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Welcome to HTCG Newsletter #9. Our
first newsletter was published June 2009.
We have come a long way. On August 3,
we will celebrate the 7th anniversary of
the Home Tissue Culture Group. It was
on August 3, 2007 that the Articles of
Incorporation were approved by the State
of Washington. Actually, at the time we
were Kitchen Culture Education Technologies Inc. and the Home Tissue
Culture Association was just a division of
that company. As time went on, the
name of the company was changed to
the Home Tissue Culture Group to better
reflect what we do and who we are.
So, how and why did this all
happen? Who ever thought that plant
tissue culture would be a hobby enjoyed
by anyone with a love for plants? This is
how I tell the story to an outsider.
Plant tissue culture (aka micropropagation or ‘TC’) involves growing a piece
of a plant (shoot tip, node, leaf, etc.) in a
sterile environment and promoting growth
of more plants from its stem cells. Using
this technique, hundreds of plants can be
produced from a single leaf.
This was really not recognized as a
hobby until recent years, although I think
there was much going on in kitchens
throughout the world that no one knew
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about or talked about. University and
industry representatives had always
promoted plant tissue culture as a
technique restricted to them, and insisted
it could only be done using expensive
equipment and well-equipped laboratories. However, as we later found,
home (or hobby) plant tissue culture has
been around for a long time, and it is
done in homes and classrooms around
the world. It did not really become visible
until 1998 when the Home Tissue Culture
Listserv was created as a new Yahoo
Group.
In 1998, via the new Yahoo group formed
by Dr. Carol Stiff and students and

hobbyists acquainted with Carol, home tissue culture became known as something
that almost anyone could do using supplies commonly used in the kitchen. Home TC
guru Frank Tromble agreed to serve as a co-moderator and provided many novices
with helpful advice. Carol’s online store Kitchen Culture Kits, Inc. initially provided the
hard to find, but affordable, components such as plant media and hormones. Other
online stores have surfaced and links to those can be found at the KCK site. Carol’s
website also provided information on the basics of home tissue culture, including CDs,
DVDs, other vendors, publications, and one day hands-on workshops when possible.
In 2007, Carol formed the Home Tissue Culture Group (HTCG), a 501(c)(3) nonprofit corporation, in hopes of creating a formal presence and eventually getting
funding to:

Provide education through national, regional and/or community meetings,
workshops, and the sale of hobby kits and supplies.

Share ideas, protocols, recipes and sources of other information via a website
and/or virtual newsletters

Work closely with K-14 teachers and students to help them learn and understand
the benefits of home tissue culture.
The HTCG created a website and subsequently developed the “HTCG Newsletter”,
which is published by a team of volunteers, headed by Dr. Arthur Sale from Tasmania
[yes, that Tasmania]. In addition, the HTCG website shares information as discussed
on the Listserv and other formats, archives the Newsletters, and provides a wiki which
has user contributed protocols and useful information regarding materials, suppliers,
etc. Also on the website is the TC Map where you can locate hobbyists. There is also
a Facebook page, thanks to our new president who is also our webmaster, Toni
Annable, and the Yahoo Groups Archive site for the listserv with a listing of previous
posts, a Photo archive of 2600+ images, and various uploaded files.
As I wrote earlier, we have come a long way. If someone wants to learn about
home tissue culture, they just click on one of the websites, www.kitchenculturekit.com
for KCK or www.hometissueculture.org for HTCG. If you have questions, you can
email us directly at several different email addresses or join the listserv and ask your
questions there. I usually spend a couple of hours per day advising and will email the
19 page KCK workshop handout free. Toni’s Facebook page has been extremely
active so if you are into social media, have a look at that.
Looking into the future, KCK hopes to release a new video soon which is simply
titled The Workshop Video. HTCG is planning webinars as soon as we can figure out
how to do them cheaply and what topics people would like to have covered. Watch for
updates on all of this at the websites.
Finally, if you are somewhat confused about me (Carol), I work as a volunteer
with KCK and HTCG as well as another non-profit, ACMAP, so I wear many hats, and
at times, I also think that I am Santa Claus because I love to give things.
Carol
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Editorial
Well, here is your Newsletter Issue #9. I can be brief, since Carol has written much of what I
would have. The issue contains the following grab-bag of goodies:


Continues the theme of light in tc, and focuses on Light Emitting Diodes (LEDs). Everyone
seems to be fascinated by LEDs, but there are still a lot of misconceptions. I hope the
article explains what is actually happening.



We announce the results of the photo contest, and let you see the winning entry. Get
started taking pictures now for the next contest.



Carol produces a protocol for tc of peas, which some of you have asked for. It may be
applicable (of course) to closely related legume species.



We had an enquiry about how to tc palm species. It turns out this is not simple, and
deserved an article in its own right because of the complexity. And yes we discussed it
with the questioner instead of making him wait!



We present the winning entry in the HTCG Photo contest, and



Regular features continue: a book review on ferns.



