
Heller’s Medium
Heller’s Medium in Plant Tissue Culture: Origins, Uses, and
Formulation

Origin

Heller’s medium, a cornerstone in plant tissue culture, wasn’t
developed as a single, unified formulation like Murashige and
Skoog (MS) medium. Instead, it represents a series of media
formulations  developed  primarily  by  Robert  Heller  and  his
collaborators throughout the 1950s and 1960s. While a single
definitive  "Heller’s  medium"  doesn’t  exist,  the  research
established  a  base  recipe  and  approach  that  significantly
impacted  the  field.  Heller  focused  on  developing  media
suitable  for  culturing  various  plant  tissues,  particularly
those  proving  recalcitrant  to  growth  using  previously
available  media.  His  work  aimed  at  providing  a  defined,
chemically balanced environment that promoted optimal growth
and morphogenesis in a broader range of plant species than was
possible with earlier methods. The original purpose was to
improve the in vitro propagation and culture of a wide array
of plant species, addressing deficiencies in existing media
formulations that often showed species-specific limitations.

Applications

Heller’s medium formulations find application in various plant
tissue culture techniques. While not as universally applicable
as MS medium, it has shown particular success with certain
plant families and specific applications. These include:

Callus  Induction:  Heller’s  medium,  with  appropriate
adjustments to hormone levels, can successfully induce
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callus formation from explants of various plant species.

Organogenesis:  By  manipulating  the  balance  of  growth
regulators  (auxins  and  cytokinins),  it  supports  the
development of shoots and roots from callus tissue or
directly from explants, enabling plant regeneration.

Embryogenesis:  In  some  cases,  particularly  with
modifications  to  the  growth  regulator  composition,
Heller’s media has supported somatic embryogenesis—the
formation of embryos from somatic cells.

Rooting:  In  combination  with  auxins,  Heller’s  media
promotes root formation in in vitro-grown shoots.

Heller’s medium has proven especially useful for certain woody
plant  species  and  certain  orchids  that  often  exhibit
challenges  in  culture  under  other  media  conditions.  The
success stories are often found in species-specific literature
rather  than  broad  publications,  reflecting  the  medium’s
adaptability  and  efficacy  for  specific  plant  requirements
rather  than  possessing  a  uniformly  exceptional  performance
across all species.

Formulation

Unlike MS medium which has a standardized recipe, Heller’s
formulations varied depending on the plant species and the
desired  outcome.  However,  a  typical  Heller’s  medium  base
includes the components listed below. Note that concentrations
can vary significantly depending on the specific application
and literature source. The values provided represent typical,
but not universally accepted, ranges.



Component
Concentration

(mg/L)
Role

NH₄NO₃ 1650 Nitrogen source

KNO₃ 2000
Nitrogen and potassium

source

CaCl₂·2H₂O 440 Calcium source

MgSO₄·7H₂O 370 Magnesium and sulfate source

KH₂PO₄ 170
Phosphorus and potassium

source

Fe-EDTA 27.8 Iron source

MnSO₄·H₂O 2.2 Manganese source

ZnSO₄·7H₂O 0.8 Zinc source

KI 0.84 Iodine source

Na₂MoO₄·2H₂O 0.25 Molybdenum source

CuSO₄·5H₂O 0.025 Copper source

CoCl₂·6H₂O 0.025 Cobalt source

Thiamine HCl 1.0 Vitamin B1

Pyridoxine HCl 1.0 Vitamin B6

Nicotinic acid 1.0 Vitamin B3

Myo-inositol 100
Osmotic regulator, growth

factor

Sucrose 30000 Carbon source

Auxins Variable
Root initiation, shoot

elongation

Cytokinins Variable
Shoot initiation &
multiplication

Common Modifications: The key modifications to Heller’s base
medium involve adjusting the concentrations of auxins (e.g.,
2,4-D, NAA, IBA) and cytokinins (e.g., kinetin, BAP, zeatin).
The specific ratio significantly influences the type of growth
response  elicited  (callus,  shoot,  root  formation).  Other



modifications  include  alterations  in  macronutrient
concentrations or the addition of specific organic supplements
based on the requirements of individual plant species.

Conclusion

Heller’s  medium,  though  not  a  single  defined  formulation,
represents a significant contribution to plant tissue culture.
Its strengths lie in its adaptability to various plant species
(especially woody plants and certain orchids) and its ability
to  support  multiple  developmental  stages.  However,  its
limitations  include  the  need  for  optimization  of  hormone
concentrations for each species, and it is often less widely
used  than  MS  medium,  which  generally  demonstrates  broader
applicability. Compared to other widely used media like MS or
B5, Heller’s medium lacks a standardized, readily available
formulation,  requiring  more  experimentation  and  species-
specific  optimization.  However,  for  certain  recalcitrant
species,  the  tailored  approach  embodied  by  Heller’s  work
continues to provide viable and successful culture strategies.
Its  historical  importance  and  continued  niche  applications
make it a relevant part of the plant biotechnology tool-kit.


