Proc. Indian Acad. Sci. (Plant Sci.), Vol. 98. No. 6, December 1988, pp. 425-464,
~~" Printed in India.

Piant tissue cuiture: Perceptions and realities*
ABRAHAM
D KRIKORIAN
Department of Biochemistry, Division of Biological Sciences, State University of
New York at Stony Brook, Stony Brook, New York li 794-5215, USA
MS received 22 June 1988
Abstract. There is a perception that phenomenal progress has been made in so-called
tissue culture technologies as they apply to non-woody plants. Moreover, many also seem
to think that while temperate woody species have yielded to in t,itro manipulation, tropical
and subtropical ones have generally remained recalcitrant. An attempt has been made to
place all this in context, and to allow for emergence of a realistic conclusion of where we
really seem to be. Much progress has been made but plant tissue culture procedures sti[1
have a long way to go before they can collectively qualify, by the most rigid criteria, a s a
routine tool. If a technology is, in fact, a means to amplify our ability to do something in a
relatively, if not virtually, risk-free manner, anyone who has done much serious plant tissue
culture will know that in most cases it does not yet meet the criterion. When we can
predictably control things--with maximal certainty, risk-free, of at least with minimal or
acceptable risk, we will have a biotechnology. It sounds very modern to use the word
'biotechnology' but one does not achieve the status of a biotechnology merely by many or
most agreeing to use the term. My belief is that we work against ourselves by doing so.
Basic scientific inquiry is stifled. We still need to provide ah appropriate framework and
vehicle for basic investigations that will enable many important unanswered questions to
be addressed. From a practical perspective these include: Why does progress seem to be
slow in woody plants--especially in the case of tropical and subtropical species; what are
some of the constraints imposed on the systems being worked with; how much of a gap is
there between knowledge at the research level and application; how can one accelerate
activitics to improve both our perspective and still make positive basic and practical
contributions to this arca? A major problem has been that some systems are quite far
along in their development; others ate in their infancy. It is hoped that supporters of plant
tissue culture efforts will not abandon 5asic research programs in favor of applied
initiatives just because some species seem to be more difficult to work with initially than
others and hence will require much more time at the basic research levet, and wetl before
one can begin to develop and ultimately exploit. Basic botanical and plant cell biology
research must be fostered. Those dedicated to studying plant biology from an in vitro
perspective have a greater role now than ever to play. Responsible action is crucial.
Resistance must be given to those who prematurely insist that integration into practical
schemes should predominate our thinking and setting of priorities. At the same time there
is a delicate path that must be taken so that opportunities for learning and making basic
contributions are not missed. Plant scientists clearly have a challenge to meet. Decision
making must take into account the state of the science from the scientists' perspective--not
merely an administrative perspective.
Keywords. In vitro; tissue culture; tropical plant biology; cloning; somatic generative
approaches; biotechnology.
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lntroduction

So much is being written about the use of aseptic culture techniques and biotechnology
for plant improvement and management schemes that it is virtually taken as given
that methods are routine and applicable as tools for a sufficient number of species
to make it a worthwhile and high priority activity. Some sincerely believe that
financially remunerative enterprises that are based on the new plant biotechnologies
exist in large numbers throughout the world. In a word, plant tissue culture and
related 'high tech' activities have become commercial.
The fact is that there are very few plant biotechnology operations anywhere
producing wealth. Profits from 'sales' have been far less than from stock sales and
speculation, contract research and joint ventures. This will remain so in my opinion
for some years to come. In a word, activities performed in establishments
incorporated to do business are different from profit-generating businesses based on
sales of p r o d u c t o r services.
One sees at the outset of this paper, therefore, that my intent is to put forward
some rather controversial viewpoints. Undoubtedly there is still a huge disparity
among many of us as to what each of us thinks plant biotechnology 'really is'. This
is n o t a simple problem to surmount. I wiU try to address some of the issues as they
relate to one small area of 'biotechnology'--namely that of plant tissue culture. The
plant molecular biology and genetic aspects will not be covered here. But since in
many cases the molecular biology is intimately tied to the tissue culture or ceU
biology, the points I am trying to make will hopefully be made adequately clear if
we focus on the plant tissue culture problems.
There is such a well-developed and established infrastructure, if you will, of
publicity generated by the lay and science press that it takes courage to go against
conventional wisdom and to try to separate authoritatively fact from fantasy, and
reasonable possibility from actual achievement. It is especially difficult in the milieu
of the past several years even for so-caUed experts to assess what has really been
going on. For many, all of it is 'new'. Some may, in fact, be surprised to hear that
the word biotechnology was in use as early as 1920 (Dixon 1985). Plant tissue
culture procedures date from that period as well (Krikorian 1982; Torrey 1985).
For me, it has come down to a theme of something like 'perception versus
reality'. If a majority perceives som~hing to be so, then it seems to achieve the
status of reality. This would seem to be a sort of tacit agreement to do 'science by
committee'--virtuaUy forging ahead by other than scientific means--[legislating if
you will, scientific 'progress']. Far too few scientists have spoken out against the
abuses. The proponents of biotechnology and its followers have so effectively and so
thoroughly carried out their communicative activities, that for quite a few years,
many who were not directly involved in such work were led to believe that virtually
all the major problems of plant tissue culture had been solved and had been
reduced, as it were, to the level of a 'technology'--whatever that meant.
Part of the perception was naively generated by over-enthusiastic scientists
attempting to simplify their research activities for non-specialist audiences, and part
of it by ill-informed, albeit well-meaning, bureaucrats seeking to justify their roles as
nominal advocates of the science. Some administrators insist that any means
whereby funds can be made available for research is justified. We are told that
everything turns on programmatic initiatives. Federal agencies are constantly under
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pressure from the money-givers (in the US, Congress and their constituents) to
show rapid gains from money expended. (One of a number of arguments that ! can
make against this stance is that areas still in need of support are usually pushed
aside to make way for the 'more important' initiatives!). A particutarly sensitive and
arguable issue is that an all-too-large and effective role seems to have also been
orchestrated by clever 'businessmen' to generate profits. This was particularly so a
number of years ago when much of this whole business was taking form. The views
of more conservative and experienced plant tissue culture workers such as myself
were, in retrospect and perhaps predictably, too frankly and disturbingly objective
(Krikorian and Steward 1969; Steward and Krikorian 1975, 1979; Krikorian 1982)
to have had much success in quelling the tide of propaganda heralding nominal
successes, both scientific and commercial, on a near-daily basis.
Time has, in my view, forced a more considered evaluation of both the potentials
and real accomplishments. Most responsible scientists have 'come down to earth'
and the weaker commercial enterprises who have not had the protective cushion of
a parent organization--frequently on the order of a 'superstructure'--have left the
scene and expectations are no tonger so much out of scope with the economics. No
major and quick profits will be m a d e - - a t least based on sale of real products of
delivery of services for whiCh informed cutomers will pay (e.g. Day 1986; Crawford
1986). Even the better established companies will have pressures to meet production
costs (Jones 1986).

2.

Context

Figure 1 from Simmonds (1983a) gives an overview of the relationship of some of
the activities that one might project between in vitro methods and plant breeding.
On the left hand side, in vitro techniques are presented, and on the right hand side,
separated by a dashed line, we see genetic engineering potential. We start off, at the
top of the scheme, with a crop plant. For our purposes, we can use as ah exampte a
tree species, or woody plant, it really doesn't make much difference. We then move
to the boxes and circles which relate to tissue culture in the generic sense of the
term--that is everything ranging from, say, protoplast culture all the way to the
aseptic cultivation of an excised organ or even an intact plant. We can use excised
orderly meristems--that is to say, pre-formed meristems, of shoot tip cultures. We
can also carry out embryo culture. Embryo cutture, of course, has been used for
many years to a greater of lesser extent for the rescue of progeny of difficult crosses
(Williams et al 1987). The late Professor Harold B Turkey Sr. was the person in the
western hemisphere who popularized the embryo culture technique for woody
species--specifically stone fruit crops (Tukey 1944; Narayanaswamy and Norstog
1964). Shoot tip culture has, as we witl see in a moment, been used in the
production and multiplication of disease-free material. People are also beginning to
look into the value of the methodotogy for genetic resource col!ection, conservation
and preservation (Kartha 1985; Schaefer-Menuhr 1985). If we look at the upper
right of figure 1, where unorganized calluses, cells, protoplasts and what I call
organized propagules are listed, we see this has a connecting bridge to the other in
vitro techniques and the genetic engineering potential in that we think we can use
these methods. However, there is a question mark and a block at this crucial point.
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Figure

h Plant breeding and the use of in vitro methods. Redrawn with permission from
Simmonds (1983). See text for details.

