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ABSTRACT 

The study was undertaken to determine the effect of 2,4-dichlorophenoxyacetic acid (2,4-D), Kinetin and 6-

Benzyl amino purine (BAP), when used to supplement Murashige and Skoog (MS) medium either alone or in 

combination on Dioscoreophyllum cumminsii (Stapf) Diels cotyledon explant. From the results obtained, 

only callogenesis was induced. Significant (p ≤ 0.05) differences were attributed to the varying 

concentrations and combinations of the growth regulators used to supplement the basal MS media. 

Generally, the nature of callus was either friable or compact. Colours of the callus ranged from white, milky 

to brown. In combining growth regulators, the highest callus intensity was obtained in the media 

supplemented with 2.5 mg/l 2,4-D+1.5 mg/l Kinetin and in cultures containing 2.5 mg/l 2,4-D+2 mg/l BAP. 

MS media supplemented with 2.5, 10 and 2.5 mg/l 2,4-D+1.5 mg/l BAP were optimal for early callogenesis. 

The results obtained in this study suggest that synergistic effect of 2,4-D+kinetin and 2,4-D+BAP only 

resulted in callogenesis.  
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1.0 INTRODUCTION 

The field of plant tissue culture is based on the idea that plants can be separated into their component 

parts (organs, tissues or cells), which can be manipulated in vitro and then grown back into complete plants 

(Caponetti et al., 2005). Plant tissue culture is the science of growing plant cells, tissues or organs isolated 

from the mother plant, on artificial media (George, 2008). Plant tissue culture medium contains all the 

nutrients required for the normal growth and development of plants. It is mainly composed of 

macronutrients, micronutrients, vitamins, other organic components, plant growth regulators, carbon source 

and some gelling agents in case of solid medium (Murashige and Skoog, 1962). The role of plant growth 

regulators (phytohormones) in tissue culture procedures cannot be over-emphasized. Regulation of 

developmental processes in plant tissue culture generally requires the addition of plant growth regulators 

(PGRs) to the medium. PGRs have multiple roles in tissue culture, according to their chemical structure, 

their concentration, and the plant tissue being affected (Gaba, 2005; Shittu and Mgbeze, 2012; Isikhuemen, 

2015). Among the five major groups of PGRs, auxins and cytokinins are by far the most important for 

regulating growth and morphogenesis in plant tissue and organ cultures (Machakova et al., 2008). Auxins 

generally stimulate cell elongation, cell division in cambium tissue, and together with cytokinins, stimulate 

differentiation of phloem and xylem (Gaba, 2005). Cytokinins cause cell division; such cell division can 

lead to shoot regeneration in vitro, by stimulating the formation of shoot apical meristems and subsequently, 

shoot buds. The cell division caused by cytokinins can also produce undifferentiated callus (Gaba, 2005). 

Auxins promote, mainly in combination with cytokinins, the growth of calli, cell suspensions and organs, 

and also regulate the direction of morphogenesis (Machakova et al., 2008; Dubey, 2010). It was clearly 

documented that auxin may regulate cytokinin level and metabolism and vice versa (Nordström et al., 2004). 

The most widely used auxins are IAA (Indole-3-acetic acid), NAA (Napthalene acetic acid), 2,4-D (2,4-

Dichlorophenoxyacetic acid), IBA (Indole butyric acid). Cytokinins that have found wide application in 

tissue culture procedure include kinetin, zeatin and BAP (6-Benzyl amino purine) (Dubey, 2010). 

Dioscoreophyllum cumminsii (Stapf) Diels (Serendipity berry), a member of the Menispermaceae 

(Moonseed Family), is a dioecious, semelparous annual liana found as a late succesional, understorey 

species in West African semi-deciduous forest (Obioh and Isichei, 2007). This plant is of utmost importance 

because it has been found to have some unique traits. It is a potential source of non-carbohydrate sweetener 

because of the constituent active ingredient known as monellin, which is 3000 times sweeter than sugar and 

is useful in low calorie diets for diabetics and dieters, combating tooth decay and as a protein sweetener in 

food and food industry (Holloway, 1977).  D. cumminsii also has medicinal values: the tubers, stems, and 

leaves are used in indigenous medicine (Irvine, 1961; Inglett, 1981). For example, they are used as poultice 

on sprains and bruises and also as a dressing for fractures. The vitamin C content of D. cumminsii is higher 

than the vitamin C of local orange, watermelon and banana (Tee et al., 1988). This indicates that the fruit is 

beneficial to human health and could be substituted for citrus fruits (Abiodun and Akinoso, 2014). Existing 

literature on Nigeria Flora reveals that D. cumminsii is presently rare (Obioh and Isichei, 2007). Cultivation 

and mass propagation of D. cumminsii have been difficult due to problems associated with seed dormancy 

(Holloway, 1977; Okoro, 1980). In natural habitats, seeds take about 4 - 7 months to germinate (Adansi and 

Holloway, 1977; Okoro, 1976). In vitro multiplication and vegetative propagation via tissue culture have 

been successfully applied for the production of other plants within the family Menispermaceae. Little has 

been done to understand the response of D. cumminsii to in vitro culture and the various conditions that 

would lead to organogenesis and eventual micropropagation of the plant (Oselebe and Ene-Obong, 2007). 

