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Abstract

Datura stramonium (L.) contains allelochemicals capable of affecting agro-morphological traits in
plants. Thus, field experiment was carried out at Upper Niger River Basin Development Authority, Minna,
Nigeria to examine the effects of different concentrations [25%, 50% and 100% and 0% (control)] of D.
stramonium aqueous seed extracts on agro-morphological attributes of two soybean varieties (‘TG x 2018-5E’
and ‘TG x 2022-4E’), obtained from International Institute of Tropical Agriculture, Ibadan. Dry seeds of the
soybean were pre-soaked in the Darura seed extracts for two hours before planting in a complete randomized
block design (CRBD) with three replicates each. Data obtained were subjected to analysis of variance
(ANOVA). At maturity, D. stramonium seed extracts significantly (P < 0.05) increased plant height (38.37
cm) and length of petiole (2.93 cm) for ‘TG x 2018-5E’ at 100% concentration. Significantly highest plant
height (29.20 cm) and number of branches (17.00) were enhanced in ‘TG x 2022-4E’ at 50% concentration.
Both ‘TG x 2018-5E’ and “TG x 2022-4E’ leaf areas were significantly highest (23.11 cm?* and 28.41 cm?,
respectively) at 100% concentration. Yield attributes such as number of seeds per plant, weight of fresh and dry
pods per plant for both “TG x 2018-5E’ (3.33, 1.60 and 1.32, respectively) and “TG x 2022-4E’ (3.00, 0.60 and
0.26, respectively) were significantly stimulated in 50% concentration while number of pods per plant was
significantly highest for ‘TG x 2018-5E’ and ‘TG x 2022- 4E’ (3.33 and 3.00, respectively) in 100%
concentration. On these premises higher concentrations (50% and 100%) of D. stramonium seed extracts
support better morphological growth and yield characters in soybean varieties.

Keywords: agro-morphological; allelochemicals; seed extracts; soybean; stimulatory effects

Introduction

Datura stramonium (Jimson weed) is an annual poisonous, alkaloid containing plant from the
nightshade family (Solanaceae). It is also called Angel’s trumpet, Thorn apple, Stinkweed, Devil’s trumpet,
Jamestown weed, Locoweed and Hell’s bells (Mahnaz er al, 2012). D. stramonium originates in the America’s
but is now found around the world including the warmer regions of North, Central and South America,
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Europe, Asia, and Africa (Tamiru ez a/, 2016). The large shrubs can grow to 1.2m high, the leaves are 20cm
long, ovate and dark green in colour. The flowers are large, showy, white and terminal; the corolla is funnel
shaped and folded with a short-5- sectioned border, there are 5 stamens and superior ovary. It is classified under
division Magnoliophyta, order Solanales, and genus Datura (Ganesh er al, 2015). The plant is rich in tropane
alkaloids such as scopolamine (hyocine), hyoscyamine (duboisine) and atropine (daturin) present in their seeds
and flowers. Scopolamine has been reported in higher concentration than hyoscyamine in all varieties of Darura
(Hiraoka, 1996). The seeds show the highest alkaloid content (Alkaloids are naturally occurring compounds
containing one or more nitrogen atoms). These alkylating agents act as chemical mutagens to plants, thereby
hindering, altering or stimulating its growth. D. stramonium contains allelochemicals which inhibits growth
of associated plant species through allelopathic mechanisms and very rich in alkaloids (Maibam er a/, 2011).
Some plants are known to have inhibitory effects on seeds germination and seedling growth of other
neighbouring plants by cither releasing allelopathic substances as exudates from living plant tissues or through
decomposition of plant residues (Alexander er al, 2008; Maibam et a/, 2008; Oseni et al, 2011; Butnariu,
2012). Some of these chemicals produced by allelopathic plants could act as chemical mutagens on some plants;
the release of these allelochemicals by this plant affects the survival of other plants. Darura as an allelopathic
plants could release allelochemicals which have negative effects on leaf chlorophyll of neighbouring plant
species (Oyerinde er al, 2009). Such allelochemicals that are released to the environment by poisonous plant
species have significant effects on neighbouring plants by reducing the rate of photosynthesis and respiration
processes (Gniazdowska and Bgatek, 2005).

