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Abstract

Germination and early seedling growth of Zea mays in aqueous extract of Hibiscus sabdariffa calyces treated
medium was conducted in the laboratory. The concentration levels of 20, 40, 60, 80, and 100% were prepared
through serial dilutions, while 0% (distilled water) was used as control. Elemental composition of calyces of H.
sabdariffa was determined using standard procedures. 10 seeds of the test crop were sown in sterilized Petri
dishes containing two sterile What-Man’s filter paper per treatment. Percentage germination and coefficient of
velocity of germination counts were recorded at 24, 48, 72, and 96 hours after sowing all the seeds. Growth
parameters such as shoot length, root length, fresh weight and dry weight of the seedlings were measured after
20 days. Elemental analysis of aqueous extract of H. sabdariffa calyces indicated the presence calcium,
magnesium, sodium, potassium, phosphorus, nitrogen, iron, manganese, copper, zinc and lead in varied
concentrations. The values of coefficient of velocity of germination and percentage germination of Zea mays
were significantly (P < 0.05) decreased with increase in the concentration of H. sabdariffa extract, except at
20% concentration level of H. sabdariffa extract where slight stimulations were recorded in comparison with
the control treatment. Similarly, the shoot length, root length, fresh weight and dry weight of maize seedlings
were significantly (P < 0.05) decreased with increase in the concentration of H. sabdariffa extract, except at
20% concentration level of H. sabdariffa extract where the shoot length was slightly stimulated above that of
the control treatment. This study suggests that aqueous extract of Hibiscus sabdariffa calyces could negatively

affect the germination and early seedling growth of Z. mays.
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1. Introduction

Hibiscus sabdariffa belongs to the family Malvaceae, and in Nigeria, its cultivation is highly concentrated in
the north eastern and middle belt regions of the country [1, 2]. It is an erect, slightly branched herb with smooth
or hispid stem and glabrous, long-stalked and palmate leaves. The plant has tap root system which penetrate
deep into soil, and its pedicellate flowers are usually large and coloured red to yellow [3]. It is an annual plant
that thrives well in the tropics and usually grown in April or late August through seed propagation or other

plant parts [4,5].

The uses of H. sabdariffa include, the preparation of a non-alcoholic beverage known as “Zobo” from the
calyces. It serves as tea and coffee substitute especially for people who are sensitive to stimulants [6]. It is also
used for production of Jams, Jellies, sweet and sauces as well as colouring material for food and beverages [4].
The residue, which is obtained after removal of the oil is utilized as food either in soup or mixed with beans and
other ingredients into cakes [2]. The seeds can be used as poultry and sheep feeds, while, the residue from the
seed oil extraction can also be used as feeds for cattle and chicks [7]. The plant has relatively high contents of
mineral elements such as K, Na, P, Mg, Ca, and Fe, as well as rich source of protein, fat, carbohydrate and
vitamins [8, 9]. Ethnomedicinal benefits of this plant include the use of its flowers as an antiseptic, aphrodisie,
astringent, cholagogue, demulcent, digestive, diuretic, emollient, laxative, cooler, sedative, and tonic [6, 10, 11].
The diuretic, choleretic and antihypertensive properties of the plant results from its contents of gossypectin,
anthoxyanin glycoside, hibiscin and citric acid, which is found in the calyces [12]. H. sabdariffa is highly rich in
vitamins, natural carbohydrate, protein, tannins, gums and other antioxidants including minerals. It is used as a

remedy for abscesses, bilious conditions, cough, sores, wounds, dysuria and scurvy [1].

Various forms of chemical compounds have been reported to be constituents of plants parts (flowers, foliage,
barks, roots and specialized structures) such as inorganic and organic compounds [13, 14, 15, 16]. These
chemical compounds have much influence on seed germination, plant growth and development as they may
stimulate or inhibit plant metabolic processes [17]. Organic wastes contain both micro and macro nutrients for
plants growth and development, however, plant response to organic wastes treatment varies among different
species [16]. Most of these organic compounds are secondary metabolites and among others belongs to
terpenoids, phenolic compounds, organic cyanides and long chain fatty acids. Several biochemical reactions
which regulate physiological processes have been affected due to the action of these organic compounds in
target plants. Several studies have been conducted on allelopathic effects of some plants on seed germination
and plant growth [18, 19, 20, 21]. In addition, studies on allelochemicals on physiological processes in plants
have been reported [22]. The release of allelochemicals through leaching, liter decomposition, root exudation, or

direct volatilization could positively or negatively affect germination and growth of other species [23].

