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ABSTRACT  
Okra is an important vegetable crop which belongs to the family 
Malvaceae. Experiments were created to study the effects of 
varying concentrations of Plant Growth Regulators (PGRs) on the 
in vitro propagation of okra using seed explants. The seeds were 
cultured in vitro on Murashige and Skoog (MS) basal media 
containing 30% sucrose, 0.9% agar and different concentrations 
(0.1mg/L to 0.25mg/L) of auxin (NAA) and cytokinin (BAP) singly 
and in combination. Early germination was obtained at 0.25mg/L 
BAP and 0.25mg/L NAA. Highest height was recorded at 
0.15mg/L (12.8cm) followed by a combination of 0.25mg/L BAP 
and 0.25mg/L NAA (4.91cm). 0.15mg/L NAA followed by a 
combination of 0.25mg/L NAA and 0.25mg/L BAP and 0.1mg/L 
BAP and 0.1mg/L NAA in combination gave best vigor. Similarly, 
full strength media supplemented with 0.15mg/L NAA followed by 
0.25mg/L BAP and 0.25mg/L NAA and 0.1mg/L BAP and 0.1mg/L 
NAA in combination gave the highest number of leaves. Similarly, 
0.1mg/L NAA and a combination treatments of 0.1mg/L BAP and 
0.1mg/L NAA with 0.25mg/L BAP and 0.25mg/L NAA gave the 
best percentage germination at 25%. Results of Analysis Of 
Variance (ANOVA) indicated significant differences among the 
treatments compared with the control which did not respond p < 
0.05. The protocol developed in this present study can be used 
for large scale seedling formation and biomass production of okra. 
It can also be used to obtain sterile and uniform materials for 
various in vitro studies for the improvement of okra.  
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INTRODUCTION 
Okra (Abelmoschus esculentus L.) belongs to the family 
Malvaceae (Thompson and Kelly, 1957). It is ubiquitous in 
distribution and grown in all parts of the tropics during summer in 
the warmer parts of the temperate regions (Baloch, 1994). 
Presently, okra is grown in an area of around 0.78 million 
hectares world-wide with an annual production of 4.9 million 
metric tonnes in the year 2005 (Singh, 1990; FAO Statistical 
Database, 2005). It is a good source of vitamin A and vitamin C. It 
is low in calories and is fat free. It has also considerable medicinal 
and industrial value (Kirtiker and Basu, 1984). It is diploid with 2n 
= 130 chromosomes, semi woody, fibrous, herbaceous annual 
crop with an indeterminate growth habit. The plant form a deeply 
penetrating taproot with dense shallow feeder roots reaching out 
in all directions in the upper 45 cm of the soil. The leaves are 
heart-shaped and tri or penta lobed, flowers are yellow with a 
crimson centre. The fruit or pod is tapering and hairy at the base, 
10-25 cm in length that contains numerous oval dark coloured 
seeds, and only the tender unripe fruits are eaten. The seeds are 

dicotyledonous and kidney shaped exhibiting an epigeal type of 
germination (Nonnecke, 1989). The fruit is useful in curing ulcers, 
haemorrhoids, gonorrhoea and irritation of the urinary genital 
system (Kirtikar and Basu, 1984). Therefore, it is necessary to 
develop an effective regeneration protocol by a range of different 
techniques to widen the possibilities for the development of 
transgenic lines or somaclonal variants of different cultivars 
(Chopra et al., 1986). 
Processes of plant growth require the action and cross talk of 
phytohormones such as auxins and cytokinins (Bajguz and 
Piotrowska, 2009). By setting phytohormone concentration in the 
medium, differences in amount, rate and growth patterns of 
explants can be observed (Pierik, 1987). Many members of the 
Malvaceae have been rather recalcitrant due to poor seed 
germination, endogenous fungal and bacterial contamination and 
low viability of seeds (Salunke et al., 1988). 
Ethylene, a naturally occurring substance, is one of the first plant 
growth regulators being discovered and used successfully for 
enhancing flower production in pineapple. Synthetic substances 
that mimic such naturally occurring plant hormones are also 
produced, since then the use of plant growth regulators has been 
growing significantly and becoming a major component in modern 
agriculture (Fishel, 2006). 
Plant tissue culture techniques have been widely used for micro 
propagation of plants since the early demonstration of cellular 
totipotency and differentiation in vitro (Murashige 1974). In vitro 
culture of okra will produce a large number of genetically identical 
individuals as well as a rapid propagation of this important 
horticultural crop. (Vasil and Vasil, 1972; Thorpe, 2007). This 
technique can also be implored in the conservation of germplasm 
of rare species of okra plant that are not common in Nigeria 
(Dhankar et al., 2013). The improvement of the micro-propagation 
system for this species could be important for its commercial 
production (Vargas et al., 2004).A few previous works have been 
done in vitro for okra (Haider et al., 1993; Ganesan et al., 2007). 
The ability to regenerate okra plants in vitro would permit the  
The aim of this work is to study the effects of varying 
concentrations of BAP and NAA Plant Growth Regulators (PGRs) 
on the in vitro propagation of okra. 
 