But we have a connecting line from 'unorganized callus, cells, protoptasts and
organized propagules' shown at the upper right down to the lower left hand corner
where their use is implicated for 'somatic variation' (or what I prefer to call culture
associated variation), production of 'somatic hybrids, haploids etc'.
We have atl seen these kinds of schemes put forward in different ways, and
presented in different places. Simmonds (1983a, b) developed this scheme for use in
a very conservative, and accurate in my view, assessment of the usefulness of plant
tissue culture for short term practical gain and genetic engineering (see later). More
than several years after development of the scheme we may still ask to what extent
is all this 'reality' and to what extent is it 'perception'. I think it behooves all
investigators to put in perspective for themselves where and at what level they think
they are working. In that way one wilI become better able to communicate with one
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another and thereby perhaps make some progress. If one doesn't recognize or admit
where there are real problems and obstactes, one cannot make the first step towards
solving these.
I fault the tissue cultu¡
in no small measure for being perhaps a bit too
enthusiastic in heralding the achievements and accomplishments without drawing
appropriate attention to the still basic research aspect of our work. We would like
very much to talk about routine 'development' and 'applications' and 'grassroots
use' but in most cases we aren't yet ready. I think there is a lot of proof for this
view. The minute we try to j u m p ahead and to legislate, as stated above, scientific
progress, we end up in difficulties. I think it is salutary at this point in time that we
are undergoing a readjustment and we need frequent and open communication in
looking seriously, on a continuing basis, at where we really are. I don't think that
we can do this effectively unless we openly talk about the kinds of things that one
might even be trying to achieve when viewed from a practical perspective.
This leads me to a second objective of this overview. That is, we want to be
respectful, as it were, to what has been done from a scientific and technological
perspective, but we do not want to over do it and claim successes that are not
warranted. Succinctly put, given the descriptive, often empirical knowledge
currently available, our ability to identify a n d apply general approaches for
production is a universal frustration for anyone seeking to work with all but the
'easiest' tissue culture 'systems'.
If so-called biotechnology as it relates to things we in plant tissue culture are
often interested in were a reality~ we would all have at hand, controllable, technical
methods of achieving a given practical purpose. The biotechnology would amplify
our ability to do something in a relatively, if not completely, risk-free manner. We
would be able to embark upon highly predictable so-called 'process technology'
programmes. We would know what we wanted, more of less, how long it would
take to achieve it and would be able to effect change in detailed or precise but
important ways certain specifications in a product. We would be pre-occupied with
improving performance, cost of to make things more streamlined. Instead, in my
view, we are embarked upon programmes which are highly uncertain, albeit very
exciting and interesting. We do not always know where we are going when we start.
We often don't know how to go, or get there, and we don't necessarily know what
the final end-product will be. In short, we are generally involved in basic research
(Cocking 1987).
Plant tissue culturists will recognize against this superficial background that we
are still exploring and carrying on basic research seeking both fundamental and
technological breakthroughs. At the same time, new industries are struggling to be
created and to survive. 'New products to new markets' is a recurrent theme familiar
to most even though it may not have been verbalized as such. Plant tissue culturists
will also either know, or intuitively suspect, that there is a broad spectrum of
activity in progress worldwide in diverse quarters which is not necessarily equal in
amount, intensity or even importance. In a word, plant tissue culture is striving to
be partly a process or technique technology, and partly a product technology. As
specialists, we need to couple the two and to lengthen the continuum. If'innovation'
is apptied development or exploitation of 'invcntion', then we as basic scientists ate
obligated to contribute to the invention process of at least to try to understand the
nuances of the innovation process. We need to study the relationships to the
predicting and optimizing of applications.
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Alt will recognize that there is complexity in all aspects of human interactions.
Humans will be humans. At one extreme we have the inflated 'tissue culture
mystique', t-Iere we ate criticized as practicing some sort of 'black magic of art', and
hence ate accused by some of being unscientific. At the other extreme we have those
who state, categorically, that we already r e p r e s e n t a bona fide biotechnology ripe
for immediate and risk-free exploitation. Some are even raising ethical and social
issues that exist or will shortly arise due to existing realities (e.g. Hansen et al 1986;
Panem 1986). We can also cite examples of politicat steps being taken to control
biotechnology, and attempts even to use ir a s a lure of weapon of sorts.
Controversies over plant germplasm have arisen and provide a glimpse of the issues
that will have to be resolved (Kloppenburg and Kleinman 1987).
Inevitably, the perceptions are for the most part wrong. The reality lies somewhere
in between the extremes.

3.

Prospects

A few years ago, I tried to look into a crystal ball and project a list--albeit without
a specified timeline--of activities that currently available tissue culture techniques
could facilitate. (Note my careful use of the word facilitate. It impties that one does
not seek to reptace; rather, one seeks to amplify and give another dimension to,
existing approaches). When one takes the attitude that tissue culture is going to
replace or supercede existing methodologies, we do a disservice to all concerned.
There is a sobering effect that experience has forced on all those who would have
espoused the view that tissue culture would take the lead in the 'second green
revolution'. Nevertheless, I think i't is perfectly reasonable to state that we are able
with greater of lesser ease to accomplish certain tasks (table 1).

4.

Rapid muhiplication of select specimens

We can achieve rapid multiplication of select specimens in certain instances; in
other cases we can eliminate viruses--if we know what the virus is to begin with; we
can even eliminate viruses that we don't know the identify of using double-stranded
RNA techniques (Jordan 1986). We can index viruses ir we are careful and patient
enough. Ir takes a much longer period of time to do virus indexing than most
people are willing to acknowledge. In the pelargonium (geranium) industry of the
United States it may take several years to produce an indexed line of plants in
quantities sufficient for the market (Oglevee-Donovan 1986). All this takes effort
and commitment. This is another facet that we must be very careful about. What
time frame are we talking about? Is the answer to the question 'yesterday'--which is
undoubtedly what we would all prefer to see of hear? Or, is it 'downstream'--only
realizable within several or even many years? For bunchy top virus of bananas, a
major problem in India, the idea is that it will take some time and a fair amount of
effort to have adequate procedures in hand (Dale 1987).

5.

Germplasm introduction and evaluation

We often say it is much easier to accomplish this with tissue cuttures but this is in
theory only. It Mil have to become a reality. I have been engaged in some activities
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Table 1. Range of activities that currently available tissue culture techniques can facilitate.
Research with potential for near term impact
culture techniques can facilitate:
Rapid multiplication of select specimens
Elimination of virus and specific pathogens
Virus indexing
Germplasm introduction and evaluation
Germplasm collection, preservation and managernent
Production of polyploids, haploids, somaclonal variants for new crop
production and use in breeding, etc.
Elimination of certain breeding barriers
9 in vitro fertilization in ovulo
9 embryo rescue and/or storage
9 androgenesis
9 gynogenesis
Research with intermediate impact
AII the above in more recalcitrant species, plus
selection for complex traits such as tolerance to stress
9 biotic--diseases and pests
9 abiotic--temperature
salt
herbicides
In vitro mutation breeding
Cryopreservation
Research with long range implications
AII the above in still more recalcitrant species, plus
genetic engineering
9 transformation by selectable genes etc.
9 organelle transfer
9 wide crosses-somatic hybridization
Understanding controls in developmental and physiological processes