Presently, work has been done on in vitro culture of stem explants of D. cumminsii, but not on the seed 

explants. This study investigated the effect of 2,4-D, kinetin and BAP on induction of callus generated from 

Dioscoreophyllum cumminsii cotyledon explant. 
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2.0  MATERIALS AND METHODS 

2.1 Plant materials 

Fruit samples of Dioscoreophyllum cumminsii were collected from the Palmetum (Lat.06º33¹38.9”N and 

Long.005º36¹52.3”E), 149 m above sea level and Cattle yard areas (Lat.06º33¹11”N and 

Long.005º36¹32.9”), 137 m above sea level, of the Nigerian Institute for Oil Palm Research (NIFOR), Edo 

State. 

 

2.2 Culture medium preparation  

The facilities of the Plant Tissue Culture Laboratory of the Nigerian Institute for Oil Palm Research 

(NIFOR), Benin City, Edo State were used in conducting this study. Murashige and Skoog (MS) medium 

(1962) was prepared. Phytohormones were added to the medium; pH was adjusted to 5.8 and properly 

dispensed into Mc-Cartney bottles and test tubes. These were covered with foil paper and sterilized by 

autoclaving at 121ºC, 15 psi for 30 minutes. After autoclaving, the media were taken to the cooling room 

and allowed to cool. 

Two 5×5 factorial experiment was set up to determine the effect of 2,4-D in five concentrations (0, 2.5, 5, 

7.5, 10 mg/l)  in combination with BAP or Kinetin, both in five concentrations (0, 0.5, 1, 1.5, 2 mg/l) to give 

twenty-five 2.4-D × Kinetin combinations and twenty-five 2,4-D × BAP combinations. Four replicates were 

prepared for each medium. 

 

2.3 Sterilization and inoculation of explant 

D. cumminsii fruits were surface sterilized by rinsing thoroughly with 3.5 % sodium hypochlorite, followed 

by distilled water to remove any trace of debris from the field and covered with foil paper. The fruits were 

then transferred to the Laminar flow hood where the mesocarp were removed and the seeds were sterilized 

using 3.5 % sodium hypochlorite and tween 20 for 1 min. Sterile distilled water was used to rinse the 

sterilant 3 to 4 times, to prevent damage to the cells of the explants.  After sterilization, the seeds were 

placed on a petri dish using a sterile forceps and dissected into 2 to 4 parts with a surgical blade. Sterilized 

explants were then inoculated on the surface of the semi-solid MS medium. All these procedures were 

carried out in a laminar flow hood.  

 

2.4 Incubation of culture 

The established in vitro cultures were incubated in the dark growth room at 25±2 ºC, 50 to 60 % relative 

humidity until emergence of shoot or root, after which they were transferred to the light growth room at 

25±2 ºC, 50 to 60% relative humidity with 16 hours of photoperiod (i.e. light and dark regime was created 

artificially in growth room). 

 

2.5 Maintenance of in vitro culture 

The in vitro cultures were maintained by sub culturing of explants or callus into a fresh MS medium with 

hormonal supplementation four weeks after culture initiation to avoid accumulation of toxic metabolites and 

the exhaustion of the  medium. 

 

2.6 Statistical data analysis  

The Statistical tool used for the analysis was Genstat Statistical Package (12
th

 Edition). Measurable variables 

were tested for significance with analysis of variance (ANOVA) procedure of a completely randomized 

design. The treatment mean comparison and all pair wise comparison were done using Student Newman 

Keul’s Test (SNKT) at 5 % significant level.  
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3.0 RESULTS 

When 2,4-D alone was used in media supplementation of D. cumminsii cotyledon cultures,  the 

callogenesis response, average time of response, estimated mean callus weight, nature,  colour and intensity 

of the callus generated are shown in Table 1. The prevalent colours of calli were white and brown. The 

nature of the calli obtained was friable. Generally, calli was generated between 15 to 30 days after culture 

initiation (dci). The earliest time of callogenesis was 15 dci attributed to the medium containing 7.5 mg/l of 