MATERIALS AND METHODS 
 
Study Area 
The experiments were conducted in the Biotechnology Laboratory 
of Plant Science Department, Ahmadu Bello University, Zaria, 
located on latitude 11o11 N and longitude 07o38E, altitude 670m 
above mean sea level, 640km from the Atlantic shores of Nigeria 
in the south and transported to the Post Graduate (PG) laboratory 
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of Biological Science Department, Kaduna State University 
(KASU) located on Latitude10.520 N and 7.440 E Longitude, 
614m elevation above sea level, Tafawa Balewa way, Kaduna 
metropolis, Kaduna, Nigeria for observation and data recording. 
 
Source of Explants 
Seeds of Okra (Abelmoschus esculentus L.) were collected from 
Kaduna central market, Kaduna State, Nigeria within the northern 
Guinea Savanna. 
Experimental design 
Experiment was carried out using Completely Randomize Design 
(CRD). Individually each experiment was replicated 2 times. 
 
Sterilization of explants 
i. All the seeds explants were soaked in hot water 

respectively for 2 minutes before they were surface 
sterilized. 

ii. Seeds were washed outside the laminar flow hood with 
household detergent and rinsed with running tap water. 

iii. Seeds were washed again with detergent and rinsed with 
double distilled water in laminar flow hood.  

iv. Seeds were poured again into 70% ethanol for 3minutes 
and rinsed with double distilled water. 

v. Seeds were then soaked in 30% sodium hypochlorite for 
10 minutes. After this treatment, the seeds were rinsed 5 
times in sterile distilled water to make free the seeds from 
sodium hypochlorite. 

vi. Sterilized seeds were then subjected to aseptic conditions 
so as to germinate in bama (media) bottles containing 
50ml full strength MS (Murashige and Skoog, 1962) basal 
media (Hamish and Sue, 1998). 

 
Preparation of MS basal medium 
i. The MS basal medium was made up of 100ml macronutrients, 
1ml micronutrients, 1ml iron source, 1ml Potassium iodide and 
10ml vitamins added into 2L beaker containing 200ml of distilled 
water and a magnetic stirrer dropped in it. 
ii. Thirty gram (30g) sucrose, 0.1g myo-inositol and 1ml of glycine 
(0.01g glycine in 5 ml of distilled water) were added and then 
stirred until dissolved fully. Plant Growth Regulators i.e. Auxin 
(NAA) and Cytokinin (BAP) were also added first singly and then 
in combination as per required with one hormone free media as 
control. 
iii. The volume was made up to approximately 1000ml with 
distilled water in a 1L measuring cylinder then poured back into 
the 2L beaker. The pH was adjusted to 5.70±0.1 with 1N NaOH 
or HCl using the pH meter. 
iv. Nine grams (9g) of agar was added to the 1000ml prepared 
MS basal media followed by 0.25g of grinded antibiotic and stirred 
for complete mixing. Then it was heated in a microwave oven (Hot 
plate improvised) to dissolve the agar. 
v. Approximately 50 ml of the medium was distributed to each 
sterile media (Bama) bottle. The bottles were labelled based on 
hormone type and concentration before autoclaving. 
vi. The culture medium was autoclaved for 1 hr at 121°C and 
15Psi (Villamor, 2010). 
 