trying to move germ plasm around and I can guarantee you that it is not as easy as
one would hope or imagine. In fact, I presently do not know anyone who has done
it who says it is simple. It is easier to the extent that a tube(s) can be moved easier
than a heavy crate (Hewitt and Chiarappa 1977; Kahn 1986). But the machinery is
not very often in place to allow one to accomplish this easily. Even now, years after
the whole got off the ground, one frequently encounters the embarassing situation
of scientists and other formally authorized individuals tucking and secreting culture
tubes in their pockets or purses to effect germ plasm transfer. Quarantine officers
and agricultural inspectors at various ports of entry of at airports all too frequently
have no of insufficient ideas as to how cultures should be examined or assessed.
Many want to open aseptic culture vessels. Undoubtedly, more than 'fine tuning' of
the legal aspects and education of agricultural quarantine inspection offŸ
needs
to occur (Parliman and White 1985).
Moreover, one cannot assume, just because something is in vitro of in plastico
that it is free of contaminants or infestation. Certainly there is no guarantee that a
culture is specific-pathogen free. All too many 'tissue' cultures that I have seen in
circulation have not even been rigorously assessed in terms of being bacteria-free or
fungal-free (Schaffner 1979). The unwarranted assumption seems to be that a culture
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is clean because it hasn't become visibly contaminated. Only if a bacterial and
fungal culture medium is used to check, repeatedly, the cleanliness of a given culture
(and this includes cutting of materials to expose inner surfaces to ah appropriate
microbiological nutrient medium and incubation at elevated temperatures
permissive to the growth of these infestations) can one be satisfied that a culture is
acceptably bacteria or fungi-free. Simply put, material is not clean just because it is
in vitro. I have been shocked to see how few people rigorously assess the status of
their cultures (Knox and Smith 1980). Ir may not matter ir a culture is in an
organized growth mode--say a shoot tip or meristem if a slow growing or cryptic
contaminant is present (Young et al 1984). But if one attempts to work with callus,
cells and protoptasts, even cryptic contaminants can preclude success. All this
emphasizes that one should not take anything on face vatue. Although we are
scientists, we sometimes want to assume things. There is nothing that should be
assumed. There is no basis for assumption. You prove something. You demonstrate
that something is free of specific bacteria or fungus etc. The view that cultures can
never be truly axenic ought not to deter us from eliminating those agents that we
can.
6. Production of polyploids, haploids, somaclonal variants (or tissue cultureassociated variants) for new crop production and use in breeding etc
There should be no-one, anywhere, who assumes that everything or even much of
what is produced from in vitro manipulations is going to be used directly a s a
product in forestry of agriculture. Tissue culture-generated plants should be seen
more as 'ports of entry' into the conventional process of breeding and selection.
There are relatively few things--one can think primarily of floricultural or
ornamental crops--that will directly become products. Cultures ate more properly
viewed as the starting point for further genetic manipulation via more conventional
plant breeding activities. Tissue culture-derived products will more normatly feed
into the beginning of the agricuttural-horticultural-forestry pipeline; they will
generally not be the end of the pipetine. In my view one will, for the short term and
from the agricuttural perspective at best, feed new things to the breeders (Evans
1986). Woody plants and forest species witl also predominantly follow this pattern
but there will be exceptions, of course. A conspicuous consequence of all this is that
ir serves to lengthen further the time frame within which tissue culture could
possibly have a truly significant impact.
One can legitimately ask 'why don't we just carry out conventional breeding?'
This is a good question. The fact is that there are too few adequately trained
breeders--especially in less economicatly developed countries. In the developed
Countries, some 'classical' breeders are taking earty retirement because they are
frustrated by the position often taken by their administrators that they should 'retool' and 'modernize'--they should use more "biotechnotogy'. This situation is
untenable and is sure to have serious detrimental impact in the near future.
Childers (t986) has already pointed out that there is a developing crisis in
traditional horticulture. Surely we do not want to have a field flooded with
'biotechnologists' who have inadequate scientific 'corporate memory' and
appreciation as to where the real problems lie. It would be analogous to having
to 're-invent the wheel'. The availability of ah underexploited genetic reservoir of
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edible-fruit tree species in various centers of origin has been emphasized and reemphasized (Terra 1952; Jong et al 1973; Bose 1985; US Congress, Office of
Technology Assessment 1987). Exploitation of this would seem to be a worthwhile
activity. Too many people attempt to justify tissue culture for the sake of tissue
culture and all too frequently one asks, 'why are you tissue culturing such and such
a plant?', and, in turn, only a blank stare is elicited. Surely a particular tissue
culture activity should be thought through more critically!

7.

Elimination of certain breeding barriers
In vitro fertilization in ovulo.
Embryo rescue and/or storage.
Androgenesis.
Gynogenesis.

Much has been written about these but, again, we realty do not know very much
(Chapman et al 1986; Han and Yang 1986; Johri 1982; Raghavan 1986). All of these
approaches in time will perhaps have their select place. But I often wonder whether
the real advances will derive from such approaches and applications along the lines
predicted or enumerated in table 1. Obviously, I really do not know ir the listings will
have very much to do with 'reality' from a substantive viewpoint, of whether they
are and will remain 'perceptions'. Once again we come back to this recurring theme
of perception versus reality. The approaches listed in table 1 sound good. Now
the problem is to select a system and to see if we can make it work. Is the approach
applicabte or practicable under a particular set of circumstances? Clearly, the
activities cannot be applicable 'across the board'. You cannot be 'all things to alt
people all of the time'. And I think this is again one of our mistakes. We fail to
qualify adequately our efforts and to appreciate the limitations at hand.
N o w ir we talk about 'intermediate impact', we can state 'all of the above in more
recalcitrant species or materials'. What do we mean by recalcitrance? We all know
that there ate things which ate easy and those that are difficult-to-work-with. We
shalt talk about whether that is real of n o t a bit further on.
- - Selection for complex traits such as tolerance to stress.
Table 2 shows that activities related to stress research are complicated in their
own right. It is certainly n o t a casual affair. We talk about biotic versus abiotic.
In vitro mutation breeding.
- - Cryopreservation.
-

-

We ate nowhere near, in my view, achieving cryopreservation with the level of
confidence that we would like (and require). We cannot preserve things for practical
purposes unless we know that which we recover from the preserved state is what we
want. This takes time to develop and assess (Kartha 1985). It is bad enough for
temperate species (Stushnoff and Fear t985), and tropical ones will be more difficult
to deal with.
8.

Research with •ong range implications

- - AII the above in still more recalcitrant materials'.
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Table 2. Objectivesof efforts to select and/or develop stress-tolerant ptants.
9 Develop protocols for identifyingstress or environmental factors that atter function and productivity
9 Document the effects of various stress regimes or situations on physiological, biochemical and
biophysical processes
9 Develop genetic screening procedures in t me with the above processes so as to identify the existing
range of variability
9 Develop cooperative research with breeders and geneticists to ascertain the basis and mode of inheritance of any stress tolerance
9 Utilize this basic information to select and developgermplasm and growing methods that will avert or
minimize negative impact of stress
Plus what has come to be called 'genetic engineering', whatever that may really
mean (Board on Agriculture, National Research Council 1984). 'Transformation by
selectable genes etc'. There are, arguably, very few single gene traits worth selecting
for (Goodman et al 1987). They can be used as tools for research. There are not too
many that have been identified where a single gene is going to make a major
difference (Shah et al 1986). In fact, one is not always sure what one really wants in
a given plant. We are still learning (Davies 1977). There is a great deal of germ
plasm already available to breeders that has not been adequately exploited. And if
this 'gene pool' were utilized fully we could be very well-off indeed (Simmonds 1962;
Wilkes 1983; Plucknett et al 1986). Also there are many existing ecotypes that could
be tested and evaluated at various locations without ever having to be 'engineered'
Hackett and Carolane 1983 and updatings; Hackett 1987).
- - Wide crosses--somatic hybridization'.
This has been the subject of a great deal of discussion and controversy. An article
published several years ago in the New Scientist entitled 'The revolution that failed'
draws attention to the lack of progress in an area that nominatly held great promise
(Burgess 1984). All sorts of wonderful things had been projected by otherwise
r esponsible and well-known scientists from activities involving somatic hybridization of protoplasts (e.g. Cocking et al 1981). In some cases, protoplast fusion might
well be a useful research approach. In some of our daylily (Hemerocallis) work,
fusion of diploid protoplasts has resulted in tetraploids. Since tetraploids are larger,
and have more showey blooms, this is generally seen a s a positive development.
However positive this may be (Fitter and Krikorian 1988), this select case involving
an ornamental plant merely serves a s a reminder of the limited application at this
point in time on a practical level. In a predominantly clonal plant, derived from
many low-fertility hybrids, the approach seems justifŸ
Again, and for research
purposes, a similar approach with ciones of genus Musa (bananas, plantains, etc.)
can be of substantial interest (Krikorian and Cronauer 1984; Krikorian !987). The
predominantly basic research approach is emphasized by Gleba and Sytnik (1984)
and Daub (1986).
'Understanding controls in development and physiological processes'.
This last entry to table 1 is, I feel, the most important. It will more than likely be
at this point where the new knowledge that can permit applied work to go forward
will emerge. The understanding of the controls in developmental and physiologicat
processes will open the door, as it were, for the kind of achievements that we, who
have any kind of practical bent, can grow upon.
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Against the background posed above, we are, as investigators interested in plant
tissue culture, still seeking fundamental and technological breakthroughs. So we are
a bit between what is termed 'the devil and the deep blue sea' because on one band
we are achieving quite a lot and, at the other extreme, we seem to be spinning our
wheels. And again, this causes confusion because we have the conflict of perception
and the reality. Tissue culturists r e p r e s e n t a very broad spectrum of activities not
only because of their interests and aspirations, but because of their achievements in
different areas of activity. The species we work with also makes a big difference as
to where we see ourselves. Surely plant 'biotechnology' deserves to be more than
species-specific.
9.

