,
1998) and Pimpinelfa anisum (Gomaa and Abo-Aly, 2001) compared to the
untreated plants.

This work aim to evaluate the effect of three irrigation intervals and
different fertilization sources on roselle piant growth, yield and yield
components as well as chemical constituents,

MATERIAL AND METHODS

Two field experiments were conducted at the Experimental Farm of
Faculty of Agriculture, Ain Shams University, Egypt during the two successive
seasons of 1999 and 2000. Before planting, physical and chemical properties
of the farm soil were determined according to Chapman and Pratt (1978} and
data were as follows :

Seeds of roselle (Hibiscus subdariffa, L.) plant c.v. Sabahia 17 dark
color (obtained from the Horticulture Research Institute, ARC, Ministry of
Agriculture, Giza, Egypt) were sown on May 1% of both seasons on rows 60
cm apart in hills 35 cm in between. The open field were prepared three weeks
before planting and supplemented during preparation with 20 m*/feddan of 6
months old cattle manure. All agricultural managements practices were
carried out as usually recommended for roselle production in Egypt. The
experiment included 12 treatments comprised of three irrigation intervals, i.e.
irrigation every 1, 2 and 3 weeks in combination with four mixtures of
chemical and bio-fertilizers which were as follows:
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a. Full dose of NPK-recommended rate: 150 kg/fed. ammonium sulphate
(20.5%) + 200 kgffed. calcium superphosphate {15.5% P,0s) + 150
kg/fed. potassium suiphate (48% K,O).

b. 50% NPK-recommended rate + 4 kg/fed. bicgen.

¢. 50% NPK-recommended rate + 4 kg/fed. phosphorin.

d. 50% NPK-recommended rate + 4 kg/fed. biogen + 4 kg/fed. phosphorin.

Table (1):Some physical and chemical analysis of farm soil (average of
two seasons).

Physical properties
Clay Silt Sand Texture
65.10 12.80 22.00 Clay
' Chemical properties
EC. Organic . Available
pH mmhos/ mgtter Total available micronutrients (ppm)
Cm (mg/100 g)
% N P K Fe  Mn 2Zn Cu
7.9 1.1 1.6 110 300 05 753 206 171 142

Calcium superphosphate was added during soil preparation, while
both amounts of ammonium and potassium sulphate were applied in three
equal portions starting after one month from planting at 30 days intervais.
Biofertilizers, i.e. biogen and phosphorin are commercial biofertilizers locally
produced by the General Organization for Agricultural Equilization Found
(GOAEF), Ministry of Agriculture, Egypt. Biogen contains live cells of efficient
bacteria which is capable of No-fixation. While, phosphorin contains those
capable of converting unavailable phosphate to a solubie form. Biofertilizers
were applied at 4 kg/fed. from each incculants as sail application, and were
incorporated into the soil by hoeing just before planting.

At harvest (150 days from sowing), random samples from each
treatment were taken to determine plant height (¢m), number of branches and
fruits/plant, fresh weights of fruits and sepals g/plant, dry weight of sepals
{g/plant or kg/fed.) and seeds yield (g/plant or ton/feddan). Sepals and seed
chemicai analysis were determined as follows :

1- Sepals chemical analysis

Anthocyanin pigment was determined following the method described
by Du and Francis (1973) which is a modified version of Fuleki and Francis
(1968) method, pH values and total soluble solids percentage (1.5.8%) were
determined according to the method described by Diab {1968), N,P and K
contents were determined following the method of Cottenie et a/. (1982).

2. Seed chemical analysis

Determination of fixed oil in air dried roselle seeds were determined
according to A.O.A.C. (1990} procedures. Data were recorded as g oil/100 g
dry seeds, then estimated as g/plant and kg/feddan.
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Treatments were arranged in complete randomized block design with
three replicates. Each replicate was comprised of 12 plots, each having 3
rows of 3 m length with a total area of 5.4 m?/plot. Data were subjected to
statistical analysis procedures according to Snedecor and Cochran (1972}
Means were compared by Duncan's test al 5% of probability in the two
seasons of experimentation.