We update and republish the Guidelines for Contributors. We need more of you to be
active and offer us material, be it text, short articles, long articles, photos, or even
videos. What about contributing to Issue #10? Start now…

It has been a quite busy year for most of us on the Board, not to mention our own plant
culture, personal and family health issues, re-organizing, etc. We hope that you have not
noticed. The best engineering is that which is invisible, apart from being an improvement. As
to the next issue, it is hard to predict what will appear. We have half-promises of articles on tc
classes in schools, home lab descriptions, laminar flow hood construction, visit to a
commercial tc facility, and I hope we will get more. We also intend to run the runners-up
entries in the HTCG Photo contest.
Best wishes
Arthur in Tasmania
PS. This issue is well overdue, for reasons
beyond my control. It was in draft in March
2014. Please accept my apologies.
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Light Emitting Diodes (LEDs)
Arthur Sale

In the last issue of the Newsletter, I wrote an article “On Light”. It generated a lot of
correspondence, mainly about LEDs (Light-Emitting Diodes). LEDs produce light
more efficiently from electricity than any other common light source, including
fluorescent tubes, compact fluorescents and halogen lighting. But, that is not the end
of the story… Here is a distillation of what I have been given and found out since the
article. My thanks go to all my correspondents but especially Andrew McDougall (UK).

Lifetime

LEDs are reputed to have a lifetime of 100,000 hr or more. It is not as simple as that.
Low power LEDs like the ones that show green and red lights on your electronics do
actually achieve this. So-called ‘white’ LEDs and the ones useful for tissue culture do
not achieve this life, with 25,000 hr being common, up to 50,000 hr for high quality
LEDs, and sometimes as little as 10,000 hr. Why?
The issue lies with very different construction, and with quality of materials. LEDs
are made of a p-n semiconductor junction (the ‘diode’) whose bandgap (physics term)
is just right for the color of light to be emitted: bigger bandgap for blue, smaller for red.
Simple low power LEDs don’t get very hot.
Broad spectrum high-power LEDs are really big versions of blue LEDS using
gallium, indium, nitrogen and phosphorus in the semiconductor mix (Ga, In = Group III
elements; N, P = Group V elements; in a 1:1 Group mix). They produce large amounts
of blue and near-UV light, some or most of which is absorbed by phosphor powders
around the diode. These phosphors are very similar to those of fluorescent tubes, and
like them they convert UV/blue light to visible light by absorbing the high frequency
UV/blue photons and re-emitting part of the energy as lower frequency photons
(green, yellow, red, IR), and wasting the left-over energy as heat. The phosphors use
‘rare earth’ elements in the lanthanide series of elements, such as cerium, dysprosium,
neodymium, europium, etc. In other words, white LEDs are really fluorescent LEDs,
though the UV/blue they deal with is not quite such short wavelengths as produced by
a mercury-vapor tube.
I use the term ‘white’ LEDs to cover all these broad-spectrum LEDS, including
the ones used for photosynthesis and horticulture, which look far from white! They all
use the same technology: a blue LED with fluorescent phosphors.
What this implies is:

The p-n junction of high performance diodes gets hot because of the high
dissipated power. Wasted energy goes into the ambient surroundings, just like
any light source, and raises the junction temperature.



The p-n junction degrades with time, probably at or below the 50,000 hours rate,
perhaps faster because of the elevated temperature.
The LED is encapsulated in an epoxy block. As this plastic ages, it yellows and
limits light transmission (cutting out more blue than red). Heat speeds up this
process also. Indeed it seems that room temperature might even be more
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important than junction temperature. Cheap LEDs use cheap epoxy and degrade
faster.
The phosphors degrade with time, depending on the exact composition, also
limiting life to the 25,000 to 50,000 hr range.

‘White’ LEDs do not usually fail catastrophically, so the fittings do not end up having
random dark LEDS until their number are too many, but rather degrade gradually,
dropping light levels to an unacceptable level, though the human eye may not detect it.
That is a soft limit, usually set at 70%, depending on how much reduction you are
prepared to tolerate (or how much overkill you started with).

Light metering

Some people use lux meters to try to monitor the light intensity in their setups. These
are only of limited usefulness. The lux unit (ISO abbreviation lx) is based on the
sensitivity of the human eye, and plants don’t have human eyes! Lux levels can be of
minor interest if you ignore the actual value recorded, but just look at its trend over
time. Even then plants don’t ‘see’ in green, but mostly in blue and red, and there can
be major blue/green/red imbalances being ignored or over-emphasized by a lux meter.
The total amount of (human-visible) light produced is measured in lumens (ISO
abbreviation lm).
Plant science uses the micro-Einstein or µmol/m2-s as the intensity unit. 1 microEinstein is a millionth of 1 mole of (light) photons per square meter per second. This
unit varies with color : blue photons are heavier and more energetic than red photons.
1 mole is 6.022×1023 photons. A photon is a quantum chunk of light energy; light only
comes in whole numbers of photons. The corresponding measure of total light output
in plant science is the µmol/s.
You won’t be able to buy a meter to measure either value. Rely on the
manufacturer’s documentation.