Constraints

to p r o g r e s s

Clearly there ate constraints to progress. In table 3 some of these are listed.
Meetings are now being held which bear titles that allude to some of these. One
talks of strategies to remove 'bottlenecks to biotechnological progress'. Certainly,
the tone of some of these meetings is changing from those held only a few years
earlier. Indeed, the inevitable recognition by 'new comers' that there are indeed
major bottlenecks may be seen a s a major step forward in adjustment of attitudes.
"Constraint removal', 'capacity strengthening' ate other terms or 'buzz words' that
reflect recognition of the need to transcend existing limitations at the educational
level--both theoretical and practical.
It helps no one (especially the very investigators seeking to work with and to
understand the many intricacies of plant tissue culture) for anyone to overstate or
exaggerate the capabilities of the techniques. Work should be justified because the
objectives and broad procedures to be developed or adopted have been carefully
thought through. Moreover, it should be said that a specific goal oriented project is,
at the outset at least, being carried out as a research effort. It is essential that
workers resist with vigor, all pressures to push prematurely what are essentially
research projects into the development or production mode (e.g. Cohen et al 1988).
This is where a major challenge presents itself to researchers (Rachie and Lyman
1981; Collins 1982). Workers themselves must first fully understand what basic
research is, and, they rnust then appreciate its difference from devetopment and
production. Prematurely pushing a laboratory project to the production mode, not
only does the science a disservice, it discloses a fundamental failure in one's
understanding what the biology and methodology entails and what specific and
Table

3. Some limitations and constraints to progress in the use of plant tissue culture.

--lnvestigators and support personnel with adequate training and scientific background
- - Financial resources
- - A bureaucracy sympathetic to research with a Iong lead-time' to 'development' and administrators
able to facititate implementation of programs
--Adequate release time in universities from undergraduate teaching duties so that principle investigators can work in the laboratory
- - Recognition not only of capabilities but limitations of 'tissue culture' techniques
--Teamwork at individual, institutional, local, national and international levels
- - M a x i m u m integration with other disciplines
--Frequent communication is in process but open communication is a limited commodity
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discrete stages need to be addressed before practical applications become a reality.
Stating that we have to start somewhere is no appropriate argument. We have to
start at the basic research level!
Whereas most scientists have traditionally withdrawn from taking active roles in
what are essentially science policy--'political,' if you will---decisions, the time has
come for investigators to speak up and to participate actively in educating the
public and policy makers as to the details of their science--all this even as they do
their science (Teich 1974; Westin 1970, 1981; Gibbs and Carlson 1986). 'Those who
will not lead, will be led'. Many can recount too many stories about bad decisions
being taken because overzealous administrators failed to 'read the science'
accurately; simultaneously, the investigators themselves neglected to analyze the
facts of the case accurately (Kenney 1986).
Teamwork at individual, institutional, local, national and international levels is
critical to success. It is not easy. One has to work at this. If, as has been said, 'man
has been put on Earth so as to rise above human nature', then we may assume that
with considerable effort we can learn to work with one another.
Maximum integration with other disciplines is a major need. Even now too many
people claim that their primary scientific interest or area of concentration is tissue
culture. It would be more readily appreciated by most scientists at large, I think, if
one described one's interests as cell biological, physiological, horticultural, genetic,
biochemical, morphological etc. While we are still all too often just learning to
culture many plants, organs, tissues, cells and protoplasts, the ultimate hope is to be
able to use reliably and predictably the various culture methods as scientific tools.
Tissue culture is, for the most part, a technique still in its early stage of
development, n o t a discipline. When there is maximal integration and co-ordination
with more traditionally defined areas, the methods take on more meaning and
profit from the broader context. A broad scheme, reproduced from Thompson
(1985), into which those who are more practically oriented could integrate is
provided in figure 2. The inter-relationships and disciplinary discretions are clearly
delineated here and, in this context, tissue culture takes on a very specific
significance. Note that in this scheme plant tissue culture methods are seen as
playing a role primarily in germplasm enhancement and development. That is not
to say that it cannot and will not be of use in other contexts such as germplasm
collection and evaluation, cultivar development and commercialization. The real
question is when will this be possible for a given plant? Experienced administrators
recognize that it will be a generation or two for much of this to be a reality (Brady
1979).
9.1

Frequent and open communication

This has, unfortunately, become a problem. Although one can attend and nominally
participate in a host of meetings, if people do not communicate, then there is a
tendency for one to emerge with the perception that everything has been achieved
and that there are no 'problems'. If one 'jealously guards one's ignorance' as stated
by Prof. A N Rao of the National University of Singapore, and essentially takes
away information from a meeting but does not contribute to it----even perfunctorily-then this too contributes to the generation of erroneous perceptions as to where we
really are. The science cannot help but advance if we share information and learn
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from one another. Opportunities are constantly being created by access to new
scientific information. There is n e v e r a shortage of ideas. The steroid chemist Carl
Djerassi has commented that 'some of the things that you think are trivial may
sometimes be exactty the trivial things that someone else needs to jump on very
quickly'. I frequently think that journal editors often do a disservice to the very
discipline they aim to promote when they unrelentingly urge authors to cut down
on 'unnecessary detair in presenting materials and methods and data. We could
save much research time by having access to more detail. We frequently do not
know what is necessary and what is unnecessary detail. Similarly, putting the best
face on one's research findings, without the inevitable reservations, also can cause
the unwary to draw the wrong conclusions. The literature has become overwhelming
and there is no sign of letting up. Far too much of the plant tissue culture literature
is being prematurely published in my view and, as such, is often an indication of
what can happen versus what can controllably be made to happen. Maturity of
concept and high degree of reliability, a hallmark of the earlier plant biological
literature, is becoming a rare commodity in the literature at large and plant tissue
culture is no exception (Maddox 1988).

10. Strategy selection and approaches to aseptic culture
Any decision as to what strategy or line of research should be adopted will,
necessarily, depend on the objectives. Al1 basic research has several phases. First,
the problem is conceived, and its range and importance defined. Secondly, the best
experimental materials are found and the necessary experimental methods
elaborated. Thirdly, comes the often arduous---even tedious--work of developing
the original idea. As knowledge grows, it may be necessary to use the skills of
several workers who make a coordinated team. Finally, comes the exciting moment
when the work 'pays off' with new knowledge. This is then studied carefully for its
practical and theoretical implications. From the perspective of applying all this and
of using it as a technology, one cannot but be impressed how much of an effort it
must be. Also, 'there is technology and there is technology'! Figure 3 like many
other cartoons, reflects the accuracy of the situation. 'Not high tech, not low tech,
but the right tech' says ir all. While it may seem to some to be 'modern' and on the
forefront, or on the 'cutting edge' of scientific activity, to be doing 'high tech' work,
the fact is that the procedures that most use are not, in fact, modern inventions
(Krikorian 1982; Torrey 1985). Tissue culture procedures cannot, understandably,
be based on methods which do violence to fundamental biological facts. They are
inextricably tied to botanical realities. Indeed, only by appreciating the biological
facts--having what Nobel laureate Barbara McClintock has called 'a feeling for the
organism' (Keller 1983)--can one effectively a d o p t a n approach which has high
potential for success.
Because there is a tendency for many to speak of tissue culture techniques in a
generic way there is confusion, even among practitioners, as to exactly which given
strategy has been adopted. Table 4 lists the bulk, if not all, of the strategies
currently in use for multiplication of plants via in vitro methods.
When one looks at select examples of the non-woody in vitro systems, one cannot
help but be impressed--somatic embryos of species such as carrot can be generated
by the millions; daylilies (Hemerocallis) frorn explanted ovaries or vegetative apices
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Figure 3. Uncannyinsight and wisdom reflected in a contemporary cartoon. Copyright
1987 by Sidney Harris, Aro. Sci. 75 150. With permission.
also in huge numbers; Gerbera plantlets frorn explanted capitula in equally large
numbers; bananas and plantains by the millions; potato plantlets--including fully
functional but miniature tubers generated in v i t r o - - i n huge numbers, are but a few
examples one could cite. Since there now is a massive literature that seeks to
provide the interface between innovative breeding and various plant management
practices, and the challenges and opportunities posed by a particular species, one
can do little more than draw attention to the fact that plant tissue culture is here to
stay (Ammirato et al 1984; Bajaj 1985, 1986; Bhojwani and Razdan 1983; Bonga
and Durzan 1987a, b, c; Conger 1981; Constabel and Vasil 1987; Dodds 1983; Evans
et al 1983, 1986; George and Sherrington 1984; Green et al 1987; Pierik 1987; Rao
t982; Sharp et al 1984; Vasil 1984, 1985, 1986; Withers and Alderson 1986; Yeoman
1986; Zimmerman 1980; Zimmerman et al 1986).
11.

Are woody species more difficult to work with than non-woody ones?

Dcspitc the fact that woody specics wcrc among those that wcrc early attempted by
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Table 4.

Strategies for multiplication of higher plants in vitro.