There has been prevalent situation of improper disposal of the calyces of Hibiscus sabdariffa after their use in
preparing zobo drink, with no consideration to their effects on surrounding crop plants. Therefore, this study

was conducted to assess the chemical composition of H. sabdariffa calyces extract and its effects on the early
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seedling growth of Zea mays.
2. Materials and Methods
2.1. Analysis of Sample and preparation of extract

Elemental and phytochemical composition of calyces of Hibiscus sabdariffa were determined using standard
procedures [24]. 60 grams of macerated calyces of H. sabdariffa were weighed into the extraction bowls. 2
litres of boiled distilled water was poured into the bowl containing the Hibiscus sample and left overnight. The
extraction was done by filtration and decantation. The plant extract was taken as the stock solution. The
concentration levels of 20, 40, 60, 80, and 100% were prepared through serial dilutions, while 0% (distilled

water) was used as control.
2.2. Germination and Growth Studies

Seeds of Zea mays obtained from local farmers in Yenagoa, Bayelsa State, Nigeria, were surface sterilized with
5% ethanol for 30 seconds and thoroughly washed several times with sterile distilled water. The seeds were air
dried for few minutes. Ten (10) seeds of the crops were sown in sterilized Petri dishes each containing two
sterile What-Man’s filter paper based on the concentration levels examined. Germination and growth conditions
were maintained at 28 + 1°C under light condition for 20 days. Percentage germination and coefficient of
velocity of germination counts were recorded at 24, 48, 72, and 96 hours after sowing all the seeds. Growth
parameters such as shoot length, root length, fresh weight and dry weight of the seedlings were measured after
20 days.

2.3. Statistical Analysis

The mean values were generated from the replicate readings and used to calculate standard errors. This was
subjected to analysis of variance (ANOVA). The differences in the means were tested using Least Significant
Difference (LSD) at 0.05 level of probability [25].

3. Results

The values of 40.62, 54.48, 60.76, 72.40, 8.78, and 0.68 mg/100g were recorded for calcium, magnesium,
sodium, potassium, phosphorus and nitrogen contents in aqueous extract of Hibiscus sabdariffa (Table 1).
Similarly, values for micro nutrients in the extract were 5.78, 4.36, 2.84, 4.68 and 0.012 mg/100g for iron,
manganese, copper, zinc and lead (Table 1). The contents of phytate, flavonoid, tannin, alkaloid and saponin
were 38.87, 32.74, 23.07, 15.39, and 14.62% (Table 2). The coefficient of velocity of germination of Zea mays
was significantly (P < 0.05) increased (0.31) at 20% concentration level of H. sabdariffa extract above that of
the control (0.28) (Table 3). Conversely, the values of coefficient of velocity of germination of Z. mays recorded
at 40, 60, 80 and 100% concentration levels of H. sabdariffa extract decreased with increase in the
concentration of the extract with values significantly lower than that of the control (Table 3). The values of

percentage germination of the crop were significantly (P < 0.05) decreased with increase in the concentration of
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H. sabdariffa extract. These values were significantly lower than that of the control, except at 20% level of
concentration where the percentage germination of the crop was significantly higher than that of the control
(Table 3). The values of 12.40, 13.10, 12.20, 11.36, 10.92 and 8.60cm were recorded for shoot length at 0, 20,
40, 60, 80 and 100% concentration levels of H. sabdariffa extract. The highest value (6.20cm) of root length
of Z. mays was recorded at 0% concentration of H. sabdariffa extract while the lowest value (3.92 cm) was
recorded at 100% concentration level of the extract (Table 4). The fresh weight of Z. mays was significantly (P
< 0.05) decreased with increase in the concentration of the extract. These values were significantly lower than
that of the control (Table 4). Similarly, the values of dry weight of Z. mays recorded at 20, 40, 60, 80 and 100
% concentration levels of H. sabdariffa extract decreased with increase in the concentration of the extract with

values significantly lower than that of the control (Table 4).

Table 1: Elemental composition of Hishiscus sabdariffa calyces extract

Minerals Contents (mg/100g)
Calcium 40.62+0.77
Magnesium 54.48+0.60
Sodium 60.76+0.42
Potassium 72.40+0.19
Iron 5.78+0.20
Manganese 4.36+0.33
Copper 2.84+0.43
Zinc 4.68+0.85
Phosphorus 8.98+0.22

Lead 0.01240.01
Nitrogen 0.68+0.07

Mean + Standard Error from 3 replicates

Table 2: Phytochemical composition of Hisbiscus sabdariffa calyces extract

Phytochemical Contents (%)
Alkaloid 15.39+0.22
Tannin 23.07+0.31
Saponin 14.62+0.27
Phytate 38.87+0.12
flavonoid 32.74+0.40

Mean + Standard Error from 3 replicates
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Table 3: Germination Parameters of Zea mays as affected by Hisbiscus sabdariffa extract treated medium