2, 4-D. The highest callus intensity was in the medium supplemented with 10 mg/l of 2,4-D, which had 

estimated mean callus weight of 0.26 g. The results of the callus generated when cotyledons of D. cumminsii 

were cultured in MS medium, supplemented with Kinetin alone are presented in Table 2. The earliest time 

of callogenesis (28 dci) was observed in the media containing 1.0 mg/l and 2.0 mg/l of Kinetin. The nature 

of calli was friable and compact. The highest callus intensity (0.24 g) was in the medium containing 1.0 mg/l 

of Kinetin. The effect of BAP alone in MS media supplementation (Table 3), indicated that the prevalent 

colours of calli were white and milky. The nature of the calli obtained was friable. Callus was generated 

between 27 to 33 dci. The earliest time of callogenesis and highest callus intensity was in the medium 

supplemented with 1.0 mg/l of BAP, which had estimated mean callus weight of 0.24 g.  

Table 4 presents the results obtained for the measured variables when 2,4-D and Kinetin were 

combined in media supplementation. Callus was formed at 2.5 and 10 mg/l 2,4-D in combination with 0.5 

mg/l of Kinetin within 20 dci and the estimated mean weight of callus was between 0.11 to 0.24 g. At 2.5 

mg/l 2,4-D+1 mg/l Kinetin, callus was induced within 22 dci and the estimated mean weight was 0.21 g. 

Callus was also formed at 2.5 and 10 mg/l 2,4-D + 1.5 mg/l Kinetin between 20 to 36 dci (Plate 1, lower 

panel); estimated mean callus weight is between 0.21 g to 0.38 g. The earliest time of callogenesis was 20 

dci, which was in the medium supplemented with 10 mg/l 2,4-D+0.5 mg/l kinetin and 2.5 mg/l 2,4-D+1.5 

mg/l kinetin. The highest callus fresh weight was obtained at 2.5 mg/l 2,4-D+1.5 mg/l Kinetin. 

The results of the callus induced when cotyledons of D. cumminsii were cultured in MS medium, 

supplemented with 2,4-D and BAP are presented in Table 5. The predominant nature of calli was friable and 

compact. The main colours were brown with few having the white colour. At 2.5, 7.5 mg/l 2,4-D+0.5 mg/l 

BAP and 10 mg/l 2,4-D+0.5 mg/l BAP, callus was formed between 15 to 33 dci and the estimated mean 

callus weight was between 0.11 to 0.23 g. At only 7.5 mg/l 2,4-D + 1 mg/l BAP callus formation was within 

33 dci and mean weight of callus was 0.18 g (Plate 1, upper panel). Callus formation was also between 2.5 

to 7.5mg/l 2,4-D+1.5mg/l of BAP, between 15 to 23 dci and mean callus weight was between 0.20 to 0.46 g. 

At 2.5 mg/l 2,4-D+2 mg/l BAP and 7.5 mg/l 2,4-D+2 mg/l BAP, callus formation was within 29 dci and the 

mean weight of callus was between 0.37 to 0.47 g. The highest callus intensity (0.47 g) was attributed to the 

medium supplemented with 2.5 mg/l 2,4-D+2 mg/l BAP.  
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Table 1:  Effect of 2,4-D alone in MS media supplementation on the time of callogenesis 

and callus weight of Dioscoreophyllum cumminsii cotyledon explants. 

 

Concentration 

of 2,4-D 

(mg/l) 

Response 

of 

explant 

Time of  

callogenesis 

(days) 

Estimated mean 

weight±SD (g) 

n=4 

Colour of 

callus 

Nature of 

callus 

Callus 

intensity 

0.0 - - - - - - 

2.5 Callus 18.00
ab

 0.12±0.08
ab

 White,brown  Friable ++ 

5.0 Callus 29.75
c
 0.14±0.07

bc
 White,brown Friable ++ 

7.5 Callus 15.00
a
 0.13±0.07

bc
 White,brown Friable ++ 

10.0 Callus 18.25
ab

 0.26±0.05
c
 White Friable +++ 

-: No callus formation; ++: Slightly profuse; +++: Profuse; MS: Murashige and Skoog; 2,4-D: 2,4-

dichlorophenoxy acetic acid. 