Efficiency

‘White’ LEDs have a light conversion efficiency of the electricity of around 1.5 µmol/Ws (50 lm/W: generalization and I did say lumens were not an appropriate unit, but some
may find that useful) at 25,000-50,000 hr lifetime. Fluorescent fittings generally used in
tissue culture give about 0.6 µmol/W-s (16-20 lm/W). Prefer Cool White fluorescent
tubes but Warm White LED fittings if you are not using ‘grow’ products at about 10,000
– 25,000 hr lifetime.
To simply increase the efficiency of LEDs, you can enclose the growing space
with white or reflective sides and tops, so that spill light is contained and reflected back
where it will do good. Clean painted white surfaces have a reflectance of 80-85%,
degrading with time, dirt and dust. Mirrors can achieve 95%. The net effect might be to
increase the light levels for a given installation by about 2x, but the reflective surfaces
have to be maintained regularly.
Bear in mind that fluorescent tubes suffer badly from this. They emit light in all
directions: up down and sideways. That which goes up (if it makes it through the dirt
fallen on the tube) hits paint before travelling down, and perhaps 50-80% will make it
downwards. The reflectance of new white paint is no more than 80%. That which goes
sideways off the shelf is probably totally lost. The 60° that goes straight down reaches
Back to first page
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the plant vessels directly (60°/360° = 17%), and the rest is subject to many reflectance
attenuations.
Grow lights are often of a rather unusual purple color because they are mostly blue
and red. Plants don’t use much green (which is why plants look green – they reject the
light they do not want) so it is pointless to generate it. Some manufacturers suggest
that they can make the light balance better to see in. Don’t fall for this. The plants
should love what you have set up for them since this is most of the time, and if you
want to see what they really look like in more natural light, invest in room fluorescent
lighting or a portable white light source. It will only be on for a short time while you are
in the room so its running cost is minimal, rather than wasting your energy and money
all the time.

Cost comparison

This is quite difficult. A LED fitting degrades and is then totally replaced. On the other
hand a fluorescent tube fitting is re-usable for probably 3-4 tubes, maybe with a starter
replaced. Compact fluorescents (light bulbs) are totally replaced, so are similar to
LEDs in calculations. The following is an attempt to provide realistic data. Please
adjust to your costs and situation. I have used typical Australian dollar prices, and a
Tasmanian domestic marginal power rate of 28.283 ¢/kWh.

Straight fluorescent
A straight fluorescent tube will have a lifetime of 10,000 – 16,000 hours. Since in TC
the tubes are only switched once a day, the upper figure is more likely. A tube is
reckoned to have failed when its light output drops to about 70% of initial. However,
the starters also wear out and we should probably account for replacing one pair for
every two tube-pair replacements. The fitting itself may last four or so tube
replacements. A 2 x 36 W twin fluorescent tube fitting has about 22% energy
efficiency. If we think of an on-time of 12 hr per day, a year amounts to 350 kWh for an
80 W fitting, and the tubes may last 3-4 years. All this yields:

Initial cost: fitting with tubes ($35.00) amortized over 16 years



Consumables over 16 year fitting lifetime: starters ($1.40), 3 x twin tube pack
($4.90 each)
Energy cost/year = $99.00



Total cost/year = $102.00



Compact fluorescent (CFL)
These are essentially similar in efficiency and lifetime except the tube is usually
helically wound and operated by an electronic ballast. The entire ‘lamp’ must be
replaced, making the calculations easier, apart from needing four 18W lamps to
replace a single 72W tube fitting. Doing the same calculation:


Initial cost: four 18W lamps at $5.90, amortised over four years.
Energy cost/year = $99.00



Total cost/year = $105.00
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LED fitting
At the moment ‘white’ LEDs do not achieve the same lifetime as simple LEDs (about
100,000 hr) as discussed earlier. About 50,000 hr can be expected, which is about
double that of a fluorescent tube. The conversion efficiency is also better, resulting in
a 32 W fitting producing say 52 µmol/s of photon flux (65 lm/W), which allows a
smaller energy consumption for the same effect. Doing the calculation for equivalent
light effect on plants:

Initial cost : one LED 32 W Grow fitting at $130–$170 each replaces a twin 36 W
fluorescent fitting. (There are also LED replacements for fluorescent tubes at
$80.00 each, but are prohibitively expensive.) Amortised over say eight years.



Energy cost/year = $40.00
Total cost/year = $82.00

Summary
A good quality LED fitting will cost about 4x more initially, last 2x longer, and use 40–
50% of the power per year, compared to equivalent straight fluorescents. Cheap LED
fittings may not be worth pursuing as both lifetime and efficiency are degraded. The
breakeven time estimated at about 3 years on a 12/24, 24/7 duty cycle.
In 2010, only 13% of commercial installations used LEDs; it is estimated that this
will rise to 50% by 2015. On the other hand, some lighting companies are predicting
high-pressure sodium lamps will supplant LEDs commercially.

Weight and Heat

A two-tube fluorescent fitting masses about 2.5 kg. A LED replacement masses about
0.5–0.6 kg. LEDS can be mounted to lighter shelves, and are easier to fit.
Fluorescent fittings generate about 0.065 kW heat per two tube fitting, almost all
in the tubes, raising temperature in the room, and in the growing space even more if it
is not open to air circulation.
The heat dissipation of an equivalent LED fitting is about 0.025 kW (say one
third), leading to a smaller heat load in the growing space. Whether this is an
advantage or a disadvantage depends on whether you are using the lights in a cold
time of year (heating = useful by-product) or a hot time of year (bad, especially if the
space is air-conditioned meaning you have to use extra power to get rid of it).

