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Growth promotion and protective 
potentials of leaf infusions 
of Parkia biglobosa, Moringa 
oleifera and Vernonia amygdalina 
on Abelmoschus esculentus seeds
Oghenerobor B. Akpor1*, Marvellous‑Mercy Maxwell2, Ikponmwosa O. Evbuomwan2, 
Tomilola D. Olaolu3, Abigail G. Adeyonu4 & Omorefosa O. Osemwegie2

The germinability and protective potential of leaf infusion of Parkia biglobosa, Moringa oleifera and 
Vernonia amygdalina leaves on okra (Abelmoschus esculentus) seeds against infections simulated with 
suspended cells of Aspergillus niger, A. flavus, A. fumigatus, and Penicillium sp. were examined. Prior 
to planting, the okra seeds were first surface‑sterilized in 5% sodium hypochlorite solution before 
steeping in known concentrations (0, 20, 40, 60, 80, and 100%) of the respective leaf infusions for a 
known duration. Seven of the steeped seeds were planted in plastic transparent containers, incubated 
for 7 days under light, and observed daily. Germination index, germination rate, germination 
time, and vigor index were calculated for each treatment, using standard procedures. The effective 
concentrations of the infusions of V. amygdalina, P. biglobosa and M. oleifera were 40, 40, and 60% 
respectively. Optimum steeping durations in leaf infusions were 1, 5, and 6 h, for P. biglobosa, M. 
oleifera and V. amygdalina, respectively. All the leaf infusions were observed to protect the okra seeds 
against infections with the test organisms. Furthermore, seeds steeped in the respective leaf infusions 
showed remarkably higher germinability potential than the control seeds steeped in water. The study 
confirmed that the leaf infusions may be attractive as economic alternatives for seed priming and 
protection.

The treatment of seeds is known to improve their germination performance and enhance vigor. One method 
that has been established to improve the seedling quality and vigor is seed priming, which is reported to improve 
respiratory activities of seedlings. Other benefits of seed priming include improvement of seed emergence speed, 
enhancement of uniformity, hence improving harvesting productivity, increase in yield potential and improve-
ment of  vigor1–3.

Seed priming have several benefits, such as improvement of seed emergence speed, enhancement of uniform-
ity, hence improving harvesting productivity, increase in yield potential and improvement of vigor by making 
the plant stronger. Although several seed priming techniques (chemical, hydro, osmo, bio, nutrient-priming, use 
of plant growth regulators, plant extracts, nanoparticles and physical agents) are reported in literatures, none is 
without  limitations2,4,5. In addition, not all priming methods may lead to significant germination and growth. 
This is because the use of inappropriate priming conditions or technique may lead to loss of seed tolerance to 
desiccation, thus reducing viability reduces seed viability. It is therefore advocated that identifying the ideal 
priming method for a plant is vital in enhancing germination and  growth2,6. Besides, the use of a seed primer 
that covers additional protection against plant pathogens is an added advantage. It has been indicated that plant 
extracts can play vital role in protecting the plants against microbial  pathogens3,7.
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The common method for dealing with a large number of plant diseases is ab initio the preventive method. 
An integration of plant disease management strategies which involves cultural practices, sanitation and seasonal 
applications of spray have now included the pre-treatment of seeds before planting and the use of resistant 
 variety8,9. Proper handling and treatment of seeds help in the improvement of seed quality and also contribute 
significantly to increase crop yield. The use of chemicals such as pesticides is a primary pest control measure 
used by  farmers10. Because most bioactive chemicals of plant origin are preponderant and circulate effectively 
along the ecological food chain, they have become a readily available bioresource for trial in the search for non-
chemical, eco-friendly, less expensive, and non-toxic alternative in seeds treatment processes.

Globally, the prevention of plant pests and diseases has been a major challenge threatening humans’ food 
 security11. Although agrochemicals are hitherto used for seed treatments, diseases and pest prevention, they were 
reported to pose several chronic threats to animals, humans and the environment either directly or  indirectly12. 
According to Sharma et al.13, agrochemicals have been linked to several illnesses, such as cancer, asthma, hor-
mone disruption particularly among  farmers14. The persistent use of these chemicals also leads to the depletion 
of beneficial microorganisms in the plant soil environment. Therefore, the use of eco-friendly biochemicals that 
can suppress pathogens and effect healthy germination of seeds are advocated. Medicinal plants indicated to 
have antimicrobial and seed priming potentials, hence could serve as good alternative to  agrochemicals15. This 
study was therefore aimed at investigating the effect of the leaf infusions of Parkia biglobosa, Moringa oleifera and 
Vernonia amygdalina on germinability and protection of okra (Abelmoschus esculentus) seeds against selected 
fungal pathogens.

Results
Phytochemical composition of the leaf infusions. In all the leaf infusion samples, terpenoids and 
alkaloids were detected while phlobatannins, anthraquinones and steroids were absent (Table 1).

Effect of leaf infusion concentration on germinability. When the seeds were steeped in the V. amyg-
dalina before planting, higher percentage germination of 71.43% was observed for the 40, 60 and 80% dilutions 
respectively. Vigor index was also observed to be higher for seeds steeped in the 40% dilution of the same 
plant. Generally, germination rate and time of seeds steeped in the different dilutions and control setups ranged 
between 0.18 and 0.19; and 5.16 and 5.38 respectively (Table 2).

In the presence of the respective concentrations of the P. biglobosa leaf infusions, the germination rate and 
time of the okra seeds showed no observable difference, ranging from 0.19 to 0.20  day−1 and from 5.40 to 5.61 
 day−7 respectively, across the treatments. The best percentage germination results of 71.43% and vigor index of 
836.80 was however observed in seeds that were steeped in 20% dilution of the P. biglobosa (Table 2). For seeds 
that were steeped in the M. oleifera leaf infusion, highest percentage germination (57.14%) and vigor index (837) 
were observed in seeds treated with 60% of the infusion. Across the different treatments, germination rate and 
time ranged from 0.18–0.20  day−1 to 5.22–5.36  day−1 respectively were recorded (Table 2). In the case of seeds 
that were treated with the V. amygdalina leaf infusion, highest vigor index of 786.73 was observed in the 20% 
infusion treated seeds while the highest percentage germination of 57.14% was observed for the 80% infusion 
treated seeds. Germination time that ranged from 5.40 to 5.44 day was observed across the respective treatments 
while germination rate across the respective treatments ranged between 0.18 and 0.20  day−1 (Table 2).