Inoculation of explants 
Sterilized seeds were inoculated aseptically into the media 
prepared under the laminar flow hood. The fan of the laminar flow 
hood was put on and sterilized air was made to flow in the hood 

sucking up dust in the air around and preventing it from falling into 
the media which could lead to media contamination. Spirit lamp 
was lit and the opening of each media bottle was sterilized by 
passing it over the fire of the lamp to destroy bacteria which could 
facilitate contamination. The sterilized forceps was used and four 
seeds were inoculated into each bottle (Patience, 2010). 
 
Incubation 
Cultured bottle containing inoculated explants were kept first in 
the dark for 3days then each cultured bottle was kept in the 
growth chamber at 25±2ºC under fluorescent light and then 
monitored for germination and growth. 
 
OBSERVATION AND COLLECTION OF DATA 
After incubation, the following parameters were studied and 
recorded. 
 
Parameters Studied 
Germination was considered complete once radicle was visible. 
The following parameters were studied. 
i. Days to explants germination was determined by observing the 
number of days to the commencement of germination after 
inoculation of the explants. 
ii. Percentage germination (PG) was determined using; 

𝑃𝐺 =
No.  of seeds germinated per treanttment

No.of seeds innoculated in same treatment
  ͯ 100 

(Raun et. al., 2002). 
 
iii. Seedling vigor was determined based on morphological 
appearance and seedling emergence adopting the procedure of 
(Gibson, 1980). A scale of 01-5 where  
1 = Excellent vigor 
2 = Very good 
3 = Good 
4 = Fair 
5 = Very poor vigor. 
iv. Number of leaves was determined by counting. 
v. Seedling height (SH) and Root length (RL) were determined by 
spreading a thread against the length of a seedling and root after 
which it was placed on a ruler to get height and length of seedling 
and root (Tahir et. al., 2013). 
 
DATA ANALYSIS 
Data generated from the study was analyzed using Analysis of 
Variance (ANOVA). To further test for significant difference, the 
data was subjected to Duncan Multiple Range Test (DMRT) using 
SAS V9.2 statistical package. Least Significant Difference (LSD) 
was also used to compare treatment means at (P ˂ 0.05) as 
adopted by (Tahir et al., 2011) 
 
RESULTS 
Media supplemented with NAA showed rapid growth with thin 
strong stems and numerous adventitious roots within 29 days of 
incubation while media supplemented with BAP showed gradual 
growth with thick stems but no adventitious roots (Plates 1-5). 
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Plate 1: Nine (9) weeks old Okra plantlets in a rooting media 
(0.15mg/L of NAA ) 
 

 
  Plate 2: Adventitious rooting in nine (9) weeks old Okra 
(0.15mg/L of NAA) 
 
 

 
Plate 3: Rooting in nine (9) weeks old Okra (0.15mg/L of BAP) 
 
Media supplemented with combined treatments of BAP and NAA 
showed gradual growth similar to that seen in media 
supplemented with single treatment of BAP within 29days (Plates 
10, 17). 
 

 
Plate 4: Nine (9) weeks old Okra plantlets in a combined BAP 
and NAA media (0.1mg/L *0.1mg/L) 
 
Hormone free media (Control) and media with NAA single 
treatments showed similar growth appearance, similar nature of 
stems, roots and leaves (Plates 5, 6). 
 
 

 
Plate 5: Nine (9) weeks old Okra in a hormone free media 
(Control) 
 
Media supplemented with NAA at concentration of 0.25mg/L 
showed no significant difference in Days to germination, Number 
of leaves, Percentage germination, Vigor, Seedling height and 
Root length when compared with the control at P ˂ 0.05. 
Significant differences was seen in Days to germination and 
Percentage germination in media supplemented with 0.1mg/L 
NAA, in Days to germination, number of leaves, percentage 
germination and root length in media supplemented with 
0.15mg/L and only in percentage germination in media 
supplemented with 2.0mg/L NAA when compared with the control 
at P ˂ 0.05(Table 3). 
 