- - S h o o t s from terminal, axillary or lateral buds
9 shoot apical meristems (no leal" primordia present)
9 shoot tips (leaf primordia or young Ieaves present)
9 buds
9 nodes
9 shoot buds on roots
- - Direct organogenesis
9 adventitious shoot and/or root formation on an organ or tissue explant without an intervening
callus
- - Indirect organogenesis
9 adventitious shoot and/or root formation on a callus
- - Somatic embryogenesis
9 direct formation on a primary explant
9 indirect formation from cells grown in suspension or semi-solid media
- - D i r e c t plantlet formation via an organ of perennation formed in vitro
- - Micrografting
- - Ovule culture
- - Embryo rescue
- - M e g a - and microspore culture
--Infection with a crown gall plasmid genetically altered to gire teratoma-like tumors
--Infection with Agrobacterium rhizogenes to induce roots on traditional cuttings
From Krikorian et al (1986).

the pioneers of what might be called the modern period of plant tissue culture
methodology development, there has been a long standing perception that woody
species are n o t a s easy to deal with as herbaceous ones (Jacquiot 1964; Abbott 1978
and references there cited). It is legitimate t¡
to ask whether there are woody
species that ate easy to work with? At the same time however, one has to qualify
the question and ask whether the perspective is one of micro-propagation from preexisting developed growing points, or from the perspective of other strategies (table
4). Based on my own experience, there certainly are woody species that are quite
tractable for micropropagation. For instance, the Cinchona species that yields
quinine and related alkaloids seems to be quite amenable to multiplication via
procedures that foster precocious branching and subsequent rooting of the
propagules (Krikorian et al 1982; Hunter 1986). Similarly, poinsettia (Euphorbia
pulcherrima) has been very responsive in vitro to attempts to induce precocious
branching. Indeed, our personal expefience with poinsettia has been of particular
significance since early dealings with latex bearing/yielding species had led me to
the view that latex in and of itself was inhibitory to the in vitro process (Krikorian
and Steward 1969). But I still maintain that success with certain latex-bearing
species is insufficient to justify any revised conclusion that the presence of latex is
not detrimental to optimal callus growth. An argument can be made that virtually
all species in the routine horticultural trade are, of necessity, readily amenable to
some mode of multiplication. It also stands to reason that a species which is
propagatable by more traditional, non-aseptic culture-based procedures, should be
responsive in vitro. Our experience is that, indeed, a species which is easy to
multiply ex vitro will be easy to multiply in vitro. I can think of very few exceptions
to the statement. In other words, in vitro methods may indeed improve, by various
degrees, a given response level, and the differences may be quantitatively impressive.
But examples where the differences are qualitative ate lar fewer--that is to say, few
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really poor responders to conventional methods become impressive responders
under aseptic culture conditions.
Such a view, if accurate a s i believe it to be, holds special significance for those
seeking to multiply a truly wide range of woody species--especially tropical,
subtropical and forestry species.
In the case of African oil palm (Elaeis 9uineensis) the responsiveness to in vitro
manipulation is much more dramatic in the case of embryo-derived or juvenile
explants (Nwankwo and Krikorian 1983). When one tries to work with explants
from more mature palms, the level of difficulty takes on a new dimension. They are
definitely more sluggish in their response (Krikorian and Kann 1986a; Krikorian
1988a). The Chinese tallow tree, Sapium sebiferum, (Euphorbiaceae) follows the
same pattern. Seedling responses in my laboratory have been rather easy to eticit
and precociously branching systems can be sustained. When one undertakes
manipulation of explants from mature trees with demonstrated qualities and
characteristics (Scheld et al 1983), the problem becomes very different. In the first
instance ir becomes very difficult, virtually impossible, even to get clean explants
from field collected materials. We have thus had to make cuttings, root them in the
greenhouse and then force new growth under 'clean' conditions. In those situations,
one can achieve nearly 100% non-infected or disinfested cultures. Even so, because
the Chinese tallow materials under study derive from open-pollinated seedlings,
they are highly heterozygous. The variation in responsiveness among various (and
vegetatively) cloned trees has been tremendous. Some have responded quite well,
whereas others have been poor responders (figure 2 of Krikorian and Kann 1987).
On occasion I like to think that the variation in responsiveness is due to a sort of
'in vitro management' deficiency on our part. This follows from an acute
appreciation (that most expe¡
workers share) that there are various growth
modes that can be fostered at will and maintained under aseptic culture conditions.
When we elect to follow rigidly a particular strategy in multiplication, we probably
preclude at least a few opportunities to learn the breadth of responsiveness of the
system. Ir may well be that various individuals might be better responders under
one set of conditions versus another, o r a s a result of one strategy versus another.
Also, part of the disadvantage or 'price one pays' of using, too early on the
'learning curve', a 'production mentality' that often dictates one should use (for
reasons of economy etc.) a single medium for all individuals of a given species in
that one tends to ignore what 'the system is trying to tell us' about its growth
characteristics in vitro. In the 17th century, Nehemiah Grew, the father of plant
anatomy in the English speaking world, said we must 'woo mother nature'. To now
think that we can, at the outset, impose management regimes on in vitro systems is
a delusion. I, myself, have still not come to any firm conclusions about what are
being called 'consensus media'. These media are viewed as good for quite a few
individuals, albeit not all. If the response is sufficient for a given purpose, then it
can be adopted. Those individuals of a species which do not respond, don't matter,
as it were. They 'fall through the cracks' (Christianson and Warnick 1985).
One should not, however, make the mistake of thinking failure to induce
precocious branching, or shoots or roots on of from ah explant is a 'management
problem ~. Ir is a basic science problem because we imperfectly understand the
control mechanisms that relate to root initiation and formation, and growth, and
bud and shoot development.
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Culture-a~ociated or somaclonal variation

No-one needs to be reminded that there are serious questions about the truenessto-type of mate¡
generated via va¡
in vitro culture techniques. The situation
involving aberrations in the ftowe¡
process in certain, nominalty clonal, oit palm
plantings in Malaysia has emphasized that one is still essentially at the basic
research stage and not yet at the production stage (Corley et al 1986). It is
apparently unclear exactly what went wrong in the process but it has been
suggested that progeny of embryogenic cultures of oil palm which were still rather
new in terms of their duration in vitro have been clon•
stable (e. g. Paranjothy
1987). But, as the length of the aseptic culture period during which somatic embryos
were replicated or multiplied became extended, the regenerates from these otd
cultures deteriorated in their performance. It is well-known that older cultures may
decline in their ability to yield true-to-type progeny (Krikorian et al 1983). I hasten
to add, however, that this is not tied to age of the culture alone (Kriko¡
1988a, b, c).
The distressing feature of the oil palm fiasco to me, however, is that vegetative
growth in the 'off-types' had been described as perfectly normal and only with the
onset of flowering did the undesired variation show up. This means, of course, that
unless one can guarantee clonal fidelity, the tissue culturing of oil palm for
multiplication purposes is reduced to (elevated to?) an academic (and very
important, I might add) exercise. None but the most research minded and wealthy
grower is going to assume very readily the risk of raising in vitro-generated plants
for several years only to discover that as the trees come into bearing age that their
flowering biology is •
thus jeopardizing the harvest!
Whatever the cause(s) of the abnormalities ultimately turn(s) out to be (Krikorian
1988a, b), I feel it would be instructive to be precise in describing what is meant
by the relationship of clonal fidelity (or more accurately in this case, clonal fidetity
of floral or reproductive biology) and duration of culture maintenance in vitro. The
duration in culture must be qualified by the rate of cell division or the number of
cell division cycles that the "stem line' of the regenerative material underwent. If a
slow growing regeneration system---embryogenic or otherwise--is sustained in
culture for a long period, clearly the implication of this for occurrence of change of
any sort in it will be different from a regeneration system that is fast growing and
the number and rate of cell divisions is rapid. In the strictest use of the description
'duration in culture', one must also have information on the details of the
regeneration including the cell biology of the mode (D'Amato 1986). Similarly, 'zero
growth' or low growth or maintenance level growth can mean different things.
13.

Possible causes of somaclonal variation

The number of possibilities as to what might go astray in a given culture system is
great. In rabie 5 I have enumerated some of the possibilities. There is no pretense as
to the completeness of this tisting (Pearson 1968; Siminovitch 1976; McClintock
1978; Larkin and Snowcroft 1981; Burr and Burr 1981; Earle and DeMarly 1982;
Krikorian et al 1983; Walbot and Cullis 1985; Snowcroft 1985; Karp and Bright
1985; D'Amato 1986 and references there cited).
AII this emphasizes that until we learn to control cultures fully, one will not be
in a strong position to use tissue culture for clonal multiplication of such things as
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Table 5. Possible causes of somaclonal variation.
o Specific karyotype selection from mosaic, chimeric and polysomatic tissues and plants
o Karyotype changes due to differential response to culture procedures (media composition and/or
environment)
--non-disjunctional aneuploides in culture
--mitotic arrest leading to polyploid lines
Somatic segregation, gene rearrangements or mutations of the karyotype
o Gene amplification of diminution
o Virus elimination from selected lines of a culture
o Rearrangements or mutations in organetlar genomes
o Altered nucleo-cytoplasmicinteractions resulting in regulation changes
o Sudden reorganization of the genome by transposable elements
o Variegated position effects of chromosomal rearrangements (inversions, translocations etc.)
o Late replication of heterochromatin