 

 

Table 2: Effect of Kinetin alone in MS media supplementation on time of callogenesis and 

callus weight of Dioscoreophyllum cumminsii cotyledon explant 

 

Concentration 

of Kinetin 

(mg/l) 

Response 

of explant 

Time of  

callogenesis 

(days) 

Estimated mean 

weight±SD (g) 

n=4 

Colour of 

callus 

Nature of 

callus 

Callus 

intensity 

0.0 - - - - - - 

0.5 - - - - - - 

1.0 Callus 27.75
b
 0.24±0.03

b
 White Friable +++ 

1.5 - - - - - - 

2.0 Callus 28.25
c
 0.09±0.02

a
 Brown Compact + 

-: No callus formation; +: Not profuse; +++: Profuse; MS: Murashige and Skoog. 

 

 

Table 3:  Effect of BAP alone in MS media supplementation on time of callogenesis and 

callus weight of Dioscoreophyllum cumminsii cotyledon explant 

 

Concentration 

of BAP 

(mg/l) 

Response 

of explant 

Time of  

callogenesis 

(days) 

Estimated mean 

weight±SD (g) 

n=4 

Colour 

of callus 

Nature of 

callus 

Callus 

intensity 

0.0 - - - - - - 

0.5 - - - - - - 

1.0 Callus 27.75
b
 0.24±0.03

b
 White Friable +++ 

1.5 - - - - - - 

2.0 Callus 33.25
d
 0.18±0.02

c
 Milky  Friable ++ 

-: No callus formation;++: Slightly profuse; +++: Profuse; MS: Murashige and Skoog; BAP: 6-Benzyl 

amino purine 
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Table 4: Time of callogenesis and estimated callus weight obtained from Dioscoreophyllum cumminsii 

cotyledon explant inoculated on MS medium supplemented with combinations of 2,4-D and 

Kinetin 

 

Concentration of 

growth regulator 
Response 

of explant 

Time of  

callogenesis 

(days) 

Estimated 

mean 

weight±SD 

(g) 

n=4 

Colour of 

callus 

Nature of 

callus 

Callus 

intensity 

2,4-D 

(mg/l) 

KIN 

(mg/l) 

0.0 0.0 - - - - - - 

2.5 0.5 Callus 19.75
a
 0.11±0.04

a
 Brown Compact ++ 

5.0  - - - - - - 

7.5  - - - - - - 

10.0  Callus 19.50
a
 0.10±0.04

a
 White Friable ++ 

2.5 1.0 Callus 22.25
b
 0.21±0.03

b
 Milky,white Friable +++ 

5.0  - - - - - - 

7.5  - - - - - - 

10.0  - - - - - - 

2.5 1.5 Callus 20.25
b
 0.38±0.11

c
 White Friable +++ 

5.0  - - - - - - 

7.5  - - - - - - 

10.0  Callus 36.00
d
 0.21±0.05

b
 White Friable +++ 

2.5 2.0 - - - - - - 

5.0  - - - - - - 

7.5  - - - - - - 

10.0  - - - - - - 

 

-: No callus formation; +: Not profuse; ++: Slightly profuse; +++: Profuse; ++++ = Very profuse; +++++ = 

Highly profuse; MS: Murashige and Skoog; 2,4-D: 2,4-dichlorophenoxy acetic acid;  KIN: Kinetin 
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Table 5: Time of callogenesis and estimated callus weight obtained from 

Dioscoreophyllum cumminsii cotyledon explant inoculated on MS medium supplemented 

with combinations of 2,4-D and BAP 

 

Concentration of 

growth regulators 
Response 

of explant 

Time of  

callogenesis 

(days) 

Estimated 

mean 

weight±SD (g)    

n=4 

Colour of 

callus 

Nature 

of callus 

Callus 

intensity 
2,4-D 

(mg/l) 

BAP 

(mg/l) 

0.0 0.0 - - - - - - 

2.5 0.5 Callus 31.00
cd

 0.23±0.10
c
 Brown Compact +++ 

5.0  - - - - - - 

7.5  Callus 15.00
a
 0.11±0.03

ab
 Brown Compact ++ 

10.0  Callus 32.75
d
 0.13±0.06

bc
 White,brown Friable ++ 

2.5 1.0 - - - - - - 

5.0  - - - - - - 

7.5  Callus 33.00
d
 0.18±0.03

c
 White,brown Friable ++ 

10.0  - - - - - - 

2.5 1.5 Callus 14.75
a
 0.21±0.06

c
 White Friable +++ 

5.0  Callus 18.25
ab

 0.20±0.03
c
 White,brown Friable +++ 

7.5  Callus 23.25
bc

 0.46±0.17
d
 Brown Compact ++++ 

10.0  - - - - - - 

2.5 2.0 Callus 29.25
c
 0.47±0.17

d
 Brown Compact ++++ 

5.0  - - - - - - 

7.5  Callus 29.00
c
 0.37±0.16

d
 Brown Compact +++ 

10.0  - - - - - - 

 

-: No callus formation;++: Slightly profuse; +++: Profuse; ++++ = Very profuse; +++++ = Highly profuse; 

MS: Murashige and Skoog; 2,4-D: 2,4-dichlorophenoxy acetic acid; BAP: 6-Benzyl amino purine 
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Plate 1:   Callus generated from Dioscoreophylum cumminsii cotyledon explant cultured on 

MS medium.  