Acknowledgements

I would like to acknowledge the contributions of Andrew McDougall in this study. His
practical approach has helped enormously.
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Book Review
Biology and Evolution of Ferns and
Lycophytes
Edited by Tom A Ranker and Christopher H Haufler
Cambridge University Press, 2008. ISBN 978-0-521-69689-0
(pbk).
If you are interested in growing ferns by micropropagation, or
even from spores, this is a very useful book, provided you have
the necessary science background to understand it. It is highly
technical, but I have found it an excellent source of information
that I did not know and which is useful in tissue culture and
indeed propagating ferns generally.
Many people know that there are major differences
between ferns, the gymnosperms (cycads and conifers, and a few other genera), and
angiosperms (flowering plants) This means that techniques used for gymnosperms and
angiosperms may not work with ferns. Many people also know that all plants have an
alternation of generations, but ferns display that feature more obviously than the common
garden and farm plants, which behave more cryptically. This means that the plant can exist in
two forms: each of which has a different shape and biology, and the forms alternate. The
object that we grow as a fern with fronds (perhaps 30 cm to 4 m across and maybe the same
or more high) is the sexless sporophyte generation, producing spores. If the spores germinate,
they produce a different shape of tiny plant called a gametophyte. The gametophyte matures
and then produces either a female part (an archegonium) or male parts (antheridae);
occasionally both. The archegonium produces a static female gamete; the antheridae produce
male gametes capable of being mobile through free water. If one meets another, they fuse to
grow as a new sporophyte cell attached to the gametophyte which feeds it for a short while,
which then multiplies to a new fern, and so the cycle repeats. (The flowering plants we know
and grow are all sporophytes.)
Here are some interesting facts that you can derive from this book:






The sporophyte or fern generation is usually diploid (a pair of every kind of
chromosomes in each cell = 2n), but not always.
The gametophyte generation is also usually diploid.
The gametes are usually haploid (one of each kind of chromosome in each cell = n), but
not always. The fusion of two gametes usually restores the diploid structure of the
ensuing sporophyte.
The gametophyte generation (the plant is called a prothallus, pl. prothalli) develops
sexlessly until it reaches a defined growth stage.
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Ferns have no specific sex-determining chromosomes (as people and most animals do),
but are affected by antheridiogens in their early stages to become male (think
testosterone for animals). Antheridiogens are hormones produced by the growing
prothalli when they reach the meristic (multi-layer) stage of growth. These hormones
leach out and induce nearby prothalli that haven’t reached this stage to become male,
and grow more slowly. The original prothallus becomes a female.

Antheridiogens have not been sufficiently studied, but it is known that some Giberellic
Acids (principally GA3 and GA7) can act similarly. One might be wise to avoid GAs in fern
spore culture, to reduce the risk of breeding a monastery of monks, and no sex.

Most ferns have strong inhibitions against selfing, even though in extremis some
produce hermaphroditic prothalli, and some can produce sporophytes without sex.

Light has a significant effect in inducing germination. If you are growing spores, a few
days to absorb water is about right. Then give them red light for a week. Blue light and
far-red light (on the edge of visibility) can stop germination in its tracks, one easily
reversible and the other not. This may well apply to cell multiplication, or in other words
in tissue culture and callus formation.

The genome of ferns (amount of DNA) is not much different in size from the genome of
angiosperms. However, ferns tend to have a much more uniform and small size of each
chromosome (DNA packets), so they often have many more chromosomes.

There is a lot of evidence that ferns have duplicated their genomes several times in the
past, leading to evolutionary divergence of the initially duplicate copies of genes. They
are not primitive survivors, but highly evolved plants capable of intense competition.

Direct coverage of tissue culture in this book is minimal (one page perhaps) but there is a
wealth of information . Sporophyte ferns have few totipotent cells to culture: generally
restricted to the apical tip, very young fronds (croziers), and roots and stolons (runners).
In addition the apical meristem often consists of a single cell at the apex, unlike
flowering plants where there is a whole bunch. For those inclined to experiment,
maceration of young fronds or root tissue might be a good thing to try, to develop callus
tissue.
I recommend this book to those who are seriously interested in ferns. There is some coverage
of lycophytes (clubmosses and quillworts), but I am not very interested in them. They are not
monophyletically related to ferns. The ferns are tough survivors, and they yield their secrets
gradually. Since they are not major food sources, there has been much less research on them
than into food crops.
Arthur Sale
Tasmania
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Kitchen Culture Kits Inc.
Protocols for the Hobbyist
www.kitchenculturekit.com
carolstiff@kitchenculturekit.com
“Bringing plant tissue culture to the classroom and home since 1998”
NOTE: All protocols are intended to be used following the methods described in the
KCK Manual: “Plant Tissue Culture for the Classroom and Home” or the online
workshop handout.

Culture of Immature Embryos of Pea Cultivars
Adapted from Pniewski et al. 2003. ‘Organogenesis and long term micropropagation of Polish pea
cultivars.’ Acta Societatis Botanicorum Poloniae. Vol. 72 (4): 295-302.

MEDIA
Initiation Medium:
In a 1 liter container, combine the following:


Distilled water – 2 cups or about 500 ml



MS Basal Medium with vitamins (1 liter packet)



PPM – 1 ml



Sucrose (table sugar) – 2 tablespoons



BAP – 4.5 mg (use 4.5 ml of solution of 1 mg/ml)



NAA – 0.002 mg (1 drop of 1 mg/ml solution = 0.017 mg)

Mix well, and then bring volume to 1 liter with distilled water. Adjust pH to 5.5 - 5.8.
Dispense into baby food jars (3 tablespoons each). Add 1 level “pinch” spoon of agar to
each jar. OPTIONAL: Dispense 2 tablespoons per baby food jar; add I level “smidgen”
spoon of agar. Sterilize via microwave or pressure cooker as described in the KCK manual.
Multiplication Medium (DO NOT MAKE UNTIL EXPLANTS ARE READY FOR NEW MEDIUM):
In a 1 liter jar, combine the following:


Distilled water – 2 cups or about 500 ml



MS Basal Medium with vitamins (1 liter packet)



