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Abstract       A standard culture medium can be modified, by replacing certain 
constituents with other, similar substances, eliminating some of the 
components or supplementing them. The composition, types, concentrations 
and reports between hormones and other components added to the culture 
medium can influence, in an either positive or negative way, the differential in 
vitro development of the explants. Within this context, the purpose of this 
paper is to assess the in vitro growth to maize (Zea mays) as influenced by 
the modified Murashige Skoog (MS) culture medium, in terms of growth 
hormone combinations, respectively of an increased vitamin supply (nicotinic 
acid, pyridoxine and thiamine) and a decreased concentration of growth 
hormones. 
The results suggest the fact that replacing the NAA (naphthyl acetic acid) 
growth hormone and the KIN (kinetin) with BA (benzyladenine) and IBA 
(indolylbutyric acid), can exert a stimulation effect upon the in vitro 
rhizogenesis and caulogenesis processes of the Zea mays species; on the 
other hand, the lowered concentration of growth hormones will inhibit 
caulogenesis, even if the vitamin supply within the culture medium is doubled.   
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The maize (Zea mays) is one of the most popular and 

versatile grain; today is cultivated in many regions of 

the world and alongside of wheat, represent the major 

part of the grain production. In Romania, the maize is 

the main hoes plant, with an important role in national 

economical balance [6].  

Plant multiplication, growth and development, or in 

other words, the passage of all stages of the biological 

cycle, is a combination of physiological phenomena 

under the control of some stimulus transposed into 

phytohormones (growth regulators of endogenous 

nature, synthesized by plants) and growth hormones 

(synthesis compounds that mimic the effect of 

phytohormones). The control of regeneration and in 

vitro organogenesis is exerted by means of growth 

regulating substances: vitamins, growth hormones, 

organic acids, etc., and their presence within the 

culture media is indispensable to an optimal 

multiplication. 

All the aspects of plant growth and development are 

under hormone control. On the other hand, a unique 

process can be regulated by the action of many plant 

hormones [5]. Besides, some aqueous extracts of the 

plants can be used as biostimulators, depending on 

their concentration and on the receiving species [3]. 

The growth hormones used in in vitro cultures 

stimulate cell divisions and cause the formation of new 

buds or ensure the development of neoformed buds. 

The main growth hormones are auxins, cytokines and 

gibberellins. They react specifically at the cells through 

the receptors, act in balance with each other and can 

induce variable effects depending on the concentrations 

used. The fact that the signal of the growth hormones 

marks an immediate or delayed response to plants 

depends on the physiological state of the receiving 

cells, their stage of development, the nature and level 

of the signal, and the environmental conditions [4]. 

The processes of the organogenesis at the maize are 

differentiated by the culture medium and combination 

of the growth hormones used. This is reflected in the 

difference of the waist of vitroplantlets developed from 

the sprouted caryopses. Comparison of culture medium 

supplemented with the same level of growth regulators 

in combinations or used separately in terms of 

neoplantlets formation has highlighted the superiority 

of the MS environment (Murashige Skoog) in the 

production of vitroplantlets [1]. 

 
Material and Methods 

 
The biological material, consisting of maize caryopses, 

was dipped for one hour in Berzelius glasses filled with 

tap water for hydration, then it was sterilized for the 

first time for 20 minutes in a 1:2 solution of Domestos 

and distilled water; then it was sterilized for the second 

time, for 15 seconds, in 70
0 

alcohol. The last stage of 

preparing the biological material for inoculation 
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consisted of three successive dips into distilled water. 

After the sterilization of the biological material, we 

moved on to the inoculation in the Murashige-Skoog 

(MS) culture medium, which had already been 

prepared in the laboratory.   

The standard culture medium MS consisted of 

sterilized distilled water, macroelements and 

microelements from a stock solution, 2 growth 

hormones in equal proportions (NAA – naphthyl acetic 

acid and KIN – kinetin, 0.5 ml/l each), vitamins 

(nicotinic acid, pyridoxine and thiamine, 0.5 ml/l 

each), potassium iodate, calcium chloride, saccharose 

and agar. This was the first variant (V1) in which the 

maize caryopses were inoculated; on the other hand, 

there have been two other variants of culture medium, 

as follows: the second variant, V2, a MS culture 

medium with NAA and KIN growth hormones in lower 

concentrations (0.1 ml), and doubled vitamin supply: 

nicotinic acid, pyridoxine and thiamine (1 ml/l); and 

the third variant,  V3, an MS culture medium 

additioned with 2 growth hormones, other than those in 

the first variant: 1.5 ml/l  of BA (benzyladenine) and 

IBA (indolylbutyric acid).  

Each variant was inoculated three times, with 5 maize 

caryopses inoculated into each culture dish. 10 days 

after inoculation, the influence of the modified culture 

medium upon the in vitro regeneration was assessed, in 

comparison with the standard culture media. The 

quantified growth indexes referred both to rhizogenesis 

(the length and total number of roots), and to 

caulogenesis (the length of the shoots). It has also been 

determined the mitotic activity, by means of a 

microscope study of the meristematic cells. 

The squash method was used in order to constitute the 

temporary microscopic slides used for the cytogenetic 

determinations, consisting of squashing the tissues 

between the microscope blade and the lamella. 

 
Results 

 
When quantifying the number of viable corn 

regenerants, the experimental results demonstrate that 

in all three variants, the number of them was 

maximum, equal to the number of inoculums initially, 

i.e. a 100% survival. These results suggest that all 

variants of the modified MS culture medium are 

suitable for the initiation of an in vitro corn culture, 

which confirms the ease of the vitrocultivation of this 

species. 