Concentration 0 20 40 60 80 100
Coefficient of velocity 0.28+0.04 0.31+0.03 0.23+£0.07 0.22+0.01 0.20+0.02 0.20+0.24

of Germination
Germination

percentage (%) 80.40+0.53 82.48+0.40 79.25+0.64 77.50+0.49 75.82+0.32 72.82+0.44

Mean + Standard Error from 3 replicates

Table 4: Growth Parameters of Zea mays as affected by Hisbiscus sabdariffa extract treated medium

Concentration 0 20 40 60 80 100
Shoot length (cm) 12.40+0.56 13.10+0.39 12.20+0.33 11.36+0.64 10.92+0.32 8.60+0.13

Root length (cm) 6.20£0.72 5.92+0.17 5.26£0.76  4.97+x0.43  4.24+0.33 3.92+0.37
Fresh weight (g) 2.26+0.45 2.08+0.19 2.02£¢0.23 1.65+0.21 1.48+0.83 1.36+0.53
Dry weight (9) 0.34+0.01 0.32+0.06 0.30+0.04 0.28+0.02 0.26+x0.42 0.21+0.48

Mean + Standard Error from 3 replicates

4, Discussion

There were variations in seed germination and growth parameters of Zea mays among the various levels of
concentration. The coefficient of velocity of germination and percentage germination were slightly stimulated at
the lowest level of concentration of Hibiscus sabdariffa extract while germination parameters were inhibited at
other levels of concentration of the extract. Seeds germination of Cleome gynandra has been reported to be
stimulated by shoot extract of Tithonia diversifolia [26], while fresh aqueous extracts of T. diversifolia did not
significantly inhibit the germination of maize [27]. However, the aqueous extract of Vernonia amygdalina and
T. diversifolia was reported to inhibit percentage germination of maize [28]. Similarly, the different
concentrations of water soluble leaf extracts of Ricinus communis and Lantana camara were shown to inhibit
the germination and growth of maize [23]. Allelopatic substances are found in plant extracts, plant residues in
soil, live plant exudates and as volatile gases liberated from plant organs such as leaves, rhizomes, flowers,

fruits, and seeds [29, 30]. These substances have been reported to have direct effects on seed germination and
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seedling growth [31, 32].The crop growth parameters; shoot length, root length, fresh weight and dry weight,
decreased with increase in the concentration of the extract, although the shoot length was slightly stimulated at
the lowest concentration of the extract relative to the control. Plant extracst have been shown to exhibit either
positive or negative effects on other plants by exuding chemicals [33]. Therefore, the reduction in fresh weight
of the crop may be attributed to imbalances in water uptake or osmotic balances of the tissues resulting from
toxicity by allelochemicals [34]. In addition, phytochemical toxicity has been shown to cause root growth
inhibition [17], suppression of seedling growth, and elongation of plumule [35]. The higher influence of
allelochemicals on root growth than shoot growth has been supported by the fact that root is the first organ to
absorb allelochemicals from the environment [36]. This inhibition effect on the root system may be due to
greater permeability of allelochemicals to root tissue than that of the shoot tissue [37].  In general, extracts
from various plants have been reported to exhibit various forms of influence on other plants, for instance,
aqueous extracts of eucalyptus plant has been shown to inhibit seed germination, leaf and root length, dry and

fresh weight of root and shoots of wheat cultivars [38].

Left over residues of sugar cane (ratooning) [39], rice [40] and many other crops have been reported to cause
growth inhibition on the succeeding crops.The plant extracts of banana has been shown to inhibit the
germination and early seedling growth of lettuce, red amaranth, radish, cucumber, ribbed guord, bean, and okra
[41]. Similarly, Hibiscus sabdariffa aqueous methanol extracts have been reported to inhibit both shoot and root
growth of cress, lettuce, alfalfa, timothy plant, Italian rye grass, crab grass, buck wheat, jungle rice, barnyard
grass and sand fescue [42]. H. sabdariffa contains growth inhibitory substances and possess allelopatic activity
[42]. Allelopatic effects of secondary metabolites occur in the early life cycle of plants, thereby resulting in
inhibition of seed germination and seedling growth [38]. These compounds also exhibit various forms of

mechanisms of actions with multiple phytotoxic effects [43].

5. Conclusion

This study shows that calyces of Hibiscus sabdariffa aqueous extract contains allelopatic substances that have
direct effects on seed germination and early seedling growth of Zea mays. Phytochemicals such as alkaloid,
phytate, tannin, flavoniod and saponin were present in calyces of H. sabdariffa in varied proportion. Although,
growth stimulation and inhibition can be observed in some cases, this may be influenced by the concentration

of the extract used.

6. Recommendation

Zea mays should not be grown where there is disposal of high concentration of H. sabdariffa calyce extract.
There is need for proper disposal of calyces of H. sabdariffa during harvest in order to prevent inhibitory

effects on surrounding crop plants.
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