When the effect of different levels of concentration of the respective leaf infusions was considered, it was 
observed that 20% level of concentration gave the highest germination index (56.88) and this is statistically sig-
nificantly different from 0, 60 and 100% concentration levels respectively. Also, 100, 80, 60 and 40% concentration 
levels significantly compared with 0% level of concentration. When considered as individual factors, leaf infusion 
and concentration level significantly influenced germination index of okra at 100%. Likewise, the relationship 
between interaction of the two were also significant on the germination index of okra at 100%. However, the 
respective infusions had no significant influence on the vigour index of okra. While 20% level of concentration 
gave the highest mean value of vigour index, the control setup (seeds steeped in water before planting) had the 
least and also significantly differed from others (Table 3).

Table 1.  Phytochemical compositions of leaf infusions. (+) and (–) represent presence and absence of 
phytochemical compositions in the extracts.

Phytochemical Parkia biglobosa Moringa oleifera Vernonia amygdalina

Saponins – + +

Cardiac glycosides – + +

Anthraquinones – – –

Terpenoids + + +

Alkaloids + + +

Phlobatannins – + –

Flavonoids – – –

Steroids – – –
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Effect of steeping duration in the leaf infusions on germinability. Seeds that were steeped for 6 h 
in the P. biglobosa leaf infusion before planting were observed to show significantly higher germinability and 
vigor index than seeds that were steeped at other durations. Germination rate and time that ranged from 0.17 
to 0.20  day−1 and from 4.97 to 6.32 day were observed for seeds across the different soaking durations (Table 4).

In the presence of the M. oleifera leaf infusion, 5 h steeping time was observed to show highest germinability at 
the end of the planting period. A highest vigor index of 769.40 was also observed for seeds that were steeped for 
5 h before planting. Germination and vigor index values for seeds that were steeped for 5 h before planting were 
shown to be significantly higher than values recorded for other steeping durations (Table 4). For seeds that were 
steeped in the V. amygdalina leaf infusion before planting, highest germination and vigor index were recorded 
in seeds that were steeped at 6 h and 5 h, respectively. Generally, germination observed for seeds steeped for 6 h 
before planting was significantly higher than those observed for seeds steeped at other durations (Table 4). The 

Table 2.  Germinability of the okra seeds when steeped at different concentrations of the respective leaf 
infusions before planting. Values are averages of duplicates with those in parenthesis representing ± standard 
deviation. % values indicate the dilution of the leaf infusion in water while control represents seeds steeped in 
distilled water.

% Germination Germination index Germination rate Germination time Vigor index

Parkia bigblobosa

100% 64.29 (± 10.10) 59.65 (± 15.74) 5.61 (± 0.68) 0.18 (± 0.02) 559.2 (± 305.93)

80% 42.86 (± 0.00) 38.50 (± 0.00) 5.23 (± 0.00) 0.19 (± 0.00) 505.10 (± 194.9)

60% 21.43 (± 10.10) 27.44 (± 5.35) 5.25 (± 0.35) 0.19 (± 0.01) 31.63 (± 18.76)

40% 64.29 (± 10.10) 70.88 (± 0.54) 5.07 (± 0.09) 0.20 (± 0.00) 606.12 (± 251.10)

20% 71.43 (± 0.00) 72.41 (± 1.26) 5.11 (± 0.03) 0.20 (± 0.00) 836.80 (± 86.58)

Control 28.57 (± 0.00) 22.18 (± 1.01) 5.40 (± 0.04) 0.19 (± 0.00) 106.12 (± 23.1)

Moringa oleifera

100% 42.86 (± 0.00) 45.65 (± 1.68) 5.07 (± 0.10) 0.20 (± 0.00) 688.8 (± 99.57)

80% 35.71 (± 30.30) 36.10 (± 1.91) 5.22 (± 0.60) 0.19 (± 0.02) 132.7 (± 25.98)

60% 57.14 (± 20.20) 49.88 (± 11.04) 5.11 (± 0.04) 0.20 (± 0.00) 837.8 (± 734.53)

40% 28.57 (± 0.00) 27.95 (± 4.63) 5.36 (± 0.51) 0.19 (± 0.02) 169.4 (± 60.61)

20% 42.86 (± 20.20) 53.45 (± 12.72) 5.11 (± 0.16) 0.20 (± 0.01) 477.6 (± 525.3)

Control 28.57 (± 0.00) 22.18 (± 1.01) 5.40 (± 0.04) 0.19 (± 0.00) 106.12 (± 23.1)

Vernonia amygdalina

100% 50.00 (± 10.10) 43.96 (± 2.57) 5.30 (± 0.10) 0.19 (± 0.00) 439.80 (± 93.80)

80% 57.14 (± 20.20) 61.33 (± 16.93) 5.44 (± 0.51) 0.18 (± 0.02) 425.51 (± 350.7)

60% 35.71 (30.30) 43.30 (± 15.30) 5.33 (± 0.24) 0.19 (± 0.01) 417.4 (± 529.61)

40% 64.29 (± 10.10) 64.27 (± 2.57) 5.07 (± 0.09) 0.20 (± 0.00) 680.61 (± 235.22)

20% 50.00 (± 30.30) 44.78 (± 13.44) 5.13 (± 0.00) 0.20 (± 0.00) 786.73 (± 864.40)

Control 28.57 (± 0.00) 22.18 (± 1.01) 5.40 (± 0.04) 0.19 (± 0.00) 106.12 (± 23.1)

Table 3.  Effects of level of concentration of the leaf infusions on germination and vigor indices of okra. Note: 
Values followed by similar letters under the same column are not significantly different at p = 0.05 according to 
Duncan’s multiple range test; ns = not significant at p = 0.05 level.

Leaf infusion type (LT) Germination index Vigour index

Locust beans 48.51a 440.82a

Moringa 39.00b 402.04a

Bitter leaf 46.69a 479.76a

Concentration level (CL)

100% 49.75bc 562.58ab

80% 45.31ab 354.41b

60% 40.20d 428.91b

40% 54.36ab 485.37ab

20% 56.88a 700.34a

0% 21.89e 113.61c

LT 0.000 Ns

CL 0.000 0.000

LT*CL 0.000 0.004
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seeds soaked in water only revealed 6 h to be the highest having the vigor and germination index of 1129.6 and 
91.49 respectively (Table 4).