PPM – 1 ml



Sucrose (table sugar) – 2 tablespoons



BAP - 2 mg (use 2 ml solution of 1 mg/ml)
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Mix well, and then bring volume to 1 liter with distilled water. Adjust pH to 5.5 - 5.8.
Dispense into baby food jars (3 tablespoons each). Add 1 level “pinch” spoon of agar to
each jar. OPTIONAL: Dispense 2 tablespoons per baby food jar; add I level “smidgen”
spoon of agar. Sterilize via microwave or pressure cooker as described in the KCK manual.
Stage III Medium – Pre-Conditioning (DO NOT MAKE UNTIL EXPLANTS ARE READY FOR NEW MEDIUM):
In a 1 liter jar, combine the following:


Distilled water – 2 cups or about 500 ml



MS Basal Medium with vitamins (1 liter packet)



PPM – 1 ml



BAP – 0.02 mg (use 1 drop of 1 mg/ml solution)



Sucrose (table sugar) – 2 tablespoons

Mix well, and then bring volume to 1 liter with distilled water. Adjust pH to 5.5 - 5.8.
Dispense into baby food jars (3 tablespoons each). Add one level “pinch” spoon of agar
per jar. Sterilize via microwave or pressure cooker as described in the KCK manual.
Stage IV Medium – Rooting (DO NOT MAKE UNTIL EXPLANTS ARE READY FOR NEW MEDIUM):
In a 1 liter jar, combine the following:


Distilled water – 2 cups or about 500 ml



½ MS Basal Medium with vitamins (use 1 tsp from 1 liter packet)



PPM – 1 ml



Sucrose (table sugar) – 1 tablespoons



NAA – 1 mg (use 1 ml of 1 mg/ml)

Optional:


Additional 166 mg of CaCl2 is recommended



Additional B5 vitamins are recommended: Nicotinic Acid 0.5 mg; Pyridoxine
Hydrochloride 0.5 mg; and Thiamine Hydrochloride 10 mg.

FURTHER RESEARCH IS NEEDED TO DETERMINE WHY THE AUTHORS RECOMMENDED THESE
ADDITIONAL CHEMICALS…………cms
Mix well, and then bring volume to 1 liter with distilled water. Adjust pH to 5.5 - 5.8.
Dispense into baby food jars (3 tablespoons each). Add one level “pinch” spoon of agar
per jar. Sterilize via microwave or pressure cooker as described in the KCK manual.

ISOLATION AND CULTURE OF EXPLANT
1.

Harvest pods from mother plants. The immature seeds should be fully developed but not
yet dry (Note: author says “just before drying”).

2.

Rinse in soapy water for 5-10 minutes to remove debris.
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3.

Surface sterilize by immersing for 30 seconds in 70% ethanol (or isopropanol) followed
by 20 minutes in 25% commercial bleach with a few drops of dish detergent. Stir
occasionally to insure all plant material is in contact with the bleach solution.

MOVE BLEACH SOLUTION/EXPLANTS TO CLEAN BOX
4.

In the cleanbox, rinse in sterile water.

5.

Spray a piece of paper toweling with 70% ethanol or isopropanol.

6.

Place pod on toweling and cut longitudinally to open pod and remove seeds.

7.

Remove seed coats and then embryo roots and the distal part of the cotyledons. See
diagram at right (from page 196 of source article).

8.

Cut seeds along longer axis into two halves and each half is divided again producing 4
explants from one seed.

9.

Transfer explants to Initiation Medium and incubate 3 days in darkness at room
temperature.

10.

After 3 days the explants were transferred to Multiplication Medium and incubated in
darkness (?) for 4-6 weeks to obtain callus. Note: Authors did not indicate moving to
light so it is assumed they continued to incubate the cultures in the dark.

11.

Shoots should develop within 2-3 weeks and will probably be from pre-existing
meristems and tend to be “true-to-type” meaning they might be clones of the parent.
Shoots that develop later will be from callus via organogenesis and not pre-existing
meristems. These may exhibit other characteristics which are or are not desirable.
Research “somaclonal variation” for more details.
a.

Transfer callus to fresh Multiplication Medium every 4-6 weeks to induce more
shoot production. Callus was described as “firm, lumpy green callus”. We assume
this was cultured in 16 hr light.

b.

Excise shoots from the callus and transfer shoots to Pre-Conditioning Medium to
promote elongation and incubate in 16 hr light at room temperature.

c.

Fully developed shoots are transferred to Rooting Medium.

d.

Rooted plants are then transferred to soil/perlite mixture and acclimated to the
outside environment. This can be accomplished by putting plastic bags over the
pots or growing in a domed tray.

See original publication below for more details. Note: KCK has not tested this protocol.
Griga, M., E. Tejklova, F.J. Novak and M. Kubalakova. 1986. ‘In vitro clonal propagation of
Pisum sativum L.’ Plant Cell, Tissue and Organ Culture 6: 95-104.
For the KCK version of this protocol, reprinted with permission, see http://
www.kitchenculturekit.com/carols-protocols.aspx.
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HTCG Photo Contest
We bring you the winning entry in the HTCG Photo contest. The winners were evaluated by
two independent judges, and the first prize of $100 of supplies from KCK is awarded to Totik
Sri Mariani for the following entry. The second, third and other prize-winners will be featured
in the next edition of the Newsletter.