Table 3: The Effects of Varying Concentrations of NAA on the in 
vitro Regeneration of Okra 

 
Key: DG - Days to germination, VG - Vigor, NL - Number of 
leaves, PG - Percentage germination, SH - Seedling height, RL - 
Root length 
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Data were collected after 19days of culture on MS media 
supplemented with different concentration of NAA; Values are 
given as mean ± standard error (SE) from two replicated 
experiments. And those followed by a different letter within a 
column are significantly different at P ˂ 0.05 
However, media supplemented with 0.1mg/L, 0.15mg/L, 0.2mg/L, 
0.25mg/L BAP showed no significant difference in days to 
germination, vigor, number of leaves, percentage germination, 
seedling height and root length when compared with the control 
treatment at P ˂ 0.05. The P values of each parameter treated 
with varying concentrations of BAP were greater than P ˂ 0.05 
(Table 4). 
 
Table 4: The effects of varying concentrations of BAP on the in 
vitro propagation of okra 

 
Key: DG - Days to germination, VG - Vigor, NL - Number of 
leaves, PG - Percentage germination, SH - Seedling height, RL - 
Root length. 
Data were collected after 19days of culture on MS media 
supplemented with different concentration of NAA; Values are 
given as mean ± standard error (SE) from two replicated 
experiments. And those followed by a different letter within a 
column are significantly different at P ˂ 0.05 according to Duncan 
Multiple Range Test. 
 
BAP and NAA single treatment on days to germination 
The control showed early germination (about 1day) followed by 
media treated with 0.25mg/L of both NAA and BAP. Media treated 
with0.1mg/L, 0.15mg/L NAA and media supplemented with 
0.1mg/L, 0.15mg/L showed late germination of okra (Fig. I). 
 

 
Figure I: Effects of BAP and NAA added singly on days to 
germination 
Key: BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic 
Acid 
PGRs = Plant Growth Regulators 
 
BAP and NAA single treatment on vigor  
Best vigor was seen in media treated with 0.15 mg/L NAA. Media 
supplemented with 0.1mg/L NAA and 0.2mg/L BAP gave a good 

appearance also followed by media treated with 0.2mg/L and 
0.1mg/L BAP (Fig. II). 

 
Figure II: Effects of BAP and NAA added singly on vigor 
BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic Acid. 
PGRs = Plant Growth Regulators 
 
BAP and NAA single treatment on number of leaves 
Media treated with 0.15mg/L NAA gave the highest number of 
leaves and branches followed by media supplemented with 
0.25mg/L NAA, 0.1mg/L and 0.15mg/L BAP (Fig. III). 

 
Figure III: Effects of BAP and NAA added singly on number of 
leaves 
BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic Acid. 
PGRs = Plant Growth Regulators 
 
BAP and NAA single treatment on percentage germination 
Percentage germination of 25% was seen in media treated with 
0.1mg/L NAA followed by media treated with 0.15mg/L BAP and 
NAA (22%) followed by media treated with 0.1mg/L BAP (15%) 
(Fig IV). 

 
Figure IV: Effects of BAP and NAA added singly on Percentage 
Germination. 
BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic Acid.  
PGRs = Plant Growth Regulators 
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BAP and NAA single treatment on seedling height (SH) 
Media supplemented with 0.15mg/L NAA gave better 
performance (12.8cm). Media treated with 0.10mg/L BAP had 
same performance with the control media (Fig. V). 
 

 
Figure V: Effects of BAP and NAA added singly on seedling 
height. 
BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic Acid. 
PGRs = Plant Growth Regulators 
 
BAP and NAA single treatment on root length  
Media treated with 0.15mg/L NAA gave a better performance in 
root length (6.5cm) than the control media which are hormone 
free media (Fig. VI). 