The M. oleifera leaf infusion had the highest germination index (55.58) which was statistically significant 
from those of P. biglobosa (27.51) and V. amygdalina (42.60) but not significantly different from control (water). 
Considering the effect of soaking time, a highest germination index (97.39) mean value was observed at 6 h, 
which was statistically significantly different from all other treatments. The 4 h steeping duration treatment 
with mean value of 25.47 had the least germination index which was significantly different from others. The 
mean germination index at 5 h, 1 h and 3 h were 41.89, 37.27and 36.67, respectively and were not observed to 
be statistically different from one another. Results show that when examined as individual factors, type of leave 
infusion and steeping duration infusion time significantly determined germination index of okra at 1 and 5% 
levels respectively.

The interactive effect of type of leaf infusion and steeping duration was also significant at 1% level of signifi-
cance. Furthermore, the analysis showed that water had the highest vigor index (690.64) and was statistically 
significantly different from others. Regarding the soaking time, 6 h had a vigour index mean value of 600.02 and 
significantly compared with 4, 3 and 2 h treatments respectively (Table 5).

Protective potential of the leaf infusions. The okra seeds were soaked in cell suspensions of Aspergil-
lus niger, A. flavus, A. fumigatus and Penicillium sp. showed no germination throughout the planting period. All 
fungal pathogens were recorded to inhibit the growth of the okra seeds and initiate infection. No germination 
was observed for seeds that were steeped in the suspensions of the fungal pathogens without treating with the 
infusions. The seeds that were infected and then treated with leaf infusions were observed to show remarkable 
germinability potentials. Control seeds that were infected and then steeped in water before planting remained 
infected throughout the period of germination, hence showed minute or no germinability potential throughout 
the planting period (Tables 6, 7 and  8).

Table 4.  Germinability of the okra seeds at the respective steeping durations in the leaf infusions before 
planting.

Steeping duration % Germination Germination index Germination time Germination rate Vigor index

Parkia bigblobosa

1 h 42.86 (± 20.20) 31.67 (± 11.88) 5.99 (± 0.96) 0.17 (± 0.03) 404.08 (± 525.28)

2 h 21.43 (± 10.10) 11.96 (± 1.56) 5.67 (± 0.24) 0.18 (± 0.01) 43.88 (± 38.96)

3 h 28.57 (± 0.00) 35.39 (± 4.21) 4.97 (± 0.35) 0.20 (± 0.01) 208.16 (± 202.03)

4 h 14.29 (± 0.00) 11.15 (± 5.47) 5.25 (± 1.06) 0.19 (± 0.04) 7.14 (± 4.33)

5 h 28.57 (± 20.20) 8.78 (± 9.52) 6.32 (± 0.96) 0.16 (± 0.02) 79.59 (± 86.58)

6 h 50.00 (± 30.30) 66.11 (± 27.00) 5.69 (± 1.14) 0.18 (± 0.04) 874.49 (± 1000.05)

Moringa oleifera

1 h 35.71 (± 10.10) 59.59 (± 0.72) 4.57 (± 0.10) 0.22 (± 0.00) 360.20 (± 379.53)

2 h 42.86 (± 0.00) 39.40 (± 8.00) 5.08 (± 0.47) 0.20 (± 0.02) 385.71 (± 233.78)

3 h 21.43 (± 10.10) 11.72 (± 10.32) 5.70 (± 1.13) 0.18 (± 0.04) 39.80 (± 53.39)

4 h 14.29 (± 0.00) 3.83 (± 0.84) 6.75 (± 0.35) 0.15 (± 0.01) 12.24 (± 11.54)

5 h 50.00 (± 10.10) 64.68 (± 10.32) 4.90 (± 0.13) 0.20 (± 0.01) 769.39  (± 655.16)

6 h 35.71 (± 10.10) 50.08 (± 5.52) 4.77 (± 0.06) 0.21 (± 0.00) 154.08 (± 50.51)

Vernonia amygdalina

1 h 21.43 (± 10.10) 29.29 (± 12.84) 5.86 (± 1.61) 0.18 (± 0.05) 418.37 (± 562.80)

2 h 28.57 (± 20.20) 30.64 (± 7.08) 5.12 (± 0.18) 0.20 (± 0.01) 281.63 (± 294.39)

3 h 28.57 (± 0.00) 43.72 (± 2.53) 4.61 (± 0.16) 0.22 (± 0.01) 224.49 (± 0.00)

4 h 42.86 (± 20.20) 39.80 (± 12.13) 4.92 (± 0.11) 0.20 (± 0.00) 240.82 (± 144.31)

5 h 42.86 (± 20.20) 34.27 (± 11.04) 5.14 (± 0.12) 0.19 (± 0.00) 497.96 (± 531.05)

6 h 50.00 (± 10.10) 77.89 (± 18.57) 4.87 (± 0.52) 0.21 (± 0.02) 345.92 (± 203.47)

Control

1 h 42.86 (± 40.41) 28.55 (± 18.29) 5.09 (± 0.13) 0.20 (± 0.00) 666.33 (± 904.81)

2 h 35.71 (± 30.30) 38.24 (10.67) 5.19 (± 0.27) 0.19 (± 0.01) 348.98 (476.21)

3 h 57.14 (± 20.20) 55.83 (± 9.36) 4.99 (± 0.08) 0.20  (± 0.00) 739.80 (± 483.43)

4 h 50.00 (± 30.30) 47.10 (± 19.08) 4.87 (± 0.04) 0.21 (± 0.00) 602.04.7 (± 476.2)

5 h 50.00 (± 10.10) 59.86 (± 8.05) 4.92 (± 0.11) 0.20 (± 0.00) 657.14.7 (± 132.8)

6 h 64.29  (± 30.30) 91.49 (± 19.93) 4.89 (± 0.07) 0.20 (± 0.00) 1129.6 (± 809.6)
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Discussion
In this study, seeds were first steeped in the extracts before planting. Priming of seeds affects the germination 
of the seeds, thus facilitates their  germination9. During steeping, seeds have the access to adequate moisture 
required for their fastidious  growth17,18. Effect of priming okra seeds with different plant extracts before sowing 
has significant influence on the germination  potential19.

From the findings of this study, germinability of the okra seeds was dependent on concentration of the leaf 
infusion that was used for steeping. In a study by Kiran et al.20 20% was shown to have the highest concentration 
for the aqueous extract of seeds of Psoralea corylifolia on germination and vigor of maize seeds. Also, in a study 
by El-Dahab et al.21 when analyzing the plant extracts used on seed viability of sorghum seeds during storage 
period, 25% concentration was observed to be optimum and more effective than 50, 75 and 100% respectively. 
Ghasemi et al.22 indicated that high concentration of aqueous extract of Calotropis procera significantly decreased 
the germination percentage.