Upper panel: 33 days after culture initiation with 2,4-D+BAP used for media supplementation; Lower panel: 

36 days after culture initiation with 2,4-D+Kinetin used for media supplementation. 2,4-D: 2,4-

dichlorophenoxyacetic acid; BAP: 6-Benzyl amino purine. 

 

4.0 DISCUSSION 

Interactions between auxins and cytokinins play vital roles in cell division, growth, development, 

differentiation and formation of plant organs (Shrivastava and Barnejee, 2008; Purkayastha et al., 2010). 

Every differentiated plant tissue is totipotent, but the conditions to dedifferentiate them vary from species to 

species and even from tissue to tissue in the same plant (Ezhova, 2003). Callus or/and regenerated organs 

(shoots, leaves and roots) have been successfully regenerated from some plants in the Menispermaceae 

family, such as Stephania tetrandra (Obert et al., 2004), Tinospora cordifolia (Raghu et al., 2006; Gururaj et 

al., 2007; Kumari, 2012), however few work have been done on in vitro culture of D. cumminsii stem 

explants. In in vitro cultures, significant differences have been attributed to the varying concentrations and 

combinations of hormones used to supplement basal medium, for the type of mophogenetic responses 

obtained (Isikhuemen et al., 2015). According to Esenowo (1999), other factors may include endogenous 

compounds produced in the medium and substances carried over from the original explants. 

 In this study, the morphogenetic responses of D.cumminsii cotyledons cultured in MS medium 

supplemented with 2,4-D, BAP or Kinetin gave rise to callogenesis only. This might be directly related to 

the presence of 2,4-D, which is a suitable growth hormone responsible for callus induction in most plants 

species in in vitro culture (Tahir et al., 2011). The observation was similar to the findings of Baskaran et al. 

(2005), when they cultured Sorghum bicholar in vitro. Low to high levels of 2,4-D in combination with 

various levels of kinetin gave rise to callogenesis. A similar trend was noticed in the media containing 1 and 

2 mg/l kinetin alone. MS media supplemented with 2.5 and 10 mg/l 2,4-D were optimal for early 

callogenesis. This result was in line with Shahsavari et al. (2010) who reported similar findings, when Oryza 

sativa L. was cultured in MS medium. They stated that 2,4-D alone gave the highest response of 

callogenesis. However, the present study indicated that higher callus fresh weight was obtained in the 

medium supplemented with 2.5 mg/l 2,4-D+1.5 mg/l kinetin, when compared with the cultures where 2,4-D 

or kinetin was used alone in media supplementation. This observation suggested that the combination of 2,4-

D and kinetin enhances cell division more than when they were used singly in relation to callus fresh weight. 
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This result was in agreement with Ge et al. (2006), who reported that 2,4-D in combination with kinetin was 

more effective in producing callus from different germplasm of indica rice.  

  The medium supplemented with 2,4-D and BAP showed that low to high level  of 2,4-D alone  and 

in combination with various levels of BAP stimulated callogenesis. Also, higher levels of BAP alone 

stimulated callogenesis, but at a relatively slow rate compared to when it was combined with 2,4-D. MS 

media supplemented with 2.5 mg/l 2,4-D+2 mg/l BAP was optimal for higher callus weight, while MS 

media supplemented with 2.5 mg/l 2,4-D+1.5 mg/l BAP was optimal for early callogenesis. This could be 

associated with the synergistic effect of auxin and cytokinin, when both were applied together at lower 

concentrations. The observation is in agreement with earlier findings by Staden et al. (2008). From the 

above results, it is suggested that exogenous hormone stimulates the cells to start replicating, thereby 

inducing competence and determination. Similar findings was reported by Sundarasekar et al. (2012) on the 

effect of 2,4-D and BAP on Hymenocalli littoralis. 

 

CONCLUSION 

This study showed that it is possible to induce callogenesis from D. cumminsii cotyledons when 

cultured in vitro in Murashige and Skoog’s medium. Regarding medium supplementation with growth 

hormones for induction of callogenesis, 2,4-D+BAP treatment was more effective than  2,4-D+kinetin 

treatment, based on their callus intensities. There is still more work to be done to optimize the in vitro 

conditions required for the culture and maintenance of D. cumminsii cotyledons.  
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