The soybean or soya bean [G/ycincmax(L) Merr.] isa Ieguminous Vegetable of the pea family (Fabaceae)
that grows in tropical, subtropical, and temperate climates. The plant is classed as an oilseed rather than a pulse
by the UN food and Agricultural Organization (FAO, 1994). Soybean is an important crop produced mainly
in the guinea savannah zone of Nigeria. However, it was reported that the crop is grown in rather small holder
farms in most African countries including Nigeria (Olorunsanya er a/, 2009); the crop has been successfully
grown in many states in Nigeria using low agricultural import (Adekunle er a/, 2005). It can be used as food
for both man and animal as well as industrial purposes.

Some plant extracts are known to cause alteration (i.e. mutation) in cells of other plants thereby causing
variations in their normal growth and yield attributes. An example of plant extracts used as a mutagen is
Colchicine which is a toxic and secondary metabolite obtained from bulbs and seeds of Autumn crocus
(Colchicum aurumnale), it prevents microtubule formation and doubles the number of chromosomes thereby
inducing polyploidy in plants. Thus, it is based on this premise that effects of D. scramonium aqueous seed
extracts are examined on selected soybeans varieties in Minna, Nigeria as an alternative source of biological
mutagen.

Materials and Methods

Collection of experimental materials

Two varicties of soybeans (‘'TG x 2018-5E” and ‘TG x 2022-4E’) were obtained from International
Institute of Tropical Agriculture (II'TA), Ibadan, Oyo state. The seeds of D. scramonium were collected along
the bush of challawa industrial estate, Kano State, Nigeria.

Preparation of test material (Datura seed extract) and treatment of soybean seeds

A modified method of Stef er al (2018) was used for the extraction of the phytochemicals in the Jimson
weed seeds. The seeds of D. scramonium collected were air dried and then powdered; 50 grams of the powdered
sample was weighed mixed with 500 ml of distilled water in a conical flask with the mouth sealed. These were
put into a magnetic stirrer for 24 hours, after which filtration was performed. All the extracts were filtered using
Muslin cloth and stored in a glass container at 4 °C for use later. From this stock solution, with concentration
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of 0.1 g/ml (100%), two additional extract concentrations were made (25% and 50%). A dilution formula
(C1V1 = C2V2) was used to obtain the other concentrations; where C1 and V1 are the concentration and
volume of the stock solution respectively and C2 and V2 are the respective concentration and volume of new
attributed solution. Twenty seeds of soybean of each hybrid variety were treated with different concentration
of seeds extract prepared from D. seramonium for 2 hours.

Experimental site and experimental design

The experiment was conducted at the field of Upper Niger River Basin Development Authority
(UNRBDA), Tudun Fulani, Minna, Niger State. The experimental field was ploughed, harrowed and ridged;
each plot row consists of 2 m long with inter row spacing of 0.75 m. Three seeds of each treatments (control,
25, 50 and 100%) were sown per hole in a randomized complete block design (RCBD) with three replicates
cach. The seedlings were later thinned to one seedling per hole at three to four weeks after planting,

Measurement of morphological and yield parameters

The quantitative parameters collected from the experimental field include; plant height, number of
branches per plant, length of petiole, leaf area, number of pods per plant, number of seeds per pod, length of
pods, weight of fresh pods after harvest and weight of dry pods in each treated soybean plants for each variety
following the method of Filemon er a/ (2013) and Daudu ez a/. (2020). This was done using a metre rule and
digital measuring scale.

Data analysis

The obtained data were pooled for analysis of variance (ANOVA), to test for significant different among
the treatments. Post hoc was done using Duncan’s multiple range test (DMRT) to separate the means where
there were differences. Pearson’s linear correlation was used to determine relationship among some of the
parameters. All values were considered significant at P < 0.05.

Results

The results of the effects of aqueous seed extracts of Jimson weed on two varieties of soybean showed
that the extracts affected the morphological traits of the crop in varying ways. Different concentrations of the
extracts affected the soybean varieties in different ways. The 100% concentration produced significantly (P <
0.05) highest plant height in ‘TG x 2018-5E’ (38.37 ¢m) at maturity; however, in ‘TG x 2022-4E’, the 50%
concentration produced significantly (P < 0.05) highest plant height (29.20 cm) at maturity (Table 1).
Similarly, the 100% concentration produced the highest (2.93 c¢m) petiole length at maturity in “TG x 2018-
SE’; this value was significantly the same (P > 0.05) with 25% concentration (2.63 ¢cm) and 50% concentration
(2.77 cm) but significantly different (P < 0.05) from the control (2.50 cm). However, the highest petiole length
(2.37 cm) was due to the control at maturity in “TG x 2022-4E’; this value was significantly different from 25%
concentration (1.57 cm), but not significant (P > 0.05) to 50% (2.23 cm) and 100% concentration (2.30 cm)
(Table 1). For the leaf areas at maturity, 100% concentration of the extract produced significantly highest leaf
area (23.11 cm?) in “TG x 2018-5E’ and (28.41 cm?) in ‘TG x 2022-4E’. For the number of branches per plant
at maturity, 50% concentration produced the mean highest number of branches (16.33) in “TG x 2018-5E’,
although this value was not significantly different (P > 0.05) from the other concentrations. Similarly, 50%
concentration produced the mean highest number of branches (17.00) in “TG x 2022-4E’; this value was
significantly different from the control (12.67) and all the other values (Table 1).