Table 5.  Effect of leave infusion of P. biglobosa, M. oleifera and V. amygdalinaon germination and vigor 
indices of okra. Note: Values followed by similar letters under the same column are not significantly different at 
p = 0.05 according to Duncan’s multiple range test; ns = not significant at p = 0.05 level.

Type leave infusion (TLI) Germination index Vigour index

Locust beans 27.51c 269.56b

Moringa 55.58a 269.57b

Bitter leaf 42.60b 334.87b

Water 53.51a 690.64a

Steeping duration (SD)

1 h 37.27bc 462.25ab

2 h 30.06cd 265.05b

3 h 36.67bc 303.66b

4 h 25.47d 215.56b

5 h 41.89b 501.02ab

6 h 97.39a 600.02a

TLI 0.000 0.000

SD 0.012 0.026

TLI*SD 0.000 Ns

Table 6.  Protective potential of leaf infusion from the P. biglobosa. Germination, index, time, rate and vigor 
represent % germination, germination index, germination time, germination rate and vigor, respectively.

Treatments Germination Index Time Rate Vigor

Infected and untreated

Aspergillus flavus 7.14 (± 10.10) 36.05 (± 3.1) 3.86 (± 0.20) 0.26 (± 0.01) 19.39 (± 27.42)

Aspergillus niger 7.14 (± 10.10) 39.77 (± 4.8) 3.79 (± 0.49) 0.27 (± 0.03) 13.27 (± 18.76)

Aspergillus fumigatus 0.00 (± 0.00) 32.68 (± 2.3) 3.77 (± 0.15) 0.27 (± 0.01) 0.00 (± 0.00)

Penicillium sp. 7.14 (± 0.00) 18.67 (± 5.77) 4.50 (± 0.00) 0.22 (± 0.00) 6.12 (± 8.66)

Infected, then treated

Aspergillus flavus 64.29 (± 10.10) 31.47 (± 9.73) 5.65 (± 0.50) 0.18 (± 0.02) 505.1 (± 198.4)

Aspergillus niger 57.14 (± 20.20) 32.98 (± 15.42) 5.34  (± 0.41) 0.19 (± 0.01) 486.7  (± 350.67)

Aspergillus fumigatus 50.00 (± 30.30) 71.35 (± 12.18) 4.68 (± 0.26) 0.21 (± 0.01) 433.7 (± 497.9)

Penicillium sp. 57.14 (± 40.41) 71.99 (± 12.48) 4.79 (± 0.41) 0.21 (± 0.02) 634.7 (± 487.8)

Treated, then infected

Aspergillus niger 0.00 (± 0.00) 14.58 (± 3.8) 2.62 (± 0.18) 0.38 (± 0.03) 0.00 (± 0.00)

Aspergillus flavus 0.00 (± 0.00) 19.64 (± 9.26) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

Aspergillus fumigatus 7.14 (± 10.10) 33.30 (± 7.03) 3.75 (± 0.35) 0.27 (± 0.03) 2.04 (± 2.89)

Penicillium sp. 0.00 (± 0.00) 21.73 (± 1.26) 2.54 (± 0.29) 0.40 (± 0.05) 0.00 (± 0.00)

Infected, then steeped in water

Aspergillus niger 14.29 (± 20.20) 41.56 (± 1.50) 4.16 (± 0.80) 0.24 (± 0.05) 38.78 (± 54.84)

Aspergillus flavus 21.43 (± 10.10) 46.36 (± 6.01) 4.49 (± 0.58) 0.22 (± 0.03) 57.14 (± 51.95)

Aspergillus fumigatus 28.57 (± 0.00) 38.66 (± 11.4) 5.27 (± 1.03) 0.19 (± 0.04) 53.06 (± 28.86)

Penicillium sp. 14.29 (± 20.20) 41.50 (± 16.93) 4.00 (± 0.40) 0.25 (± 0.03) 26.53 (± 37.52)
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In a study on the effect of Moringa oleifera leaf, bark and root extracts on germination and growth of Triti-
cum aestivum, optimum concentration that enhanced germination was observed to be 50%23. The present study 
revealed optimum concentration of the Moringa oleifera leaf infusion to be 60%. In a related study, Chukwuka 
et al.24 reported that 100% w/v of Vernonia amygdalina and Tithonia diversifolia produced lower or equal ger-
mination percentage, when compared with a control setup in the treatment of Zea mays seeds. In a study on the 
effect of aqueous leaf extract of Octimum basilicum and Artemista absinthium on tomato  seed25, tomato seeds 

Table 7.  Protective potential of leaf infusion from the M. oleifera. Germination, index, time, rate and vigor 
represent % germination, germination index, germination time, germination rate and vigor, respectively.

Treatments Germination Index Time Rate Vigor

Infected and untreated

Aspergillus flavus 7.14 (± 10.10) 36.05 (± 3.1) 3.86 (± 0.20) 0.26 (± 0.01) 19.39 (± 27.42)

Aspergillus niger 7.14 (± 10.10) 39.77 (± 4.8) 3.79 (± 0.49) 0.27 (± 0.03) 13.27 (± 18.76)

Aspergillus fumigatus 0.00 (± 0.00) 32.68 (± 2.3) 3.77 (± 0.15) 0.27 (± 0.01) 0.00 (± 0.00)

Penicillium sp. 7.14 (± 0.00) 18.67 (± 5.77) 4.50 (± 0.00) 0.22 (± 0.00) 6.12 (± 8.66)

Infected, then treated

Aspergillus flavus 64.29 (± 10.10) 51.17 (± 6.85) 5.36 (± 0.60) 0.19 (± 0.02) 536.7  (± 251.1)

Aspergillus niger 57.14 (± 0.00) 67.15 (± 5.64) 4.78 (± 0.00) 0.21 (± 0.00) 273.5 (± 109.7)

Aspergillus fumigatus 57.14 (± 0.00) 85.13 (± 7.32) 4.77 (± 0.12) 0.21 (± 0.01) 1036.3 (± 323.8)

Penicillium sp. 385.7 (± 444.4) 243.7 (± 255.8) 5.01 (± 0.06) 0.20 (± 0.00) 4928.5 (± 6464.9)

Treated, then infected

Aspergillus niger 0.00 (± 0.00) 5.36 (± 2.53) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

Aspergillus flavus 0.00 (± 0.00) 17.86 (± 8.42) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

Aspergillus fumigatus 0.00 (± 0.00) 6.37 (± 9.01) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

Penicillium sp. 0.00 (± 0.00) 8.93 (4.21) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

Infected, then steeped in water

Aspergillus niger 14.29 (± 20.20) 41.56 (± 1.50) 4.16 (± 0.80) 0.24 (± 0.05) 38.78 (± 54.84)

Aspergillus flavus 21.43 (± 10.10) 46.36 (± 6.01) 4.49 (± 0.58) 0.22 (± 0.03) 57.14 (± 51.95)

Aspergillus fumigatus 28.57 (± 0.00) 38.66 (± 11.4) 5.27 (± 1.03) 0.19 (± 0.04) 53.06 (± 28.86)

Penicillium sp. 14.29 (± 20.20) 41.50 (± 16.93) 4.00 (± 0.40) 0.25 (± 0.03) 26.53 (± 37.52)

Table 8.  Protective potential of leaf infusion from the V. amygdalina. Germination, index, time, rate and vigor 
represent % germination, germination index, germination time, germination rate and vigor, respectively.