In terms of the length of the shoots of the in vitro 

regenerated maize in a modified MS culture medium 

(figure 1), the recorded values were the following: 

- 6.2 cm in the case of the control variant (V1), 

inoculated on a standard MS culture medium; 

- 5.1 cm in the case of V2, inoculated on a modified 

MS culture medium, with significantly lower amounts 

of growth hormones, and doubled vitamin supply. In 

this case, it has been noticed a negative, 1.1 cm 

difference, as compared to the control variant; 

- 7.5 cm in the case of V3, inoculated on a modified 

MS culture medium, additioned with 2 growth 

hormones, other than those used in the standard media 

(control variant): BA – benzyladenine and IBA – 

indolylbutyric acid, 1.5 ml of each hormone. In this 

case, it has been noticed a positive, 1.3 cm difference, 

as compared to the control variant.

 

 

 
Fig. 1. The length of the shoots and the length of the roots to Zea mays on the modified MS culture medium 
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On the other hand, from the point of view of the 

quantification of the regenerated maize roots length in 

vitro on modified MS medium culture (figure 1), the 

values were as follows: 

- 5.1 cm in the case of the control variant (V1), 

inoculated on a standard MS culture medium; 

- 4.0 cm in the case of V2, inoculated on a modified 

MS culture medium, with significantly lower amounts 

of growth hormones, and doubled vitamin supply. In 

this case, it has been noticed a negative, 1.1 cm 

difference, as compared to the control variant; 

- 6.2 cm in the case of V3, inoculated on a modified 

MS culture medium, additioned with 2 growth 

hormones, other than those used in the standard media 

(control variant): BA – benzyladenine and IBA – 

indolylbutyric acid. In this case, it has been noticed a 

positive, 1.1 cm difference, as compared to the control 

variant. 

The results suggest that the replacement of growth 

hormone NAA (naphthyl acetic acid) and KIN 

(kinetine) with BA - benziladenine and IBA - 

indolylbutyric acid may exert a positive effect in 

stimulating the processes of rhizogenesis and 

caulogenesis to Zea mays specie in vitro; on the other 

hand, when the MS culture medium is deficient in 

growth hormones, the effect is inevitably a inhibiting, 

to a certain extent, in vitro growth of this species, even 

if the intake of nicotinic acid, pyridoxine, and thiamine 

is doubled. 

The growth hormones are extremely important 

constituents of the in vitro culture medium. From this 

point of view, several types of growth hormones can be 

used, such as BA and AIB, which can successfully 

replace NAA and KIN. 

From the point of view of the number of maize roots 

regenerated in vitro on modified MS culture medium 

(figure 2), the values were as follows: 

- 6.0 roots in the case of the control variant (V1), 

inoculated on a standard MS culture medium; 

- 5.0 roots in the case of V2, inoculated on a modified 

MS culture medium, with significantly lower amounts 

of growth hormones, and doubled vitamin supply.; 

- 6.5 roots in the case of V3, inoculated on a modified 

MS culture medium, additioned with 2 growth 

hormones, other than those used in the standard media 

(control variant): BA – benzyladenine and IBA – 

indolylbutyric acid. 

 

 

 
Fig. 2. The number of roots to Zea mays on the modified MS culture medium 

 

      
Based on these results, it was found that the 

replacement of growth hormones NAA and KIN with 

BA and IBA exerted a stimulating effect on 

rhizogenesis processes to Zea mays in vitro, up to an 

average of 6.5 roots for the V3 variant; on the other 

hand, when the MS culture medium is deficient in 

growth hormones, the effect is inevitably a inhibiting, 

to a certain extent, in vitro growth of this species, even 

if the intake of nicotinic acid, pyridoxine, and thiamine 

is doubled. 

The study of chromosomes during mitotic and meiotic 

divisions is of great importance in the cytological 

determinations of plants and in the understanding of 

the operating rules of the immense and extraordinary 

mechanism called the living cell [2]. 

From the point of view of mitotic activity, it was found 

that the highest value of the mitotic index was recorded 

by the control variant, initiated on standard Murashige 

Skoog culture medium,  being recorded 40.7% cells in 

mitosis. On the other hand, the smallest value of the 
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mitotic index was recorded for variant V2, inoculated 

on modified MS culture medium with doubled 

concentrations of vitamins and very low concentrations 

of growth hormones. From this point of view, 31.1% 

cells were recorded in mitosis (figure 3). 

In case of the variant V3, inoculated on modified MS 

medium supplemented with BA - (benziladenine) and 

IBA (indolylbutyric acid), the results indicated values 

of the mitotic index close to the control variant, 

indicating satisfactory mitotic activity, respectively 

38.6%.

 

 

 
Fig. 3. The mitotic index value (%) to Zea mays on the modified MS culture medium 

 

 

Conclusions 

 
The obtained results suggest that the replacement of 

growth hormones NAA (naftylacetyc acid) and KIN 

(kinetine) with BA - benziladenine and IBA - 

indolylbutyric acid may exert a stimulating effect on 

the processes of rhizogenesis and caulogenesis in vitro 

to Zea mays; on the other hand, when the MS culture 

medium is deficient in growth hormones, the effect is 

inhibition of in vitro growth, even if the intake of 

nicotinic acid, pyridoxine and thiamine is doubled. 

The growth hormones are extremely important 

constituents of the in vitro culture medium. From this 

point of view, in the maize vitrocultures can use 

several types of growth hormones, such as BA and 

IBA, which can successfully replace NAA and KIN. 
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