horticultural or plantation crops or rigorously managed plantings of forest species
unless we establish experimentally that a given protocol is reliable (Krikorian et al
1981; K a r p and Bright 1985; Snowcroft 1985). In plantation crops, which generally
have very stringent agronomic characteristics, any constraints or undesirable
variations imposed on the qualities or features of the crop spell disaster. Dessert
bananas grown in central and Latin America for export to north America or
Europe are a good example of such a plantation crop. The management of the
plantations is so tightly controlled and orchestrated that there are few degrees of
freedom. The acceptable limits of deviation from the 'norm' are well-defined and if,
for one reason or another there is a change, it is cause for alarm (Stover 1982; Rowe
1984; Stover and Buddenhagen 1986; Krikorian 1988a, b).
Recently, there has been some concern in the export banana industry, especially
in the western hemisphere (but also in Taiwan, Australia, Israel and west Africa),
over the high degree of lack of fidelity in certain tissue culture multiplied dones
(Stover and Buddenhagen 1986). Plantings in Jamaica, derived from a commercial
laboratory in the US, yielded very many (25%!) off-types (The Daily Gleaner,
Kingston 7 0 c t o b e r 1986). Many of these off-types, like those in the oil palm,
became particularly conspicuous at the flowering stage. The plants were derived
from highly organized shoot tip cultures (Oglesby and Griffis 1986). Whether the
off-types arose as a result of what one might designate a poor tissue culture system
management scheme, error in judgement during setection or from other reasons
related to such phenomena as listed in table 5 is not known (Krikorian 1988a, b).
A cooking banana clone (Musa ABB, ' C a r d a b a ' ) multiplied in my laboratory at
Stony Brook, reared to maturity in Puerto Rico with the collaboration of Dr Heber
Irizarry and co-workers and rigorously evaluated, sh0ws high clonal fidelity
(unpublished results). One has to be very cautious, therefore, in drawing broad and
sweeping conclusions of tissue-culture generated plants of any species. There are
clear indications that some Musa ctones show a rather high degree of clonal
stabitity after in vitro regeneration/multiplication; others, like 'Grande Naine', a
commercially important dessert banana of importance in the export trade have
tended thus lar to show much instability. One would, of course, like to know what
renders one clone unstable and another less so. It has been suggested to me that
'Grande Naine' represents a clone that tends to show more instability even when
multiplied vŸ conventional agronomic means. But there are reports on 'Grande
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Naine' being multiplied in vitro with nominally very high levels of fidelity (Arias and
Valverde 1987). One could argue that it is due to the methodology employed or the
material. Indeed, there is in the case of the banana clone 'Grande Naine', as there is
in the case of all 'clones' of any vegetatively propagated plant, considerable range of
phenotype. No two populations of 'Grande Naine' will be precŸ
identical when
eneountered in different locations.
Al1 this underscores the level of our misconceptions and ignorance. The
'conventional wisdom' has been that virtually all plant materials generated from
shoot tips of highly organized propagules, ir you will, are stable. Strawberries a r e a
good example of an exception to this statement (Marcotrigiano et al 1987).
Materials generated via callus, cell suspensions etc have a much higher tendency to
show culture associated variation. In the case of bananas and plantains, knowing
what I did about the evolution and clonal nature of the genus, I took a conservative
stance at the outset of our studies and predicted that change---even from shoot tips
and meristems--could be anticipated. None really believed us--this is a good
example of what I call 'most people hearing what they want to hear' (Krikorian and
Cronauer 1984). It again becomes abundantly obvious that we do not have the fully
reliable and firm access to the 'tezhnology' that some have claimed us to have. In
view of examples of the sort just given, one even seriously wonders ir tissue culture
can be considered a bona fide 'tool'--even in the so-called easy situations. It may be
a 'device', it may be a 'means', it is certainly a 'procedure' that can be investigated.
Not much more--yet! If we persist, one day it will be.
The argument that tissue culture-associated variation may be a great boon to
agriculture (Larkin and Snowcroft 1981; Snoweroft 1984; Evans and Sharp 1988) is
more than likely a red-herring and looks better on initial observation than on
careful analysis (Sybing 1983). Ir one were to attempt an inventory of materials so
generated that have made a positive and substantive impact at the practical level,
one would be hard pressed. To the contrary, the variants or 'somaclones' are
frequently completely worthless. On the other hand, I think that the effective study
of the phenomenon(a) is crucial to our understanding of growth controls and
development. The key(s), ir indeed there is a single key, to knowing those
mechanisms that confer or control plasticity in plant phenotype and genotype
(Jennings and Trewavas 1986) may well be accessible through the study of
somaclones.
One may well ask whether the problem of somaclonal variation has the same
implications in the instance of tropical and subtropical forest species that it has in a
rigorously managed tropical plantation crop comprised of, say, dessert bananas for
export, rubber trees or even oil palm. My feeling is that it is perhaps not quite as
important--certainly not in the early stages of research where one is just learning
how to grow materials in vitro.
Whereas one can identify elite individuals or at least individuals with highly
desirable qualities within a relatively densely grown population of an exotic
commodity or foresty species such as Eucalyptus of Acacia etc. (Hartney 1980;
Shepherd 1986), it becomes more difficult to do so within a stand of trees growing,
say, in a tropical rain forest. They may not--indeed, they most likely will not--be
growing in a 'stand' in the first place. They will be spread out, often growing
substantial distances from one another. Features of growth may not easily be
discernible or distinguishable because of microecological variables. Flowering
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patterns of floral biology may not be accessible and the practice of felling a very tall
tree to collect herbarium specimens, once commonplace among field botanists, is
largely a thing of the past. Sharpshooters who can retrieve precise samplings are
no,t readily available. In short, in many cases we do not know what an elite
specimen might comprise, so it becomes a moot point in the initial tissue culture
process.
It may indeed turn out to be a 'blessing in disguise' for those seeking to work on
the tissue culture of rather rare or uncommon tropical and subtropical forest trees,
or those of commercial value for their timber etc. but which have not been reduced
or 'elevated' to controlled forestry planting practices (Douglas 1972a, b, c). Since the
field is wide open, and we are at the earliest of stages of dealing with these species
in vitro, it serves no useful purpose to carp about the problems inherent in the tissue
culture process of forest species. The recommendation would seem to be to learn all
that one can about the species and then worry about problems a given system
might pose to those wishing to use tissue culture for production purposes. Arguing
the pros and cons of large scale clonal plantings is, to me, a bit like 'putting the cart
before the horse' (McKeand and Weir 1984; Bey et al 1986a, b).
One feature of the tissue culture work that has been done thus lar on many
woody species, especially tropical forest trees, is that the potential strategies
outlined in table 4 for use by tissue culturists become a largely theoretical issue.
Rather than adopting a particular approach for multiplication, such as
micropropagation via forced or precocious axillary branching (a method adopted in
my laboratory for multiplying Cinchona, Sapium, Vaccinium, Euphorbia, Hevea, etc.),
one sees a predominance of strategies or devices that reflect the fact that one
follows a, or the route of multiplication that one is able to use. In a word, the
response of the biological system may 'drive the approach'; the approach does not
determine or impose on the plant, a given response. In those cases where one has a
better idea of what the range of responsiveness is, one can then 'backtrack' and
determine through research a strategy of choice. We often 'take what we can get', at
this stage of our science (Bonga and Durzan 1987a, b, c).
It may also be that a given approach has a greater inherent risk for generation of
culture-associated variants (George and Sherrington 1984). From my perspective,
this is still far from being settled and probably never will be. This is because of the
very fact that different plants may respond differently. Also, now that workers are
more attuned to the phenomenon of somaclonal variation, there is much-more
awaren~ss and desire to compare, rigorously, tissue culture-derived progeny with
the starting material (Krikorian et al t981; Evans et al 1984; D'Amato 1986 and
references there cited). The fact that in vitro generated clones are being looked at
more carefully than ciones generated by non-in vitro means have ever been
examined, seems to imply that, some are hoping to elicit stabitity responses from
tissue-cultured materials at a level greater than that achieved by mother nature.
Similarly, the level of stability achieved often becomes a problem of interpretation
untess one compares 'ciones' generated by in vitro and non-in vitro means. From a
practical perspective this becomes a 'catch 22' since the very purpose of cloning an
›
or isolated, frequently unique, specimen is the very fact that it is in limited
supply. One does not know the level of expected variation within the original clone.
Intraclonal variation has long been recognized (Jackson et al 1985).
One feature of agri-forestry species, tropical timber trees and other woody species
destined or projected, or at least valued for potential large-scale plantings, that
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imposes a particular perspective for me is the following. If truly large plantings are
going to be needed, however lar off in the future, as indeed [ and many others
betieve to be the case, then the approach of strategy, if you wilt, of choice will
necessarily implicate suspension cultures that are capable of yielding somatic
embryos or related propagules (Steward and Krikorian 1975, 1979; Durzan 1980;
Krikorian 1982). No other means that I am aware of can fulfill this requirement of
large numbers in a timely and cost-effective manner. Also, if one anticipated ever
being able to push basic, and eventually, applied, research on such woody species to
its logical, maximal level (whatever that turns out to be), cells and protoplasts must
perforce play an essential role in the process (figure 1). One simply has to recognize
that one will have to at least evaluate the potential of this strategy (Hakman et al
t985; Tulecke and McGranahan 1985; Gupta and Durzan 1987).
In my laboratory, such motives and prejudices have constrained us to work, over
many years, with cells in suspension of several monocotyledonous species that
interest us (Krikorian 1982; Krikorian et al 1986; Krikoria and Kann 1986a, b;
Krikorian et al 1988a, b). Our work on daylily (Hemerocallis) has shown that
suspension-generated plants can have a high degree of clonal stability; protoplastgenerated plants are, however, of much higher variability (Fitter and Krikorian
1988). I have no doubts, however, that other species might not follow that pattern.
14o Biology of explant source
The strategies enumerated in table 4, necessarily have consequences for the choice
of starting material. The regrettable fact is, however, that we frequently have very
poor, in some cases virtually no, information on the basic biology--physiology,
biochemistry, anatomy, morphology and genetics of tropical and subtropical woody
species. This is not only true of forest species but the statement is distressingly
applicable to tropical tree fruit species as well (Ferwerda and Wit 1969; Page 1984;
Bose 1985; Morton 1987 and references there cited). In addition to the shortage of
information, one has also to deal with the perennial problem of limited accessibility
to very good information on temperate trees (Schaffalitzky de Muckadel 1959).
Clearly, an appreciation, if n o t a n understanding, of biology and growth habits is
c¡
to any informed decision-making, especially as to time and site of
explantation (e.g. Wycherley 1973). Even the range of diversity of form is staggering
(Halle and Oldeman 1975; Halle et al 1978; Fisher 1986). Some might assert that we
ate not necessarily that much bettel off in the case of temperate species but some
excellent reference resources are available at least with reference to the classical
Iiterature (e.g. references cited in Matthews 1976). Also, new journals dedicated to
woody species are emerging--e.g. Trees, Springer Verlag, vol. 1, 1987.
It will be like 'preaching to the converted', I hope', ir I deplore the fact that we are
frequently attempting to multiply and manipulate in vitro systems that we know all
too little about e x vitro (Garner et al 1976; Macdonald 1986). Be that as it may, one
can argue that all we can do is to try to make progress. At the same time, drawing
attention to the facts of the situation might convince bureaucrats to recognize the
need for supporting a broadly based programme of basic, botanical science. Tissue
culture of "biotechnology' cannot replace the dearth of basic information; it can
only suffer from the lack of such baseline data. Indeed, ir is dependent on it.
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How much of a gap is there between knowledge and application?