Treatments Germination Index Time Rate Vigor

Infected and untreated

Aspergillus flavus 7.14 (± 10.10) 36.05 (± 3.1) 3.86 (± 0.20) 0.26 (± 0.01) 19.39 (± 27.42)

Aspergillus niger 7.14 (± 10.10) 39.77 (± 4.8) 3.79 (± 0.49) 0.27 (± 0.03) 13.27 (± 18.76)

Aspergillus fumigatus 0.00 (± 0.00) 32.68 (± 2.3) 3.77 (± 0.15) 0.27 (± 0.01) 0.00 (± 0.00)

Penicillium sp. 7.14 (± 0.00) 18.67 (± 5.77) 4.50 (± 0.00) 0.22 (± 0.00) 6.12 (± 8.66)

Infected, then treated

Aspergillus flavus 64.29 (± 30.30) 51.52 (± 4.15) 5.44 (± 0.62) 0.19 (± 0.02) 869.4 (± 1021.7)

Aspergillus niger 71.43 (± 0.00) 74.73 (± 6.06) 4.90 (± 0.08) 0.20 (± 0.00) 994.9 (± 7.22)

Aspergillus fumigatus 64.29 (± 10.10) 62.54 (± 3.23) 5.09 (± 0.19) 0.20 (± 0.01) 638.8 (± 164.5)

Penicillium sp. 57.14 (± 20.20) 63.15 (± 9.61) 4.79 (± 0.06) 0.21 (± 0.00) 545.9 (± 382.4)

Treated, then infected

Aspergillus niger 0.00 (± 0.00) 33.45 (± 4.55) 3.00 (± 0.71) 0.34 (± 0.08) 0.00 (± 0.00)

Aspergillus flavus 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

Aspergillus fumigatus 0.00 (± 0.00) 15.30 (± 4.81) 2.85 (± 0.49) 0.36 (± 0.00) 0.00 (± 0.00)

Penicillium sp. 0.00 (± 0.00) 8.93 (± 4.21) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00)

Infected, then steeped in water

Aspergillus niger 14.29 (± 20.20) 41.56 (± 1.50) 4.16 (± 0.80) 0.24 (± 0.05) 38.78 (± 54.84)

Aspergillus flavus 21.43 (± 10.10) 46.36 (± 6.01) 4.49 (± 0.58) 0.22 (± 0.03) 57.14 (± 51.95)

Aspergillus fumigatus 28.57 (± 0.00) 38.66 (± 11.4) 5.27 (± 1.03) 0.19 (± 0.04) 53.06 (± 28.86)

Penicillium sp. 14.29 (± 20.20) 41.50 (± 16.9) 4.00 (± 0.40) 0.25 (± 0.03) 26.53(± 37.52)
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treated with aqueous leaf extract of O. basilicum and A. absinthium had effect on the germination of the seeds. 
The study revealed that highest germination was observed in seeds treated with either 40% of the O. basilicum 
or 67% of the A. absinthium leaf extracts.

Also, a study on the evaluation of Tithonia diversifolia for allelopathic effects on some selected crops under 
laboratory and screen house conditions showed that 100% concentration of the extract lowered germination 
of soybean  seeds26. In addition, Aslam et al.27 mentioned that lower concentrations of extracts were similar to 
control and higher concentration inhibited seed germination. The inhibitory effect of extracts on seed germina-
tion and growth has also been reported to be dependent on the extract concentration, as the degree of inhibition 
increases with increase in the extract concentration.

The present study revealed that steeping duration of the okra seeds in the leaf infusions also has effect on 
germinability. Similar observation has been reported by Akpor and  Oluba28. It is reported that steeping time has 
effect on vigor enhancement in seeds. Saleem et al.29 reported that 720 min of soaking seeds in water improved 
the seed vigor of bitter gourd cultivar. For the leaf infusions, steeping duration of 6 h was observed to be optimum 
when seeds were steeped in P. bigblobosa or V. amygdalina and 5 h when steeped in M. oleifera. Optimum steep-
ing durations of between 5 and 6 h has been reported by Akpor and  Oluba28 when investigating germinability 
potential and protective effect of several leaf decoctions against fungal pathogens of Abelmoschus esculentus. In 
addition, Hala et al.30 when investigating the effect of Moringa oleifera leaf extract on pepper seed germination 
for seedling improvement, growth, fruit yields and quality, reported optimum soaking time of between 3 and 6 h.

In this study, seeds that were soaked in the leaf infusions before planting showed better germinability poten-
tials than seeds that were only steeped in water before planting. A similar observation was reported by Adejobi 
and  Torjir31. Previous study by  Murungu32, on the effect of seed priming and water potential on seed germina-
tion and emergence of wheat varieties in laboratory assays and in the field, seeds that were soaked for 20 and 
24 h recorded lowest germination rate. Akpor and  Obeasor15, have reported optimum soaking time of Cajanus 
cajan in Helianthus annus extracts to be 3–4 h. Zhao et al.33 recorded that Hylocereu sundatus seeds soaked in 
water for 48 h higher showed higher germination than seeds soaked for 24 h. Although optimum soaking time 
is necessary to obtain maximum germination, prolonged soaking of seeds has been reported to have negative 
effect on seed  germination34.