Winner: Toti Sri Mariani
The Aglaonema shoot meristem in vitro was shot by 250 µM NMU (a mutagen) using a
particle bombardment method. After culturing the shot Aglaonema, we obtained Aglaonema
mutants as follows :


Red and white Aglaonema mutant in vitro



White Aglaonema mutant in vitro

The Red and white Aglaonema is interesting because it has the same colour as the flag of
Indonesia, red and white. In addition, the red and white colour of the Singapore flag is also
the same. This research is the result of collaboration between Indonesia (School of Life
Sciences and Technology, Bandung Institute of Technology) and Singapore (Nanyang
Technological University).
The white Aglaonema is also important, because it is included in the alba type (white) and the
price is expensive.
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These are pictures of Aglaonema tissue culture. Picture 1 shows the explants, which is axillary
shoot. Picture 2 shows proliferating shoots derived from the explants on MS medium
supplemented with 1.5 ppm of thidiazuron and 3 ppm BAP. Picture 3 shows plantlets of
Aglaonema after 4 weeks of culture on MS media containing 3 ppm IBA. The importance of
BAP in this culture is to avoid callus growth caused by thidiazuron.
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‘In vitro’ Palm propagation
Arthur Sale, Tasmania, Australia
Caveat
There has been some discussion regarding the application of tissue culture to palms, on the
HTCG listserv and off it, initiated by a post from Mohammad Sadegh Bagheri. I thought I would
summarize what I have found for anyone else interested. I must emphasize however that I have
made no experiments on micropropagation of palms, and this is a summary of the literature I
looked at. I do have however seven palms in my backyard, and had about twenty before some
didn’t survive my climate and others grew too big and I gave them away. This area of palm TC
is a difficult one because the palm family is so varied and has such an unusual character from
the dicots and indeed many monocots. There is a lot of room for experimentation, especially by
amateurs who don’t have to meet the research costs of universities or TC labs and the long
development time.
General
Palms are angiosperms (seed-bearing) and monocotyledons (40% of the world’s plants, like
grasses, bananas, bamboo, orchids and lilies). They are found in the very early fossil record,
and have been regarded as primitive monocots. The palm family is accepted as phylogenetic
(arising from a single ancestral source). There are various erroneous common names which do
not denote true palms such as “Traveller’s palm” (Ravenala) and cycads such as “Sago
palm” (Cycas).
A palm species is the tallest monocot, surpassing even the bamboos. They generally
have only one meristem per trunk, at the growing tip (the exception is the genus Hyphaene
which contains some minimally branching palms). Removal of this meristem for TC results in
the eventual death of the donor palm (or in clumping palms, of that stem), so this is usually
only done with palm seedlings of age 1-6 years (see later). Many tissues of palms (leaves,
trunks) become specialized and diminish their totipotent stem cell capacity, just as in animals.
Palm tops are not often grazed by animals (apart from birds attracted to the fruits), nor are
the stems, so they don’t need to preserve a capacity for totipotency. This limits the availability
of tissue for explants. I explore this later also.
Leaves are concentrated at the growing end of the trunk (at the top). Leaves may be
dropped or be persistent as a dead skirt. The leaves form a whorl characteristic of the species
in successive rotation, with a limited number alive at any time depending on the species. The
leaves form one at a time at the growing apical tip, sometimes as slow as once a year.
Deciduous behaviour is not an option for most palms. The cells tend to specialize and be
pushed out, with the growing area being at the base of the leaf, with the petiole (leaf stem)
forming last. Leaf tips are the oldest part of the leaf and probably least useful tissue for TC.
This is vital to understand. Palm leaves are plicate (folded or creased) in order to fit the tissue
in the growing tip. Most have divisions (splits), but some palms have entire leaves all their
lives, or perhaps just early in life.
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16

The trunk is simple, without the structures of cambium and bark. It expands with age,
but cellular growth is at the growing tip. The trunk cells mainly expand and toughen. Trunks
are tough and flexible, rather than rigid as with trees such as maple, oak and conifers. Some
trunks are encased in hairlike webs; others have spines, though these are more common on
the petioles. Trunks can reach 30 m or more in height.
Inflorescences, unlike the trunk, divide and form a branching structure. The flowers are
primitive, and borne at the tips. Some palms are monoecious (both sex organs on each plant,
such as Cocos nucifera: coconut) with some requiring outcrossing and others not, and some
being dioecious (separate male and female plants such as Phoenix dactylifera: date palm). The
male plants do not produce seed nor fruit, so very few are needed in the commercial
cultivation of this species (certainly not 50%). The stems of the inflorescences yield potential
explants when young, and of course the fruit yields immature and mature zygotes (embryos,
seeds). Most palm seeds are drupes. Anther (haploid) culture has been tried with moderate
success.
Roots are mostly adventitious (grow from the trunk). Some palms form stilts, and many
palms lose their taproots and primary roots as they grow. Palms are relatively easy to
transplant provided an adequate root ball is preserved, and water is provided during reestablishment. The root system grows continuously. The secondary and tertiary root tips are a
potential source of explants. Some palms spontaneously form basal offsets, which can be
divided and propagated.
Palms can be divided by many characteristics such as:


Solitary stems vs clumping palms (basal offsets).



Pinnate (feather) leaves vs palmate (fan) leaves, or entire leaves (undivided).



Repeatedly flowering vs monocarpic (flower once then die).



Monoecious (both sex organs on the same plant) vs dioecious (male and female plants).