RESULTS AND DISCUSSION

3.1. Vegetative growth
3.1.1. Effect of irrigation intervals

Data presented in Tables (2 & 3) clearly indicated that, plant height
and number of branches/plant of roselle plants received the same fertilization
sources, were significantly increased with decreasing irrigation intervals from
3 to 2 or from 2tc 1 week in both seasons. The drought conditions and the
lack of water may negatively reflect on plant growth and development through
decreasing photosynthesis rate (Abdel-Nasser and E[-Gamal, 1986). Water
deficiency has a profound effect on plant metabolism including cell wall and
cell expansion. Differentiation of vegetative or productive tissue is directly
affected by water deficits (Ashoub et af., 2000). Similar resulis were reported
by Naguib and Hussein (1995) on roselle, Refaat and Saleh (1998) on sweet
basil, and Kandeel (2001} on Rosmarinus officinalis.

3.1.2. Effect of different fertilization sources

Data presented in Tables (2 & 3) clearly demonstrated that,
application of both biofertilizers used or either of them plus half dose of NPK-
recommended rate, positively affected growth characters of roselle plants
when compared with those fertilized with full dose of NPK-recommended rate
solitary and received the same frequency of irrigation in both seasens. The
highest values in plant height and number of branches, were obtained from
adding both biofertilizers, plus half dose of NPK-recommended rate. While,
the lowest values were recorded with adding full dose NPK-recommended
rate solitary in both seasaons. No significant differences were observed in
number of branches between adding both biofertilizers or either of them in
both seasons. These results are in accordance with those of Gupta et al.
{1999) on marigoid, and Ibrahim (2000) on fennel plants.

The beneficial effects of biofertilizers on vegetative growth, may be
attributed to the increment in bacterial population and its activity into the
apsorption zone of plant roots. These bacteria increase the availability and
uptake of NP and K which positively reflect on plant cell division and
elongation as well as stimulate photosynthesis and metaboiic processes of
organic compounds in plants (Gomez and Munoz, 1998). Moreover, Neol et
al. (1996) and Wang {1998} indicated that, non-symbiotic No-fixing bacteria
(present in biogen) can piay an important rote in improving soil fertility and
plant growth dévelopment via Nj-fixation and releasing certain nutrient
elements, i.e., Fe, Zn and Mn. In addition, these bacteria produced adequate
amounts of gibberelling, auxins and cytokinins-like substances, which could
increase the surface area per unit root length and enhance root hair
branching with an eventual increase in the uptake of nutrients from soil.
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Carletti ot al (1996), demonstrated that, plants inoculated with N -fixing
bacteria, displayed an increase in total root iength by 15% compared with the
un-ingculated (control).

Phosphate solubilizing bacteria present in phosphorin posses the
ability to bring out insoluble phosphorus in cultivated soils into soluble forms
by secrefing organic acids, such as formic, fumaric, acetic and succinic.
These acids lower the soil pH and bring out the dissolution of bound forms of
phosphate compounds and render them available for growing plants. Beside
that, the reduction of soil pH increases the availability of some micronutrients,
such as Fe, Zn, Mn and Cu which would reflect on plant growth (Abd El-
Fattah, 1998). Conversion the insolubie phosphate compounds into soluble
forms can also be achieved through the inorganic acids (nitric and suiphoric)
which result from oxidation of ammonia and sulphur by autotrophic bacteria,
i.e. Azotobacler and Azospiriflum or mineralyzation the organic phosphate
compounds (Alexander, 1982). This may explain the obtained results which
indicated that, application of N and P bicfertilizers, was generally more useful
than either alone (Mandhare et a/., 1998).