In this present study, seeds were steeped in suspended cells of Aspergillus niger, A. flavus, A. fumigatus and 
Penicillium sp. All the fungal pathogens used for this study were observed to initiate infections on the okra seeds. 
Results from this study also suggest a possible similar suppressive effect on bacteria pathogens of okra seeds 
steeped in the test plant infusions as supported by the work of Radwan et al.35 will treating barley and wheat 
seeds with extracts of Calotropis pocera. Aspergillus niger and Penicillium chrysogenum have been recorded to 
affect the germination and morphology of maize  seeds36. Gupta et al.37 stated that the presence of Aspergillus 
species decreased the germination of seeds and also led to pre- and post-mortality of the seeds. Aspergillus species 
have also been reported to cause significant loss in the seed quality and nutrient content of  grains38. Aspergillus 
sp. and Penicillium sp. are fungal pathogens that are known to produce diverse toxic substances that can affect 
plants, animals and humans.

In this study, all leaf infusions of P. bigblobosa, M. oleifera and V. amygdalina were effective against the patho-
genic fungi with high germination percentage and vigor index. In a related study by John et al.39 reported that 
V. amygdalina leaf powder was effective against fungi associated with infected tomato seeds. In another study, 
M. oleifera, V. amygdalina and Annona muricate have been implicated to be effective against Collectotrichum 
destructivum on cowpea  seeds40. Low concentrations of extracts of M. oleifera and V. amydalina have been 
reported to be effective against fungal  pathogens41. Acid extracts of Salvia sclarea, S. officinalis and Rosmarinus 
officinalis have also been reported to be active against Alternaria42. The various inhibitory effect observed for the 
target fungal pathogens in this current study may be attributed to the phenolic and flavonoid contents or other 
bioactive compounds of the various plant  infusions35. A possible efflux of phytotoxic volatiles from the okra seeds 
may also cause similar effect and afford the seeds a healthier condition for effective  growth43.

In a study carried out on the efficacy of plant extracts, traditional materials and antibacterial chemicals against 
Xanthomonas campestris on tomato seed, it was observed that soaking of tomato seeds in mustard and ginger 
rhizome extracts and lemon juice inhibited seed borne pathogen. Bonzi et al.44 reported that seeds steeped for 
longer duration in aqueous extract of Balanites aegyptiaca, Cymbopogon citratus, Cassia occidentalis and Portulaca 
oleracea inhibited fungal activities against the seeds.

Conclusion
The findings from this study observed that the leaf infusions from the test plant species positively suppressed the 
pathogenic treatments and improve the germinability of the test okra seeds. This could only suggest the extracts 
have potentials to be explored as primers for seed germinability and protection. Although the study interestingly 
showed positive findings, there is still the need for further investigation in green house and field studies outside 
this present in vitro report. In addition, a better understanding of the inhibitory compounds in the infusion is 
necessary for their effective exploitation in seed treatment and germination strategies. These findings can serve 
as one of the baseline studies for the use of the leaf infusions of indigenous test plant species of ethnobotanical 
values as alternatives to chemical treatment of seeds.

Materials and methods
Preparation of leaf infusions. The plants used for the study the leaves of Parkia bigblobosa, Moringa oleif-
era and Vernonia amygdalina obtained from the Teaching and Research Farm of Landmark University, Omu-
Aran, Kwara State, Nigeria. The plant materials used in the study were identified at the University of Ilorin 
Herbarium, Ilorin, Nigeria. The voucher specimens of the plant materials were deposited in the Herbarium, 
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with assigned voucher numbers as UILH/001/1023/2021 (Vernonia amygdalina), UILH/002/1011/2021 (Mor-
inga oleifera) and UILH/003/948/2021 (Parkia bigblobosa). The relevant international, national and institutional 
guidelines were complied with when working with the plants.

The collected leaves were rinsed with water, surface-sterilized following standard practice, and then pulver-
ized using a laboratory blender before steeping in known volumes of water for 24 h. After steeping, the solution 
was filtered with a muslin cloth. The filtrate (infusion) was discarded while the supernatant was stored in clean 
air tight transparent plastic bottles at 4 °C. The phytochemical screening of the infusions was carried out using 
standard  procedures16.

Seeds preparation and experimental setup. The okra (Abelmoschus esculentus) seeds used for the 
study were purchased from a local market in Omu-Aran, Kwara State, Nigeria. Prior to use their use, they were 
soaked in distilled water and the floating ones which were not viable were removed. The viable seeds were 
surface-sterilized by soaking in sodium hypochlorite (5%) solution for 3 min before rinsing with distilled water 
several times to remove any residual sodium hypochlorite. These were later steeped in known concentrations 
for a fixed time. After steeping, seven seeds were drawn and planted in plastic containers (9 cm diameter and 4 
height) containing 3.14 g of absorbent cotton wool (to serve as blotters) and incubated under fluorescent light 
in the laboratory for 7 day for daily observation. The seeds were watered daily to avoid the blotters dehydration.

Germination readings were taken daily, while plant height reading was observed at the end of the 7-d planting 
period, after which germination time, vigor index, germination rate, germination index values were calculated 
as follows:

where G and d represent % germination and the day of planting respectively.
All experimental setups were carried out in duplicate. A total of seven seeds were used per per treatment.

Determination of optimum concentration. For the determination of the optimum concentration, five 
different concentrations of the respective leaf infusions were used. The concentrations were 0:5, 1:5, 2:5, 3:5, 4:5 
and 5:5 volumes of the respective leaf infusion ratio to volume of water. The surface-sterilized seeds were steeped 
in the respective concentrations for 1 h before planting and daily observation, as described earlier.

Determination of optimum soaking time. For optimum steeping duration, the surface-sterilized seeds 
were steeped in a known concentration of the respective leaf infusions. Every 1 h for a duration of 6 h, 7 seeds 
were withdrawn from each of the setup and planted in transparent plates as described earlier. Daily germination 
of seeds was recorded. At the expiration day, plant height, germination rate, vigor index, % germination of each 
of the slots was estimated as described earlier.

Assessment of protective potential of the infusions. The protective potential of the infusions against 
selected fungal pathogens was observed, using the optimum concentration of the respective infusions and the 
steeping duration that gave better seeds’ germinability results. The fungal pathogens used for the experiment 
were Aspergillus niger, A. flavus, A. fumigatus and Penicillium sp. The isolates were already subcultured in sab-
ouraud dextrose broth at 25 °C for 72 h.

Five experimental setups were used for this study:

• Seeds were soaked in respective plants infusions only,
• Seeds soaked in broth cultures of the respective fungal pathogens,
• Seeds that were soaked in broth cultures of the fungal pathogens before soaking in infusion,
• Seeds soaked in broth cultures of the fungal pathogens before soaking in distilled water, and
• Seeds soaked in leaf infusions before soaking in broth cultures of fungal pathogens.