There are many species of living palms, grouped in 190 genera. This is an important part of the
plant world. Much of the research into palm micropropagation has been conducted on just
three genera of commercial significance: Cocos, Elaeis and Phoenix (coconut, oil palm and date
palm). Some work has been done on ornamental and endangered palms, but rather little. Only
a few palms are regarded as common food crops.
Seed propagation
The dominant method of propagating almost all palms is by seed. Mature seeds are collected
and sown. Success rates are reasonable, but the plantlets take several years to grow to
sellable size. The daughter plantlets are not clones of the parents, but normal sexual crosses,
subject to variation within the species. It may take 10 years or more for Cocos nucifera
(coconut) to start flowering and bearing fruit, and it may live for 100 years. This is a strong
incentive for TC, but has proven difficult to better.
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Vegetative propagation
Some palms are known as clumping palms, and spontaneously develop suckers from the basal
system. These can be divided off from the parent plant and are identical clones of it. However,
the basal divisions seldom have many roots, so need acclimation in a humid environment.
Palms in general do not form branches above ground level. Vegetative propagation is a
frequently practised hobbyist technique and is also used commercially for special ornamental
clones (for example Rhapis spp). The rate of production is very limited, and prices are high. It is
a major method of propagating date palm clones (Phoenix) though a plant may produce only
30-40 offsets in a 100-year life.
Grafting and budding are never used because the plant has only one meristem. Air layering
(induction of adventitious roots) has been successfully used on a few palms though the donor
palm may not survive: Rhapis, Pinanga and Chamaedorea. This is more a way of reducing the
height of an over-tall palm. A few palm species produce bulbils, which can be harvested and
grown on, but this is rare (eg Arenga). The propagated palms may themselves never flower
either but just produce bulbils. These are not cheap bulk techniques.
TC and immature embryos
It is possible to increase the yield of seed raising by taking immature seeds, removing the
fleshy outer layer, sterilizing, and planting the immature embryos in TC vessels. This generally
contains MS medium and agar, but no hormones (or very little). Success rates of >90% are
reported. There are some problems with acclimation, but once this is surmounted, the plantlet
grows as well as and as fast as a seedling from mature seed, but perhaps 1 year delayed. For
many ornamental palms this can be a useful technique. The daughter palms are normal sexual
crosses.
TC via callus
Most work on this technique has been done with palms of large commercial value, such as oil
palm (Elaeis guineensis), date palm (Phoenix dactylifera) and coconut (Cocos nucifera). Indeed
it may be regarded as the dominant method of propagating Elaeis in Malaysia and is fairly
common in Phoenix. Cocos is recalcitrant and much research is in this species. It has also been
tried on some endangered palms with moderate success, like Hyophorbe lagenicaulis (bottle
palm). The normal concept is to take totipotent tissue (stem cells) and treat them in TC with a
medium containing strong auxins and no cytokinins. This encourages the growth of callus
tissue in two months to a year depending on species. The auxin most commonly used is 2,4-D,
followed by NAA, picloram and dicamba. This is done in darkness.
Once callus is formed, cells are dissected and placed in a medium with low or no auxins and
medium cytokinins to induce embryogenesis. Once this is achieved, the explants are treated to
grow roots (with NAA) and leaves and eventually acclimated. Normal light/dark ratios are
used. The daughter explants are clones (but see later). Some of the remaining callus is
retained as a cell line and grown on in TC for subsequent harvesting.
There are two problems:


Where to get the totipotent tissue? Four options have been used:
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Sacrifice a seedling and harvest the meristem.



Take very young leaf tissue from the base of a new leaf. This will set the mother
plant back, but it should not kill it. The tissue you need is close to the meristem.



Use tissue from an inflorescence.



Use the tips of new roots. These are active growing points. However, root tissue is
likely to be very contaminated and hard to sterilize. It may also contain
mycorrhizal fungi.



The second problem is that the cell lines do not seem to grow absolutely true and may
have a limited life. Malformation in flowering has been observed when the plant is
mature, and other somatic variations have been noted.
Summary
Tissue culture of palms is a chancy business at present. However it is important for developing
good varieties of commercial food crops. Many palms are used ornamentally or
horticulturally. Few palm species have been tissue cultured, and generalizations are difficult. It
would be very interesting to have amateur effort put into this area (realizing that success will
be not high) in order to increase our knowledge of the possibilities in micropropagating palms.
But it is not an area for newbies.
Glossary
Adventitious roots: roots which grow from the trunk or elsewhere, unlike the specialized root
systems of many plants.
Dioecious: each plant bears both male and female gametes
Drupe: a fruit with a single seed or kernel
Entire: applied to leaf meaning undivided;
Inflorescence: the flowering apparatus — flower stalks, flowers, seeds, etc
Monocotyledon: one quarter of all flowering species are monocots, including the main food
crops wheat, rye, barley, corn, and ornamentals such as palms, lilies, orchids.
Monocotyledon = ‘one embryonic leaf’ in the seed, as opposed to the dicots which
have two. This is not a very useful way of distinguishing for the gardener but is a
fundamental difference. Most monocots have flowers with a multiple of 3 petals.
Monoecious: each plant bears only male or female gametes, not both
Palmate: the leaf is like a fan (or the palm of your hand)
Petiole: stalk of a leaf
Pinnate: the leaf is like a feather (or a two-sided comb)
Plicate: folded, like a paper fan or an origami fold
Totipotent: stem cell, able to perform any cell function if necessary
Zygote: immature plant, like a mammal fetus
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Rhapis excelsa

Archontophoenix cunninghamiana

Trachycarpus fortunei
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Information for Contributors
© Copyright 2014, 2011 HTCG

All contributions welcome
The HTCG Newsletter welcomes all contributions related to plant tissue culture. These may be
in the form of a text article (with or without images), an image with caption, a series of images
with captions perhaps illustrating a workshop, a link to a video with brief content description,
etc. Article length should be limited to 2,000 words or less. Larger articles may be serialized.
Short contributions that we can use to fill gaps in the pages are very welcome.
The subject matter may be a protocol for home plant TC, illustrations of TC,
instructions for building equipment, technical information about active chemicals, plant
propagation, workshop activities, teaching at school level or even up to university level,
sources of difficult-to-find items, syllabuses involving plant TC, etc. Letters to the Editor and
responses are welcome too. If you’ve bought a good book, Book Reviews are sought. Basically
the contribution should interest a number of members and be less ephemeral than a post on
the listserv or Facebook. Have a look at several recent issues to see what we have published,
but please do not feel constrained to only those styles or topics.