 
Figure VI: Effects of BAP and NAA added singly on root length. 
Key: BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic 
Acid. PGRs = Plant Growth Regulators 
 
Media treated with 0.15mg/L + 0.15mg/L (BAP and NAA in 
combination) showed no significant difference in days to 
germination, vigor, number of leaves, percentage germination and 
seedling height when compared with the control treatment at P ˂ 
0.05. Media treated with 0.1mg/L + 0.1mg/L showed significant 
differences in days to germination, number of leaves, percentage 
germination and root length when compared with the control 
treatment at P ˂ 0.05. Media supplemented with 0.2mg/L + 
0.2mg/L was significantly different days to germination and 
percentage germination when compared with the control 
treatment at P ˂ 0.05. Media treated with 0.25mg/L + 0.25mg/L 
showed significant difference in days to germination, vigor, and 
number of leaves, percentage germination and root length in 
comparison with the control treatment at P ˂ 0.05 (Table 5). 
 
 
 
 
 

Table 5: The Effects of Varying Concentrations of NAA and BAP 
on the in vitro propagation of Okra 

 
Key: DG - Days to germination, VG – Vigor, NL - Number of 
leaves, PG - Percentage germination, SH - Seedling height, RL - 
Root length. 
 
Data were collected after 19days of culture on MS media 
supplemented with different concentration of NAA; Values are 
given as mean ± standard error (SE) from two replicated 
experiments. And those followed by a different letter within a 
column are significantly different at P ˂ 0.05 according to Duncan 
Multiple Range Test. 
 
BAP and NAA combined treatment on days to germination 
(DG) 
Early germination was observed in the control media followed by 
media treated with 0.15 mg/L + 0.15 mg/L BAP and NAA 
combined treatment (1 day). Late germination was observed in 
media supplemented with 0.25 mg/L + 0.25 mg/L BAP and NAA 
combined treatment (Fig. VII). 
 

 
Figure VII: Showing the effects of combined treatment of BAP 
and NAA on days to germination.  
Key: BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic 
Acid.  PGRs = Plant Growth Regulators 
 
BAP and NAA combined treatment on vigor 
Best vigor was seen in media treated with 0.1mg/L + 0.1mg/L 
BAP and NAA combined treatment followed by media treated with 
0.25mg/L + 0.25mg/L combined treatment. Poor vigor was 
observed in media supplemented with 0.15mg/L + 0.15mg/L BAP 
and NAA combined treatment followed by 0.20mg/L + 0.20mg/L 
BAP and NAA combined treatment at P < 0.05 (Fig. VIII). 
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Figure VIII: Effects of combined treatment of BAP and NAA on 
Vigor. 
Key: BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic 
Acid. PGRs = Plant Growth Regulators 
 
BAP and NAA combined treatment on number of leaves  
Highest number of leaves was obtained in media supplemented 
with 0.25mg/L + 0.25mg/L BAP and NAA combined treatment 
followed by media supplemented with 0.1mg/L + 0.1mg/L BAP 
and NAA combined treatment (Fig. IX). 

 
Figure IX: Showing the effects of combined treatment of BAP and 
NAA on number of leaves/ 
Key: BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic 
Acid. PGRs = Plant Growth Regulators 
 
BAP and NAA combined treatment on percentage 
germination 
Media supplemented with BAP and NAA combined treatment at a 
concentration of 0.25mg/L + 0.25mg/L, 0.1mg/L + 0.1mg/L 
showed very good performance. Least performance was 
observed in media treated with BAP and NAA combined 
treatment at 0.15mg/L + 0.15mg/L concentration (Fig. X). 

 
Figure X: Effects of combined treatment of BAP and NAA on 
percentage germination/ 

Key: BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic 
Acid. PGRs = Plant Growth Regulators 
 
BAP and NAA combined treatment on seedling height 
In media supplemented with 0.25mg/L + 0.25mg/L and 0.1mg/L + 
0.1mg/L BAP and NAA combined treatment, best performance 
was obtained at P < 0.05 in comparison with the MS control 
media (Fig. XI). 

 
Figure XI: Effects of combined treatment of BAP and NAA on 
seedling height. 
Key: BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic 
Acid. PGRs = Plant Growth Regulators 
 
BAP and NAA combined treatment on root length (RL) 
Media treated with 0.1mg/L + 0.1mg/L BAP and NAA combined 
treatment performed better followed by media supplemented with 
0.25mg/L + 0.25mg/L BAP and NAA combined treatment in 
comparison with the control at P < 0.05 Poor rooting was 
observed in media treated with 0.15mg/L equal concentrations of 
BAP and NAA (Fig. XII). 
 