Daudu YOA et al. (2020). Not Sci Biol 13(1):10876

Table 1. Effects of Daturaaqueous seed extracts on morphological traits of soybean varieties at maturity
Plant height Length of petiole Leaf area Number of branches/
Treatment
(cm) (cm) (cm?) plants
‘TGx2018-5FE
Control (0%) 28.97+1.25a 2.50+0.10a 19.89+2.64a 13.00+1.73a
25% 35.93+1.67b 2.63£0.09b 18.65+4.75a 13.00+1.15a
50% 27.70£3.06a 2.7740.18b 18.17+2.75a 16.3342.03a
100% 38.37+5.58b 2.9340.09b 23.1143.06b 15.33+1.76a
Total 32.74 2.71 19.96 14.42
‘TG x2022-4F
Control (0%) 26.57+1.39¢ 2.37+0.22b 17.19+1.73a 12.67+1.76a
25% 24.27+0.69b 1.57£0.13a 15.50+1.49a 14.33+0.88ab
50% 29.20+1.19d 2.2340.19b 24.97+1.66b 17.00+1.15b
100% 20.8740.82a 2.30+0.15b 28.41+2.94b 13.33+0.88a
Total 25.23 2.12 21.52 14.33

Values are mean + Standard Error, values followed by the same alphabet(s) along the column are not significantly
different at p > 0.05.

The aqueous leaf extracts of Jimson weed also affected the yield attributes of the soybean varieties in
different ways. In “TG x 2018-5E’, the highest mean number of pods per plant was produced by 100%
concentration (19.33), although the value was significantly the same (P > 0.05) with all other values. Similarly,
in ‘TG x 2022-4E’, 100% concentration produced the highest number of pods per plant (20.33); this value was
significantly the same with the 50% concentration (18.00) but significantly different (P < 0.05) from the
control (10.67) and 25% concentration (Table 2). Number of seeds per pod in “TG x 2018-5E’ was highest in
50% concentration (3.33), however, there was no significant difference from all the other treatments. Similar
trend was observed in “TG x 2022-4E’, where 50% concentration produced the highest number of seeds per
pod (3.00) but it was not significantly different from all the other values. Highest length of pods (4.80 cm) was
produced by 100% concentration, this value was significantly higher than all the other values. However, the
highest length of pod in “TG x 2022-4E’ was produced by the control (3.73 ¢m), although the value was
significantly the same with all the other treatments (Table 2). Significantly highest weight of pod (1.60 g) was
produced by 50% concentration in “TG x 2018-5E’; similarly, in “TG x 2022-4E’, 50% concentration produced
the highest weight of pod (0.65 g), this value was significantly different from all the other treatments. Similar
trend was observed for the weight of dry pod in “TG x 2018-5E’ and ‘TG x 2022-4E’; the highest dry weight in
‘TG x2018-5E’ (1.32 g) was produced by 50% concentration; this value was significantly different from all the
other values. Highest dry weight in “TG x 2022-4E’ (0.26 g) was produced by 50% concentration; however,
there is no significant difference (P > 0.05) between this value and the other values (Table 2).

Pearson’s linear correlation for ‘TG x 2018-5E’ revealed that number of branches at maturity was
positively significant (P < 0.05) and moderately correlated with number of pods per plant (0.527) and number
of seeds per pod (0.610). Similarly, weight of dry pod was positively significant and moderately correlated with
number of seeds per pod (0.593); meanwhile, weight of dry pod was positively significant and highly correlated
with weight of fresh pod (r = 0.748, P < 0.01). This implies that these characters are linearly associated with
one another (Table 3).
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Table 2. Effects of Daturaaqueous seed extracts on yield attributes of soybean varieties