Except for seeds that were untreated, which were soaked for 1 h duration, the treatment setups (leaf infusion 
or water) were first soaked for 1 h in the fungal suspension before soaking for 1 h in the treatment fluid. Seeds 
that were first treated before infecting with the pathogens were soaked in the treatment solution (leaf infusion 
or water) before transferring to the fungal suspension for another 1 h. Seeds were planted and monitored as 
described earlier.

Statistical analysis. Descriptive statistics and analysis of variance (ANOVA) were carried out using SPSS 
(version 23) statistical package. Treatment means were compared with Duncan’s multiple range test at p = 0.05 
level of significance.

Vigor index = plant height × %germination

Germination time =
(G1× d1)+ (G2× d1)+ (G3× d3)+ · · · (G7× d7)

G1+ G2+ G3 . . .G7

Germination rate =
G1+ G2+ G3+ · · ·G7

(G1× d1)+ (G2× d2)+ (G3× d3) . . . (G7× d7)



9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:14106  | https://doi.org/10.1038/s41598-022-18555-4

www.nature.com/scientificreports/

Received: 25 March 2021; Accepted: 16 August 2022

References
 1. Jockovic, M. et al. Effect of seed priming techniques on germination parameters of safflower (L.). Contemp. Agric. 67, 157–163 

(2018).
 2. Waqas, M., Korres, N.E., Khan, M.D., Nizami, A.S., Deeba, F. et al. Advances in the concept and methods of seed priming. In 

Priming and Pretreatment of Seeds and Seedlings (eds Hasanuzzaman, M. & Fotopoulos, V.) 11–41 (Springer, 2019).
 3. Lutts, S., Benincasa, P., Wojtyla, L., Kubala, S., Pace, R. et al. Seed priming: New comprehensive approaches for an old empirical 

technique. In New Challenges in Seed Biology-Basic and Translational Research Driving Seed Technology (eds Araujo, S. & Balestrazzi, 
A.) 1–46 (IntechOpen, 2016)

 4. Canellas, L. P., Canellas, N. O., Irineu, L. E. S., Olivares, F. L. & Piccolo, A. Plant chemical priming by humic acids. Chem. Biol. 
Technol. Agric. 71, 1–17 (2020).

 5. Dursun, A. & Ekinci, M. Effects of different priming treatments and priming durations on germination percentage of parsley 
(Petroselinum crispum L.) seeds. Agric. Sci. 1, 17–23 (2010).

 6. Mirmazloum, I. et al. The Effect of osmopriming on seed germination and early seedling characteristics of Carum carvi L.. Agri-
culture 10, 94 (2020).

 7. Ali, M. M. et al. Effect of seed priming with potassium nitrate on the performance of tomato. Agriculture 10, 498 (2020).
 8. Chakraborty, S. & Newton, A. C. Climate change, plant diseases and food security: An overview. Plant Pathol. 60, 2–14 (2011).
 9. Chukwuka, K. S., Obiakara, M. C. & Ogunsumi, I. A. Effects of aqueous plant extracts and inorganic fertilizer on the germination, 

growth and development of maize (Zea mays L.). J. Agric. Sci. 59, 243–254 (2014).
 10. Dall’Acqua, S. et al. Comprehensive bioactivity and chemical characterization of the endemic plant Scorzonera hieraciifolia Hayek 

extracts: A promising source of bioactive compounds. Food Res. Int. 137, 109371 (2020).
 11. Dellavalle, P. D. et al. Antifungal activity of medicinal plant extracts against phytopathogenic fungus Alternaria spp. Chil. J. Agric. 

Res. 71, 231–239 (2011).
 12. Dubey, S. C., Singh, B. & Tripathi, A. Integrated management of wet root rot, yellow mosaic, and leaf crinkle diseases of urdbean 

by seed treatment and foliar spray of insecticide, fungicide, and biocontrol agent. Crop Prot. 112, 269–273 (2018).
 13. El-Dahab, M. S. A., El-Ward, A., Ibrahim, A. & Yousof, F. I. Effect of some plant extracts on seed viability and seed borne fungi of 

sorghum seed during storage periods. Res. J. Seed Sci. 9, 5–13 (2016).
 14. Ewetola, E. A., Babarinde, S. A., Omirin, T. & Ojewole, D. O. Farmers’ perception of the usefulness of vetiver grass for termite 

control on Ogbomoso Agricultural Zone farmlands, South-West Nigeria. J. King Saud Univ. Sci. 30, 212–222 (2017).
 15. Garuba, T., Abdulrahaman, A. A., Olahan, G. S., Abdulkareem, K. A. & Amadi, J. E. Effects of fungal filtrates on seed germination 

and leaf anatomy of maize seedlings (Zea mays L., Poaceae). J. Appl. Sci. Environ. Manag. 18, 662–667 (2014).
 16. Ghasemi, S., Ghasemi, M., Moradi, N. & Shamili, A. M. Effect of Calotropis procera leaf extract on seed germination of some plants. 

J. Ornam. Hortic. Plants 2, 27–32 (2012).
 17. Gilbert, S. G. A Small Dose of Toxicology: The Health Effects of Common Chemicals 280 (CRC Press, 2004).
 18. Girase, I. P., Rai, P. K., Bara, B. M. & Singh, B. A. Effect of plant extracts on seed germination behaviour and vigour of okra [Abel-

moschus esculentus (L.) Moench]. Int. J. Curr. Microbiol. Appl. Sci. 8, 830–835 (2019).
 19. Gupta, P. et al. Comparative evaluation of disc diffusion and e-test with broth micro-dilution in susceptibility testing of ampho-

tericin B, voriconazole and caspofungin against clinical Aspergillus isolates. J. Clin. Diagn. Res. 9, 4–7 (2015).
 20. Gupta, A. Pesticide use in south and south-east asia: Environmental public health and legal concerns. Am. J. Environ. Sci. 8, 152–157 

(2012).
 21. Hala, H., El-Nour, A. & Ewais, N. A. Effect of Moringa oleifera leaf extract (Mle) on pepper seed germination, seedlings improve-

ment, growth, fruit yield and its quality. Middle East J. Agric. Res. 6, 448–463 (2017).
 22. Horne, P. A., Page, J. & Nicholson, C. When will integrated pest management strategies be adopted? Example of the development 

and implementation of integrated pest management strategies in cropping systems in Victoria. Aust. J. Exp. Agric. 48, 1601–1607 
(2008).

 23. John, W. C., Ihum, T. A., Maipandi, M. O. & Ishaya, M. Inhibitory effect of Vernonia amygdalina leaf powder on Rhizopus stolonifer 
and Fusarium sp. of tomato plants in a greenhouse. Asian J. Res. Bot. 1, 1–7 (2018).