 
Figure XII: Effects of combined treatment of BAP and NAA on 
root length. 
Key: BAP= 6-BenzylAminoPurine. NAA= 1-NaphthaleneAcetic 
Acid. PGRs = Plant Growth Regulators 
 
DISCUSSION 
 
Days to germination 
Seedling emergence was observed at most 3days after incubation 
in both single and combined treatments of BAP and NAA in 
relation to the control. However early germination was observed 
in control media followed by media treated with 0.25mg/L of both 
NAA and BAP in single treatments and 0.15mg/L + 0.15mg/L BAP 
and NAA combined treatments. Similar results were obtained in 
the work of Umar (2015) and Samaila (2015) on the effects of 
cytokinins and auxins on the in vitro regeneration of Vigna 
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ungulata and Sorghum bicolor. They recorded 3days as the 
highest number of days taken for all treatments including the 
control also to germinate. Kalimuthu et al., (2007) reported that 
MS medium supplemented with certain concentrations of plant 
growth regulators influenced seed germination. In the present 
study, NAA (0.20mg/L and 0.25mg/L) enhanced early germination 
of the okra seeds in 1.50±0.56a and 1.25±0.54a days.  
Auxins at a very low concentration promote germination but these 
effects are subjected to variation depending upon form and 
species of plant as in this present study; okra. Similarly, the 
cytokinin (BAP) positively influenced the physiological response of 
the seed germination as reported by (Thomas, 1989; Syed, 2001). 
BAP at 0.20mg/L and 0.25mg/L also increased germination in 
1.33±0.54a and 1.75±0.67a days but is less efficient than that 
observed in auxin (Someswar and Bikramjit, 2014). All seeds 
responded to treatments when kept under the light although 
germination commenced when the treatments were kept in the 
dark for 3days. Similar result was obtained by Jamaleddine et al. 
(2011) who reported that seeds of A. annua germinated after 
exposure to dark.  
 
Vigor 
The best vigor was recorded in media supplemented with 
0.15mg/L NAA and 0.1mg/L + 0.1mg/L combined treatments of 
BAP and NAA followed by 0.25mg/L + 0.25mg/L combined 
treatment of BAP and NAA, 0.2mg/L of BAP and 0.1mg/L of NAA. 
This is contrary to the findings of Umar, (2015) who recorded best 
vigor in the MS control media followed by media treated with 
combined treatments of 2, 4-D and NAA (Auxins). Cytokinins such 
as BAP were observed to influence a diversity of responses when 
applied to plant tissues, or organs. Consequently, it has been 
used for the induction of organogenesis in several plants 
(Baskaran and Jayabalan, 2005). The BAP enhanced lateral bud 
growth by promoting cell division in shoot meristems, influencing 
the development of vascular tissues, promoting the development 
of shoots from tissues cultured that are undifferentiated (Graham, 
et al., 2006). It was also reported to influence a multitude of 
morphological and physiological processes, including cell division 
and elongation, and the morphological appearance of cultured 
tissues. (Syed, 2001; Thomas, 1989). 
 
Number of leaves 
Maximum number of leaves was recorded in media augmented 
with 0.15mg/L NAA and 0.25mg/L + 0.25mg/L combined 
treatments of BAP and NAA followed by 0.1mg/L + 0.1mg/L 
combined treatments of BAP and NAA. This present study 
indicates that at a very low concentration, NAA stimulates cell 
elongation, growth and development responses. Auxin response 
is related to a concentration, which is normally extremely low 
thus, the endogenous level of auxin is important in determining 
the course of development. A high concentration is inhibitory, 
while a low concentration is stimulatory, and both are important 
(Syed, 2001). This agrees with the findings of Paulos et. al. 
(2013) who recorded that media supplemented with low 
concentration of NAA (0.15mg/L) and in a combined treatment of 
BAP and NAA gave maximum number of leaves in his work on 
the effects of PGRs on in vitro shoot and proliferation of Musa 
paradisiaca. 
 