Number of pods Number of Length of pods | Weight of fresh | Weight of dry
Treatments
per plant seeds per pod (cm) pod (g) pod (g)
‘TGx2018-5F
Control (0%) 18.67+4.81a 2.6740.33a 4.37+0.33ab 0.65+0.79a 0.27£0.02a
25% 13.67+3.93a 2.3340.33a 3.5740.35a 0.69+0.14a 0.2740.04a
50% 17.33+3.71a 3.3340.33a 4.4040.25ab 1.60+0.06b 1.3240.13b
100% 19.33+1.67a 2.6740.33a 4.80+0.12b 0.66+0.06a 0.3840.07a
Total 17.25 2.75 428 0.76 0.56
‘TG x2022-4F
Control (0%) 10.67+0.67a 2.6740.33a 3.73+£0.22a 0.28+0.02a 0.2340.04a
25% 8.33+0.88a 2.3340.33a 3.2340.15a 0.2540.05a 0.2140.05a
50% 18.00+2.89b 3.00£0.00a 3.60+0.06a 0.65+0.14b 0.26+0.02a
100% 20.33£0.88b 2.6740.33a 3.50+0.12a 0.41+0.03ab 0.16+0.04a
Total 14.33 2.67 3.52 0.40 0.22

Values are mean + Standard Error, values followed by the same alphabet(s) along the column are not significantly
different at p > 0.05.

Table 3. Pearson’s correlations among some agro-morphological parameters for TG x 2018-5E’

Planc height Number Petiole Leafarea Numberof | Number Length Weight Weight
(cm) of Jength (cm) (cm?) pods per of seeds of pods of pod of dry
branches g plant per pod (cm) (g) pod (g)
Plant l?eight at 100
maturity (cm)
Number of 0238 100
branches
Petiole length 0254 0.148 100
(cm)
Leaf area (cm?) 0.107 -0.249 0.167 1.00
Number of pods 0.179 0527 0.074 0.032 1.00
per plant
No. °f“§ds pet -0273 0.610° 0.256 -0.373 0.191 1.00
po
LC“gz}C‘:)fP"ds 0.163 0323 -0.029 0.055 0415 0.035 1.00
Wcight Ofpod (g) -0.468 0.168 0.016 -0.328 0.003 0.323 0.242 1.00
We‘gh‘(‘;f)dry pod -0.361 0.441 0.090 -0.137 0.074 0.593' 0233 | 0748" 1.00

*Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed).

In ‘TG x 2022-4E’, length of pods was positive, significant (P < 0.05) and moderately correlated with
number of branches at maturity (0.688). Leaf arca at maturity was positive, highly significant (P < 0.01) and
highly correlated with number of pods per plant. It is also positive, significant (P < 0.05) and moderately
correlated with weight of pod (0.621). Plant height at maturity was positive, moderately correlated with length
of petiole at maturity and weight of dry pod; although the correlation coefficient was not significantly different.
Other parameters showed no significance and low associations with one another (Table 4).
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Table 4. Pearson’s correlations among some agro-morphological parameters for “TG x 2022-4E’

A Plan height | Number of Petiole Leaf Number of | Number Length Weight | Weight
Traits length area pods per of seeds of pods of pod of dry
(cm) branches 5
(cm) (cm?) plant per pod (cm) (g) pod (g)
Plant height 1,00
(cm)
Number of branches 0034 100
(cm)
Petiole length 0.526 0443 100
(cm)
Leafarea -0.205 0.463 0.076 1.00
(cm?)
Number of pods per -0.134 0.426 0.253 0.726* 1.00
plant
Number "fdmds pet 0.347 0377 -0.123 0316 0269 1.00
po
Le“gzh °§P°ds 0258 0.688* -0.336 0.024 0217 0.490 1.00
cm
Wc‘g}(‘;)"fp"d 0.246 0292 0347 0.621* 0404 0369 0.192 1.00
W“ght(‘;dry pod 0.540 0.080 0.207 -0.128 -0.140 -0.180 | 0367 | 0308 1.00

*Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed).

Discussion

The differences in plant height of the treated plant and control of both ‘TG x 2018-5E’ and “TG x2022-
SE’ may be attributed to the stimulatory effect of D. seramonium seed extracts on the growth of soybean plant
at medium (50%) and high (100%) concentrations. Similar findings have been reported by Daudu ez a/ (2020)
where it was opined that notable increase of plant height may be attributed to the stimulatory effects of D.
stramonium on the growth of maize plant at medium and high concentrations. Contrary to this, Stef er a/
(2018) stated that the greatest reduction in plant height in the variants is recorded when the leaves extracts
were applied to soybean. It was further stated that extracts from the roots had limited influence on the growth
of soybean containing the lowest amount of allelopathic substances. In addition to this Kusuma er a/ (2018),
reported that the decrease in soybean plant height is caused by the disruption of growth hormone activation.
The difference in this report might be due to difference in plant parts from which the extracts was obtained
and possibly mode of extraction and solvent used; because phytochemical accumulation does vary from
different plant parts.