The foregoing underscores the view that we definitely need more basic information
on the systems that we seek to work on. On the other hand, we have a situation in
which we do not always utilize that information which is available and could be
drawn upon. Part of this, as stated, is due to our attitudes and inappropriate
outlook on the entire process of plant tissue culture; part of it is due to an
information block or lack of awareness of what is going on at the forefront of the
field (Hutchinson and Zimmerman 1987).

16.

Explant origin

The range of explantation sites available to the researcher is very large (table 4).
When an investigator initiates a study it is a good approach to try a broad
sampling of materials. In the first instance, the ones tried might well be determined
by availability. Even in regions where a particular species is endemic, it may not be
all that convenient to get specific material at will. While working with seedlings and
juvenile materials is not to be preferred, it might be advantageous to learn how to
approach a system using such materials. It can provide an idea as to what one
might be able to expect of a species in terms of case of obtaining disinfested
materials, level of responsiveness etc. By the same token, one should as soon as
possible seek to extend findings obtained with seedlings and juvenile materials to
choice materials (assuming these are in relatively large supply). In general, one
expects to achieve a more responsive situation in younger material. But the concept
ofjuvenility can be extended to mature individuals as weU, and should be.
Juvenility and age gradients in a regularly shaped (excurrent) conifer and a
deciduous hardwood species are shown in figure 4. In the conifer, the a b axis
represents youngest to most mature respectively. The laterals are shorter than the
internodes they originated from; the distance ab is greater than ac, and ac is greater
than ad, and ad is greater than ae, and ae is greater than al Thus b i s the most
juvenile meristem shown. In the hardwood, density of cross hatching indicates the
level of juvenility. Epicormics (branches developing from dormant buds on the
trunk), spheroblasts (wood balls from dormant eyes disconnected from their
vascular bundles), stump sprouts and severely pruned trees are all juvenile. Obtuse
branch angles, single trunk and retention of leaves close to the trunk in winter also
characterize juvenility (Zimmerman 1976; Bonga 1982).
In order to take advantage of an understanding of growth habit and patterns of
maturation, it is essential that the person intending to carry out the tissue culture
go to the field or forest with those most informed on matters of growth and
development of the plant. Al1 too often, the laboratory scientists fail to examine
their materials as they grow under their natural habitats or plantations conditions.
This deprives them of a first hand awareness of any distinctive phasic patterns of
growth, features of habit such as orthotropy, plagiotropy (e.g. Krikorian 1985),
features of environmental requirements (e.g. bright, direct versus indirect, subdued
bright; soil pH; humidity; moisture requirements, etc.). Asking field-oriented
personnel and colleagues who do not know anything about plant tissue culture to
collect starting materials without prior detailed discussion is a mistake. It is critical
to call upon them for help but one should at least initially go to the field with them.
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Figure 4. Juvenility and age gradients in a regularly shaped (excurrent) conifer and a
deciduous hardwood species of decurrent habit. Redrawn with permission from Bonga
(1982). See text for details.

I have been disappointed to sce materials repeatedly placed in vitro with little
regard to precise origin or developmental stage. Precautions should be taken at the
outset to note the site of explantation along ah axis; notation should be made as to
distal or proximal end as well (acropetal or basipetal segments are rather easy to
denote by the angle of cut such as accurately transverse versus oblique etc.).
Horizontal position of an explant in of on the support medium where applicable-in, on or partially submerged in the medium; stuck upright of inverted in the agar
etc.--all should be tested until information is obtained that ir does of does not
matter. The same holds for season or time of year, month and day for explantation.
Even such seemingly obscure matters as cutture vessel size, ratio of explant number
to medium volume, symmetry of placement in a vessel etc. need to be noted. Ir ah
explant is touching the wall of a flask, for instance, this may stimulate ethylene
production. The literature is replete with evidence (much of it not stated as such)
that in certain instances each of these features is very important to the successful
culture process.
Sources of explants currently viewed as somewhat unconventional should be tried
as well. It has been known for quite a long time that certain species--including
those of woody plants, exhibir the phenomenon of polyembryony (Gustafsson 1946).
One of the classic examples is nucellus-derived somatic embryos of Citrus
(Rangaswamy 1961). Mangosteen, Garcinia mangostana, was recognized long ago as
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asexually producing 'seed' as well and thus essentially cloning itself (Horn 1940).
The literature is growing on the number of species that can be stimulated to form
somatic embryos from explav.ted ovular of nucellar tissue (Litz et al 1985). While it
is true that one is in most tases merely enhancing by in vitro means a naturally
occurring phenomenon, the fact remains that such studies can only increase our
understanding of underlying control mechanisms (Hanna 1987). It can also provide
materials with which to study transition from juvenile to mature forms and retated
phenomena like topophysis (Zimmerman 1976).
Using roots as a source of explants is another approach which is too infrequently
attempted. Isolated shoot tip explants which ate rooted in vitro can provide roots
for excision and manipulation. As is well known, shoot buds may exist on roots but
are restrained from growth by correlative influences (Dostal 1967; Nozeran 1978).
Even cases can be documented where no shoot primordia are known to exist in the
root but can be stimulated in vitro by use of growth regulators etc. The oil patm is a
good example of this (Krikorian and Kann 1986a, b). Clearly we need more
information on the basic phenomenon of root formation and growth (e.g. Thornley
1977).
Another point that I should like to make is that very often we have inadequate
information on the rooting ability of a given species, or not infrequently, we have
misconceptions on how difficult it really is to get roots on conventional cuttings e x
vitro. I have personally encountered more than a few situations in which it has been
stated that rooting was very difficult, ir not impossible. After further inquiry, it
surfaced that no growth regulators or bottom heat or misting or fogging or
anything else that one could call a %tate of the art' conventional horticultural
propagational tool had been tested simply because they were not available (Garner
et al 1976; Hartmann and Kester 1983). Leaves also can provide starting materials
for multiplication operations. Too little attention has been paid to this potential
with respect to woody species (e.g. Hagemann 1932; Billings et al 1988). In the case
of Coffea, somatic embryos have been generated from leal explants (e.g. MichauxFerriere et al 1987).
One might, in other cases, be resorting to plant tissue culture micropropagational strategies when they are not warranted because of disinforrnation of
misinformation.

17.