Percentage germination 
Best performance was seen in media supplemented with 0.1mg/L 

NAA and 0.1mg/L + 0.1mg/L, 0.25mg/L + 0.25mg/L BAP and NAA 
combined treatment with 25% germination than the rest of the 
concentrations. Although media treated with NAA alone at a very 
low concentration also produced a percentage germination of 
25% confirms the role of NAA in seed germination. The present 
study showed that the early germination (3days) and high 
percentage germination (25%) observed is attributed to the 
combined effects of equal concentrations of BAP and NAA in 
stimulating early seed germination. Both phytohormones are 
important in in vitro propagation. Thus, this agrees with the 
findings of Ezeibekwe et al., (2009) who recorded that the 
endogenous contents of these two hormones are low in D. 
rotundata, hence their combination complements each other. 
 
Seedling Height 
Highest height of seedling was seen in media supplemented with 
0.15mg/L NAA single treatment (12.8 cm) followed by 0.25mg/L + 
0.25mg/L combined treatments of BAP and NAA (4.74 cm). The 
control MS media showed similar growth as that seen in media 
treated with 0.15mg/L NAA (Table 1) although it differs in times of 
height. This result identifies the role of auxin in stimulating cell 
elongation, growth and development thus controlling seedling 
orientation. Plant growth regulators are applied exogenously to 
produce a variety of growth effects because endogenous 
hormones are usually at sub optimal levels as low as 1µMin plant 
tissues (Pessarakli, 2002). This is contrary to the findings of 
Gonzalez et al. (2014) who recorded that the highest growth was 
observed in hormone free media for Crytochilum loxense but is in 
concord with the work of Samaila (2015) on the effects on NAA, 
KIN and 2, 4-D on the in vitro micro propagation of Sorghum 
bicolor, the work of Ezeibekwe et al., (20009) who recorded that 
MS media supplemented with a very low concentration of 0.5mg/L 
NAA in single treatment was optimal for production of higher fresh 
weight compared to other treatments on the in vitro propagation of 
Discorea rotundata. 
 
Root Length 
Highest root length was seen in media treated with 0.15mg/L NAA 
single treatment (6.28 cm) followed by media supplemented with 
0.1mg/L + 0.1mg/L BAP and NAA combined treatments (3.18cm) 
and 0.25mg/L + 0.25mg/L combined BAP and NAA treatments 
(2.81 cm). The present study showed that a very low 
concentration of NAA coupled with the presence of an 
endogenous auxin in the okra plant initiated organogenesis 
leading to the formation of roots in the okra plant. The result of 
this study illustrates the importance of auxins in promoting 
rooting. According to Sandhu et al., (1989), root formation is 
induced more effectively than by other plant growth regulators 
including cytokinins. Because auxin moves basipolarly, it was 
logical to believe that root formation at the basal end is a 
consequence of the movement of auxin to the lower tissues by 
gravity (Tamas, 1987). 
 Auxin as a chemical stimulates cell elongation and influence a 
wide range of growth and development response. This is contrary 
to the findings of Bakrim et al., (2007) who recorded that NAA 
inhibited root elongation for tomato (Lycopersicum esculentum).  
The combined treatments of BAP and NAA in equal 
concentrations gave a relatively lesser length of roots which 
indicates that the effect of one hormone (BAP) inhibits the effect 
of the other (NAA) in root formation. Both auxin and cytokinin 
interact in a complex manner to control many aspects of growth 
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and differentiation. Cato et al., (2013) reported that the two plant 
hormones act synergistically to regulate cell division, and 
antagonistically to control lateral bud or root outgrowth. The 
manipulation of cytokinin levels in plants by exogenous 
application results in more auxin. 
 
Conclusion  
The media augmented with NAA (0.15mg/L) in single treatment 
had the best performance on the days to germination, vigour, 
number of leaves percentage germination, seedling height and 
root length compared to the other treatments and the control It 
can be used to obtain sterile and uniform starting material for 
various in vitro studies. Further research should be carried out in 
investigating the effects of other exogenous hormones on the in 
vitro propagation of okra. Similarly, endogenous hormones should 
be extracted from plants and used to investigate their effects on 
the in vitro propagation of okra and other plants. 
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