3.1.3. EHect of Irrigation intervals and different fertilization sources

It is evident from datain Tables (Z & 3) that, plants irrigated every 1
week and fertilized with half dose of NPK-recommended rate plus both
biofertilizers used, gave the highest values in plant height and number =°
branches. While the lowest values were obtained from the treatment irrigate..
every 3 weeks and fed on 100% NPK-recommended rate solitary comparing
with any other treatment in both seasons. Data aiso revealed that, both
criteria of plants fertilized with 100% NPK-recommended rate only, were
more negatively affected by prolonging irrigation intervals than those fertilized
with 50% NPK-recommended rate plus both bicfertilizers or either of them in
both seasons. Similar results were reporied by Barrett and Ash (1992) on
eucalyptus, and Wendler and Millard {1996) on Befula pendufa. The less
negative effect of prelonging irrigation intervais on the growth of plants
fertilized with mineral fertilizers in the presence of both biofertilizers or either
of them, versus those fertilized with mineral fertilizers only, may be due to the
biofertilizers capability of enhancing water stress tolerance in many plants, as
well as increasing soil water holding capacity and avaitability (Maheshwari ot
al,, 1998), as well as soil aggregation. This in turn enhances bacterial
population and its microbial and biclogical activities into the absorption zone
of plant and increases the availability and uptake of macro and micro
nutrients which positively reflected on ptant growth (Mandhare ot af., 1998)

3.2. Yield and its components
3.2.1. Efect of Irrigation intervais

it is evident from data in Tables (2,3,4 & 5) and Figs. (1 & 2) that,
decreasing irrigation intervals from 3 weeks to 2 or from 2 to one week,
increased all valves of yield and its components namely, number of
fruits/plant, fresh weights of fruits and sepals/piant, yield of dry sepals (g/plant
ar kgffed.) as well as seed yield (g/plant or ton/fed.) of roselle plants received
the same fertilization sources. Whereas, the varied differences observed with
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decreasing irrigation intervals were enough to reach the level of significancy
in both seasons, except for yleld of dry sepals (g/plant) in both seasons and
seed yield (g/plant) in the 1" one. Obtained results agreed with those
reported by Naguib and Hussein (1995) on roselle and Ashoub et al. {2000)
on sunflower.

The observed decreases in yield and its components of roselle plants
with prolonging irrigation intervals, may be due to salt accumulation close to
the soil surface. This process might inhibit water and nutrient uptake, which
affect plant growth and yield (Hason, 1995).

3.2.2, Effect of different fertilization sources

Data presented in Tables (2,3,4 & 5) and Figs. (1 & 2) clearly indicate
that, all yield and its components characteriziics of roselle plants received the
same frequency of irrigation, were positively affected by applying nalf dose of
NPK-recommended rate plus both biofertilizers or either of them, when
compared with applying full dose of NPK-recommended rate solitary in both
seasons. Moreover, mixture of both biofertilizers was more efficient in
increasing rossele yield and its components than single application in both
seasons. No significant differences were observed m number of fruits/plant in
both seasons, yield of dry sepals (g/plant) in the 1* season, as well as seed
yield (g/plant) in the 2" one, when applying biogen or phosphonn were
compared. Similar results were reported by Soliman (1997) on Nigel/a sativa
and Gomaa and Abo-Aly (2001) on anise plants. Gomez and Munoz (1998),
reported that, mixture of N and P biofertilizers was more efficient in increasing
onion yield than single application.

The enhancing effect of biofertilizers on roselle yield and its
components could be attributed to various mechanisms, such as: increasing
availability of macro and micronutrients, augmentation of critical enzyme
activities, or production of plant growth promoting substances (Maheshwari et
al, 1998). Therefore, biofertilizers can affect bedding plant growth by
medifying the physicochemical and microbiclogical characteristics of plant
growth medium beneficiaily, which reflected on vegetative growth, yield and
yield components of roselle plant.

3.2.3. Effect of irrigation intervals and different fertilization sources

Data presented in Tables (2,3,4, & 5) and Figs. (1 & 2) show that, the
treatment imrigated every 1 week and fertilized with half dose of NPK-
recommended rate plus both biofertilizers (biogen and phosphorin) produced
the maximum values in all characters of yield and its components. While, the
minimum values were obtained from the treatment irrigated every 3 weeks
and fertilized with full dose of NPK-recommended rate solitary when
comparing with any other treatment in both seasons. The percentage
increases in yield of dry sepals {kg/fed.) and seed yield (ton/fed.) of roselle
plants irfigated every 1 week and fertilized with half dose of NPK-
recommended rate plus both biofertilizers used over those irrigated every 3
weeks and fertilized with full dose of NPK-recommended rate solitary,
amounted to 62.93 & 82.27% in the 1* season and 36.66 & 78.86% in the 2™
one, respectwely
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First season