The length of leaf petiole results showed significant increase in respect to the concentration of Datura
seed extract application; thus, the extract had stimulatory effects on “TG x 2018-5E’ but seems to have
inhibitory effects on petiole length of “TG x 2022-4E’. Reduction in petiole length maybe as a result of reduced
cell division caused by the allelopathic effect of D. seramonium (Awadallah er al, 2019, Daudu et al, 2020).
Similarly, the increase in leaf area due to high concentration of Datura seed extracts which led to increased
number of pods per plant and weight of pods per plant, might be attributed to increase in surface area for
photosynthesis. Thus, high availability of energy for yield mobilization and production activities. The increased
leaf area index in soybean varieties might be due to the stimulatory effects of the extracts. In “TG x 2018-5E,
the highest number of branches per plant obtained could be due to the fact that the extracts had stimulatory
effects on this parameter rather than inhibitory effects. Such stimulatory effects may be due to high
concentration of alkaloids or allelochemical present in the seeds of Datura stramonium which may have
triggered the production of growth hormones in the variety. Contrary to this, Isda ez a/ (2013), reported that
the presence of allelochemical compounds in the form of phenol will inhibit cytokinin activity; this barrier may
cause disruptions in the shoot meristem part so that it can inhibit high growth in plants. The number of
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branches reported for all the treated crops ranged from 12 to 17 was higher than those of Halil ez a/ (2017)
who reported that the average branch number per plant ranged from 2.3 to 3.6. This contrary might be due to
variation in the genetic makeup of the soybean used in this study as well as environmental influence which may
also influence the physical appearance of soybean.

Higher concentrations of Darura seed extract have greatly influenced the yield output of “TG x 2018-
SE’ by stimulating its number of pods and length, where it performed better than “TG x 2022-4E’. Contrary to
this, Scepanovic et al (2007) stated that Datura stramonium expresses allelopathic effect on several species,
reducing the yield of cereal crops and biodiversity of local flora. The difference in this result might be due to
the fact that no plant extracts was used, many beneficial phytochemicals are hidden and must be extracted
before their beneficial effects will become manifest. It is therefore more glaring that despite allelopathic
potential of Datura; certain beneficial phytochemicals with stimulatory effects are present in the crop. The
yield output of “TG x 2022-4E’ was inhibited by the seed extract thereby resulting to poor yield of the variety.
Khan et al (2015), also reported that plant population/m?, plant height, number of branches per plant, filled
pods per plant, unfilled pods per plant, 100-seed weight and seed yield of soybean showed significant variations
across the genotypes. The highest seed yield was attributed by the higher number of plant population/m? filled
pods/plant and 100-seed weight. Malik er a/ (2006) also observed high variability for seed yield in soybean
genotypes; the highest length of pods recorded (4.80 cm) in ‘TG x 2018-5E” at 100% concentration and the
lowest recorded (3.23 cm) in “TG x 2022-4E’ at 25% concentration. Also, the differences in grain yield and
other morphological characters observed among the cultivars, is in consonance with the earlier findings of Ugur
et al. (2005) who reported that morphological characters such as number of flowers, number of pods, date of
harvest are dependent on the genetic constituent of the cultivars. Effects of aqueous seed extracts on some of
the agro-morphological traits showed great association, this implies that such traits can be improved upon
together. For example, increase in leaf areas in “T'G x 2022-4E’ will lead to high surface area for photosynthesis,

and consequently lead to more fruits and heavier fruits due to accumulation of more photosynthates (Daudu
er al, 2020).

Conclusions

The study clearly indicates that the aqueous seed extracts of Datura scramonium contain allelochemicals
that act as inhibitors and growth stimulators. The higher concentrations of seed extracts (50% and 100%)
enhanced certain agro-morphological parameters. The study revealed the stimulatory effect of Darura
stramonium seed extract on plant height, length of leaf petiole, leaf area and number of branches per plant. The
yield output showed variation in terms of genotype; generally speaking, ‘TG x 2018-5E’ performed better in
respect to the concentration of the extract than “TG x 2022-4F’, the seed extracts also stimulated some of their
yield attributes when compared with the control. There is need for further research and observation on effects
of Datura stramonium aqueous seed extracts on other traits like root development, length of internodes and
pollen diameter of the soybean varieties.
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