Where do I send it?
Send the file or group of files to htcgsubmissions@hometissueculture.org. You will receive an
acknowledgment from the submissions editor. Submission of an article or image constitutes
permission to publish in the Newsletter. You retain the copyright. The contribution may
appear in the next issue of the Newsletter or be held over to a subsequent issue. Rarely, a
contribution might be declined if it does not fit our aims, might be considered offensive to
some readers, or breaches privacy or the law relating to depicting children, etc.
You may be asked to make changes to the contribution, such as shortening it or giving
more data. The editors may also make some changes to the contribution for grammar,
spelling, consistency, legibility or to fit in an available space; or resize or omit an image.

How should I prepare my contribution?
We can probably handle almost anything you produce, but the easiest is to prepare and send a
text article using MS Word or OpenOffice. We can edit these easily, and they show your layout
intent. Use a single column and insert images where you want them. The Newsletter uses a 10
-point sans-serif font (like this sheet). You may prepare the article the same way if you wish
(so you can see what it looks like). Arial, Helvetica and Calibri are suitable fonts.
Images can be sent in almost any format, but those used on the Web are preferred:
JPG (or JPEG) and PNG. Bit-mapped images such as TIF and BMP tend to be huge and will have
to be converted. If you reduced an image to put in an article, please send us the unreduced
version as a separate file as well. Images should be captioned and credited.
It is a good idea to use a consistent naming scheme for your files, using your name or
initials, for example SmithPalmArticle.docx, SmithPalmFig1.png, etc. The submissions editor
has to handle a lot of files!
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Other matters
The Newsletter is intended to be read online, not printed. Please feel free to include
hyperlinks in your article, for example Newsletter #7, or if the link is really, really important
and must be visible (and not too long) ‘Newsletter #7 at http://www.hometissueculture.org/
newsletters.html’. If the link is really long, consider using the bit.ly service. A hyperlink might
point to a reference or an MSDS, or images or videos elsewhere.
Images cost us nothing except disk space and download time, so give some thought as
to whether your contribution could use a couple of good images. You might be interested in
the history of a common phrase: http://www.phrases.org.uk/meanings/a-picture-is-worth-athousand-words.html.
Because some people do want to print the Newsletter and read it off-screen, we will be
producing it in a paginated form using the pdf format rather than producing an html (web)
document. Anyone can read the pdf format using the free Adobe Reader. Print readers won’t
have access to underlying hyperlinks or videos, of course.
We discourage printing unless necessary, because it consumes trees and adds to the
CO2 load of the planet. However we recognize that some people prefer printed text. All the
newsletters will also be archived on the HTCG web site, so nobody need keep a folder of the
old newsletters printed. They will be available to consult for as long as the HTCG exists.
Please be courteous and kind to all our volunteers who produce the Newsletter. They
are giving their time and effort for free. Above all, please give us your contribution, if not now,
then in the future when your project comes to the right point. Anyone’s contribution is
valuable, newbies included. We have over 2,000 readers.
With best wishes from the HTCG Newsletter team: Arthur, Toni and Carol

Autumn color in Tasmania
Arthur Sale 2014
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Call for reviews and reviewers


Do you own an interesting book that someone else might be interested in? Please write a review
of it and send it to the Newsletter.



Are you willing to review books if we get given some? Again, let us know, together with what
books you are interested in.



Do you have any pull with publishers? Can you suggest to them that if they send us a free copy
we can have it reviewed, and 2,000 other people interested in plants (or many more) will read the
review and may buy the book.

Laelia gouldiana
Arthur Sale 2014

Disclaimer
The staff has made every effort to assure that credit is given in each article. If the reader has noted any
omissions, kindly notify us and we will make the appropriate correction. Copyrights belong to the authors
of all articles and they should be contacted individually for any reprints, permissions or rights. The views
expressed in the articles do not necessarily reflect the views of the Newsletter, nor of the Home Tissue
Culture Group and Kitchen Culture Education Technologies.

Editorial Board
The Editorial Board consists of Carol M Stiff (chief editor), Arthur Sale (co-editor and designer) and Toni
Annable (submissions editor). The editors welcome any articles for publication whether short or long,
even just interesting pictures or Letters to the Editor. Submissions should be emailed to
htcgsubmissions@hometissueculture.org. The Notes for Contributors are in this Newsletter (#9).

Publication Information
The Home Tissue Culture Group is a non-profit group based in Brush Prairie, Washington. Our website
is: www.hometissueculture.org and the treasurer/registered agent is Carol Stiff, kck@turbonet.com , 608-3022750 EIN 26-0617532. 501(c)(3) Tax Exempt—Public Charity 170(b)(1)(A)(vi).
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