 24. Kiran, B., Lalitha, V. & Raveesha, K. A. Evaluation of aqueous extract of seeds of Psoralea corylifolia L. on seed mycoflora, seed 
germination and seedling vigour of maize seeds. Int. J. Life Sci. Pharma Res. 2, 40–45 (2012).

 25. Koirala, P., Kumar, S., Yadav, B. K. & Premarajan, K. C. Occurrence of aflatoxin in some of the food and feed in Nepal. Indian J. 
Med. Sci. 59, 331–336 (2005).

 26. Lemmens, E., De Brier, N., Goos, P., Smolders, E. & Delcour, J. A. Steeping and germination of wheat (Triticum aestivum L.). I. 
Unlocking the impact of phytate and cell wall hydrolysis on bio-accessibility of iron and zinc elements. J. Cereal Sci. 90, 102847 
(2019).

 27. Mahajan, M., Kuiry, R. & Pal, P. K. Understanding the consequence of environmental stress for accumulation of secondary 
metabolites in medicinal and aromatic plants. J. Appl. Res. Med. Aromat. Plants 2020, 100255 (2020).

 28. Mamkaa, D. P. & Gwa, V. I. Effect of Moringa oleifera and Vernonia amygdalina leaf extracts against Aspergillus flavus and Botryo-
diplodia theobromae causing rot of cowpea (Vigna unguiculata (L.) Walp) seeds. Appl. Sci. Res. Rev. 5, 1–7 (2018).

 29. Marraiki, N. Investigating the effect of aqueous medicinal leaf extracts on tomato seed quality. Biotechnol. Res. Asia 10, 843–847 
(2013).

 30. Murungu, F. S. Effects of seed priming and water potential on seed germination and emergence of wheat (Triticum aestivum L.) 
varieties in laboratory assays and in the field. Afr. J. Biotechnol. 10, 4365–4371 (2011).

 31. Olabode, O. S., Adesina, G. O., Babarinde, S. A. & Abioye, E. O. Preliminary evaluation of Tithonia diversifolia (Hemls) A. Gray 
for allelopathic effect on some selected crops under laboratory and screen house conditions. Afr. J. Plant Sci. 4, 111–113 (2010).

 32. Patanè, C., Saita, A., Tubeileh, A., Cosentino, S. L. & Cavallaro, V. Modeling seed germination of unprimed and primed seeds of 
sweet sorghum under peg-induced water stress through the hydrotime analysis. Acta. Physiol. Plant 38, 115 (2016).

 33. Radwan, A. M., Alghamdi, H. A. & Kenawy, S. K. M. Effect of Calotropis procera L. Plant extract on seeds germination and the 
growth of microorganisms. Ann. Agric. Sci. 64, 183–187 (2019).

 34. Raina, H., Soni, G., Jauhari, N., Sharma, N. & Bharadvaja, N. Phytochemical importance of medicinal plants as potential sources 
of anticancer agents. Turk. J. Bot. 38, 1027–1035 (2014).

 35. Saleem, M. S. et al. Effect of seed soaking on seed germination and growth of bitter gourd cultivars. J. Agric. Vet. Sci. 6, 7–11 (2014).
 36. Sarkar, P. K., Kumar, P. R., Singh, A. K. & Bhatt, B. P. Effect of Priming treatments on seed germination and seedling growth in 

bamboo [Dendrocalamus strictus (Roxb.) Nees]. Sheng. Tai. Xue. Bao. 40, 128–133 (2020).
 37. Sarmin, N. S. Effect of Moringa oleifera on germination and growth of Triticum aestivum. J. Biosci. Agric. Res. 2, 59–69 (2014).
 38. Sharma, P., Joshi, T., Joshi, T., Chandra, S. & Tamta, S. In Silico screening of potential antidiabetic phytochemicals from Phyllanthus 

emblica against therapeutic targets of Type 2 diabetes. J. Ethnopharmacol. 248, 112268 (2020).
 39. Sharma, A. et al. Global trends in pesticides: A looming threat and viable alternatives. Ecotoxicol. Environ. Saf. 201, 110812 (2020).
 40. Sofowora, A. Research on medicinal plants and traditional medicine in Africa. J. Altern. Complement. Med. 2, 364–372 (1996).



10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:14106  | https://doi.org/10.1038/s41598-022-18555-4

www.nature.com/scientificreports/

 41. Takshak, S. & Agrawal, S. B. Defense potential of secondary metabolites in medicinal plants under UV-B stress. J. Photochem. 
Photobiol. B 193, 51–58 (2019).

 42. Vieira, R. D., ScappaNeto, A., Bittencourt, S. R. M. D. & Panobianco, M. Electrical conductivity of the seed soaking solution and 
soybean seedling emergence. Sci. Agric. 61, 164–168 (2004).

 43. Zaynab, M. et al. Role of secondary metabolites in plant defense against pathogens. Microb. Pathog. 124, 198–202 (2018).
 44. Zhao, L. Y., Deng, X. P. & Shan, L. The response mechanism of active oxygen species removing system to drought stress. Acta Bot. 

Boreali-Occident. Sin. 25, 413–418 (2005).

Author contributions
O.B.A. conceptualized the study, designed the experiment, was involved in experimental analysis, data gathering 
and analysis, jointly wrote the original draft; M.M. was involved in experimental analysis, data gathering and 
analysis, carried out literature review and jointly wrote the original draft; I.O.E. was involved in data gathering 
and analysis, literature research and contributed to the manuscript first draft; T.D.O. carried out literature review, 
experimental analysis and reviewed the first draft; A.G.A. was involved in statistical analysis, interpretation of 
results and contributed to the manuscript first draft; O.O.O. was involved in literature search and reviewed the 
manuscript first draft. All authors approved the final draft of the manuscript before submission.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to O.B.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Growth promotion and protective potentials of leaf infusions of Parkia biglobosa, Moringa oleifera and Vernonia amygdalina on Abelmoschus esculentus seeds
	Results
	Phytochemical composition of the leaf infusions. 
	Effect of leaf infusion concentration on germinability. 
	Effect of steeping duration in the leaf infusions on germinability. 
	Protective potential of the leaf infusions. 

	Discussion
	Conclusion
	Materials and methods
	Preparation of leaf infusions. 
	Seeds preparation and experimental setup. 
	Determination of optimum concentration. 
	Determination of optimum soaking time. 
	Assessment of protective potential of the infusions. 
	Statistical analysis. 

	References