Yiald of dry sepals
(kglfehc,tdan)

200 -
150 T —r— —T
1 15 2 25 3
Irrigation intervals (weeks)
100% RR (NPK) — — — 50% RR + phosphorin
------ 50% RR + biogen — - - — 50% RR + phosphonn + bogen

Second season

350

[ ]
o
o

Yield of dry sepals
(kg/feddan)
[ ]
3

200 - -
150 J. — T T -
1 15 2 ¢ 258 3
Irrigation intervals (weeks)
lﬁ 100% RR (NPX) —— phesphann
------ 50% RR + biogen — - - — 50% RR + phasphorin + biogan

Fig. (1): Effect of different irrigation intervals and fertilizatiom sources
on the yield of dry sepals (kgifed.) of roselle plant during
the two seasons of 1999 and 2000. ’
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, . -First season
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Dry seed yield (Ton/teddan}
[-]
w

0.8 -

0.7 1

0.8 r T T

1 15 2 25 3
lrrigation intrevais (weeks)
— 100% RAt (NPK) — — — 50% RR + phosphorin
------ 50% RR + biogan = - * = 50% RR + phosphorin + biogen
Second season

Dry eeed yleld (Tonffeddan)
R
/

09 T
0.8
4.71 -
08 ; s 2 28 3
irrigation intervals (weeks)
‘ 100% RR (NPIG, — = — 50% RR + phosphonn
...... $0% AR + biogen == « - = 50% RR + phosphorin + hogen

Fig. (2): Effect of different irrigation intervals and fertilization sources
on dry seed yield (tonfed.) of roselle plant during the two
seasons of 1999 and 2000.
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3.3. Chemical constituents
3.3.1. Effect of irrigation intervals

In response to different irrigation intervais, chemical constituents of
roselle plants received the same fertilization sources showed three types of
response. Data in Tables (6 & 7) clearly demonstrated that, the studied
chemical constituents namely total anthocyanin (mg/g dry sepals) pH value,
as well as NP and K contents were considerably varied in response to
different irrigation intervals. All previous criteria were gradually increased with
decreasing irrigation intervals in both seascns. The varied differences
observed with prolonging irrigation intervals, were enough to reach the level
of significancy, specially N, P and K contents in both seasons, as well as
anthocyanin content in the 2™ one. The decrease in pH values obtained from
plants irfigated every 3 weeks may be due to the effect of low soil moisture in
increasing organic acids in the cell sap, as they are the products of
respiratory catabolic processes (Mahfouz, 1997). On the other hand soil
water deficiency negatively affected N, P and K availability and uptake which
in turn reduced N, P, K and anthocyanin contents in plants. The second type
of response was restricted to total soluble solids (T.S.S) and fixed oil
percentages (Tables 4,56 & 7) which showed an opposite trend as affected
by different irrigation intervals. Both criteria were gradually increased with
increasing irrigation intervals in both seasons and reached to the significant
levels only in the 2™ season. The increases in T.5.5% associated with
prolenging irrigation intervals, may be due to the decrease in plant cell water
content which caused a remarkable increase in cell sap concentration. It is
well known that, plants grown under environmental stress as water
deficiency, tended to produce more secondary products (fixed cil%). The third
type of response was restricted to fixed oil yield (g/plant or kg/fed.) which
showed different response as affected by different irrigation intervals (Tables
4 & 5) and Fig. (3). The highest values in both criteria were abtained from
plants irrigated every 2 weeks and followed by those irrigated every 1 and 3
weeks, respectively in both seasons. The varied differences observed with
increasing or decreasing irrigation intervals were enough to reach the level of
significancy in fixed oil yield (kg/fed.} in both seasons.

Obtained results are in harmony with those reported by Naguib and
Hussein {1985) and Mahfcuz (1997) on roselle plant.
3.2.2. Effect of different fertilization sources

Data presented in Tables (4,56 & 7) and Fig. (3) clearly demonstrate
that, at the same frequency of irrigation, application of 50% NPK-
recommended rate plus both biofertilizers, used or either of them, proved to
be significantly very effective in enhancing chemicai constituents namely,
total anthocyanin content, T.S.5%, N, P and K contents, fixed oil percentage,
as well as fixed oil yield (g/plant or kg/fed.) when compared with applying
100% NPK-recommended rate only in both seasons. Data also show that,
application of both biofertilizers proved to be superior in improving such

chemical traits than applying either of them alone in hoth seasons. On the .

other hand, phosphorin was more insignificantly effective in increasing all
previous criteria than biogen except for anthocyanin and nitrogen contents
which the opposite were true in both seasons.
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Fig. {(3): Effect of different irrigation intervals and fertilization sources

fixed oll yield (kg/fed.) of roselle plant during the two
seasons of 1999 and 2000.
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Regarding the effect of different fertilization sources on pH value,
data in Tables (6 & 7) showed that, pH values were significantly higher with
adding 100% NPK-recommended rate solitary than in combination with both
biofertilizers used or either of them in both seasons. In most cases, no
significant differences were observed between adding both biofertilizers or
either of them on reducing pH values in both seasons. The more beneficial
effects of mineral fertilizers in the presence of biofertilizers than mineral
fertilizers alone on the chemical constituents of rosell plants through some
mechanisms previously mention, leading to: reducing soil pH value,
increasing macro and micronutrient, production of promoting substances and
organic acids, could explain the present results.

Previous results were in agreement with those obtained by |brahim
{2000) on fennel and El-Zeiny et al. (2001) con tomato.

1.3.3. Effect of irrigation intervals and different fertilization sources

Data in Tables (6 & 7) demonstrated that, the most significant
increases in anthccyanin, NP and K contents were cbtained from the
treatment irrigated every 1 week and fertilized with 50% NPK-recommended
rate plus both bicfertilizers used. While the minimum values were obtained
from the treatment irrigated every 3 weeks and fertilized with 100% NPK-
recommended rate solitary comparing with any cther treatment in both
seasons. As for T.S.8 and fixed oil percentages, datain Tables (4,56 &7)
showed that, the highest values were significantly produced from the
treatment irrigated every 3 weeks and fertilized with 50% NPK-recommended
rate plus both biofertilizers used. While the minimum values were obtained
from the ftreatment irrigated every 1 week and ferilized with 100% NPK-
recommended rate solitary in both seasons. Moreover, the treatment irrigated
every 1 week and fertilized with 100% NPK-recommended rate only,
produced the highest pH values. While the minimum values were obtained
from the treatment irrigated every 2 weeks and fertilized with both
biofertilizers used plus 50% NPK-recommended rate when compared with
any other treatment in both seasons (Tables 8 &7).

At last, different trend was observed with respect to fixed oil yield
{g/plant or kg/ed.). Data in Tables (4 & 5) and Fig. (3), showed that, the
maximum values were obtained from the treatment irrigated every 2 weeks
and fertilized with half dose of NPK-recommended rate plus both
biofertilizers. While the treatment irrigated every 2 weeks and fertilized with
full dose of NPK-recommended rate solitary produced the minimum values
comparing with any other treatment in both seasons.

The percentage increases in fixed oil vield (kg/fed.) of roselle plants
irrigated every 2 weeks and fertilized with 50% NPK-recommended rate plus
both biofertilizers (the best treatment) over the plants irrigated every 3 weeks
and fertilized with 100% NPK-recommended rate solitary amounted to 115.58
& 88.95% in the 1™ and 2™ seasons. respectively. ‘Similar results were
reported by Barrett and Ash (1992) on eucalyptus, and Wendler and Millard
{1996) on Batula pendula.
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Previous results indicated that, longer irrigation intervais had less
negative effect on chemical constituents on roselle, when plants were
fertlized with the combinations of mineral NPK fertilizers and both
biofertilizers or either of them than when they were fertilized with mineral NPK
only.
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