Growth regulators

Plant tissue culture workers are frequently preoccupied with added growth
regulators--not only in terms of their identity but their level (Reynolds 1987). The
early and important finding by Skoog and Miller (1957) that auxin; cytokinin ratios
could determine whether shoots or roots formed in a given situation has
dominated the thinking of most workers for too long, in my view, but there are
signs that things ate changing. Too many plants have not yielded to the
maniputations that one would have prophesied on the basis of a control mechanism
based directly on auxin:cytokinin ratio. The less narrow view which ptaced
emphasis on the multi-component and multi-variate aspects of chemical plant
growth regulation put forward (Steward and Krikorian 1971) was largely rejected
because ir could not be dealt with simplistically but it has now begun to be better
appreciated. While more is being learned about growth regulators every day
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(Davies 1987), we still have far to go to have a complete story. Lynn et al (1987)
have isolated and identified a new class o f growth regulators, dehydroconiferyl
g l u c o s i d e s - - D C G s that are related to lignins. These seem to be controlled by
cytokinins and are to be seen as being at least a step closer to a controlling
mechanism for cell division (Binns et al t987). A major frustration for the person
doing tissue culture is to have to deal empirically with each new situation. It is also
becoming increasingly clear that one can do a great deal without exogenous growth
regulators (Smith and Krikorian 1988).
Nevertheless, there are certain 'tricks of the trade' that are gained through
experience. Use of Latin square experimental designs in which one varies two
components, say auxin versus cytokinin, have been a mainstay of tissue culture
methodology. But it can be useful in certain cases to try multiple auxins and
multiple cytokinins. This device tacitly acknowledges that the presumed receptors
or sites of action may not be exactly the same for each class of chemical substance.
There is evidence that combinations can bring about better responses than
substances used singly. Quantities of several chemicals that are equivalent in molar
a m o u n t to that used of a single substance may yield a response far in excess of what
one might get with the one alone. Synergism is a phenomenon that is not wetl
understood (Krikorian et al 1987).

17.

Adjuvants and modulators

While one can easily become engrossed in the matter of cytokinins and auxins,
there ate a host of other substances that can influence and modulate in vitro growth
responses (Steward and Krikorian 197t; Reynolds 1987; Krikorian et al 1987).

18.

Activated charcoal

Activated charcoal has been used for many years as an adsorbent of presumably
toxic chemicats in the growing of plants. Epiphytic orchid growers have long relied
on charcoal chips as an additive to their substrates. The earliest use of activated
charcoal in an aseptic tissue cutture medium that I have been able to track down
relates to use with lower plants (Proskauer and Berman 1970) and it was also
extended to orchids around this time (Werckmeister 1971). Activated charcoal can
provide a darkened environment for growth of roots but since it is 'activated', it
does things additional to merely darkening the medium. Some years ago in my
laboratory, Dr Madhav Singh of Department of Biochemistry, Lucknow University
and I decided to check the impact of providing cultures a darkened root
environment versus a darkened and activated one. L a m p black was purchased and
exhaustivety washed with petroleum ether in a Soxhlet apparatus to get rid of toxic
components and then washed with water and dried at a relatively low temperature.
Activated charcoal was washed and re-activated with HCI and dried at activating
temperatures to provide a source of freshly and uniformty activated source of
"activated charcoal'. The data obtained, which will not be presented here, indicated
that in some cases mere darkening of the medium was suffŸ
to generate a
healthy crop of roots. If activated charcoal was used, the level of auxin (or other
growth regulator) had to be increased up to 100-fold since it was being adsorbed
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and thus not becoming as readily available to the tissue being stimulated as it
would be in the absence of the adsorbent.
What I am saying is that one can conserve growth regulators in some instances
such as rooting experiments by using media darkened with non-adsorbent materials
like non-activated but rigorously cleaned lampblack. Wrapping aluminum foil
around the bottom of a tube to ~darken' the roots is generally inadequate since the
surface of the agar medium is still exposed to light. In fact, it may do just the
opposite since with partial obscurity, one is creating a lens effect.
In other instances, the use of activated charcoal can make a major difference in
the success or failure of a given culture attempt (Bon et al 1988). Activated charcoal
does adsorb growth regulators but it also adsorbs substances presumed to be
injurious like certain phenolics, oxidized polyphenols, cell lysis products etc. Gases
like ethylene and methane likewise thought by some to be counter-productive to
tissue culture efforts can also be adsorbed. We again know all too little about the
role of controlled release of growth regulators of adsorption of metabolic byproducts to make generalizations. One has to run controlled experiments to see
what the effects ate in a given case.
Having said the above I will interject here that it is important in a controlled
experiment to use properly activated charcoal. Too many workers rely on brand
name sources of activated charcoal. The fact is that activated or decolorizing
carbon becomes deactivated with time and in order to have uniformly activated
stuff one should carry out re-activation in the laboratory. This is achievabte by
several means but one approach ' is to expose (via refluxing in a fume hood) the
charcoal with hot 2 N HCI (preferably in a Soxhlet apparatus using an acid
resistant 'thimble'--but a beaker with glass boiling chips Mil do), exhaustively rinse
with water to get rid of excess CI- (check with A g N O 3 solution to the point where
there is no precipitation of AgCI noted) and dry in an oyen at around 110~ for
several hours to completety dry. Heating also drives off any oxygen that occupies
the sites available to adsorption. The charcoal can thus be stored in a desiccator
and used as necessary*. Activating a quantity sufficient to last a year is n o t a great
inconvenience and eliminates any doubts as to level of activation if charcoal is used.
Although one reads and hears of the superiority of one brand over another, it has
no defensible basis in fact. There is a large literature on activated charcoal that is
available to all (Houghton and Wildman 1971; Dandy 1977).

19.

Phenolics and other adjuvants

Phenolics frequently have the connotation of substances to be avoided since in the
oxidized forro they are perceived as inhibitory to growth. Primary explants of
woody species, especially tropical and subtropical woody species, seem to be very
prone to darkening in t,itro and it has been assumed that this is the direct result
of stress and polyphenol oxidase-induced chemical reactions (e.g. G o o d m a n et al
*For 20 g of charcoal to be reactivated, use 250-300 mi 2 N HC1 in a 500-600mi beaker and heat to
boiling with continuous stirring. Boit for 3-4 h in a fume hood. Coot to room temperature and wa~h with
distilled water until CI- free on a Buchner funnel. Warm distilled water (-~ 50C or so) removes CI
more easily. Ten to 20 litres of water may be necessary for washing. When using nominally activated
charcoal that has been activated sometime earlier, heat first at 110~ for an hour or so.
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1967; McClure 1979 and references there cited). The oxidation products of
polyphenols ate seen as normal responses to insect and fungai attack and injuryrelated responses etc. (Uritani 1978; Vaughn and Duke 1984).
Whether extra-ordinary attempts should be made to minimize, counteract of
otherwise eliminate the blackening of darkening responses is a matter that is
fraught with much controversy (figure 5). No doubt that as many opinions could be
elicited as persons surveyed. In my view, use of antioxidants can help a bit but they
rarely, if ever, make the difference between success and failure.
If one subscribes to the view that the production of black or brown substances by
cultures in vitro is a reflection of a normal response mechanism being incited by the
culture process in species capable of producing phenolics in quantity, several
alternatives present themselves. (i) Ignore the darkening and ascertain whether
some of the tissues are adversely affected or not. Ptenty of tissues which initially
appear very dark brown or black can grow very well. (ii) Ir the darkened tissues do
not grow, ascertain whether sectors of the culture remain unaffected and do not
blacken or darken. Selection of non-darkened tissue capable of growing can be
carried out and stocks thus can be built up. (iii) Another strategy to be adopted
involves frequently--as frequent as daily--carrying out transfers to fresh medium to
eliminate or at least minimize accumulation of presumed toxic substances. If the
conditions for growth ate permissive, then one might, in effect, outpace the
darkening phenomenon and/or 'turn it off'. (iv)Turning off the darkening
phenomenon can on occasion be achieved by driving the reaction to the right or left
by deliberately providing an abundance of precursor of the oxidized product.
(v) Lowering of copper (Cu+2), the co-factor for polyphenol oxidase, in the medium
by omitting copper sulphate from media recipe can be helpful. There is plenty of
copper in a medium since ir is a ubiquitous trace contaminant and omitting it will
usually not cause deficiency. (vi) A prolonged period of culture in lowered or total
absence of light can favor decrease of darkening (e.g. Zaprometov 1978). One
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cannot generalize but darkness generally brings about an increase in the level of
phenolics whereas light does the opposite. The role of phenolics is very complex and
the value of the addition of these to a given culture medium should be determined
with care.
There a r e a number of additional strategies that have some usefulness. Reducing
agent 'washes' comprised of ascorbic acid, citric acid and/or cysteine have been said
to be helpful by some, Since they ate heat labile, they should be prepared and used
after filter sterilization. Substances tike dithiothreitol (DTT), otherwise known as
Cleland's reagent, are reportedly effective as well. Reuveni and Golubowicz (1983)
have used a sotution of 100 mg/1 of D T T as an anti-oxidant while making cuts on
date and banana tissue cultures. They also have used citric acid 2000 mg/l and
ascorbic acid 150 mg/1 as an alternative. In date palm tissue culture, caffeine,
2000mg/1; sodium diethyldithiocarbamate 1000mg/l; and polyvinylpyrollidone
(PVP) 1000 mg/l has been used to keep sterilized material from darkening prior to
final preparation for tissue culture. Other recipes call for 500 mg/l PVP and
250 mg/1 ascorbic acid (Rhiss 1980). There are namerous substances that can be
tested and added but one wonders ir their use is justified. D T T is used a s a
protecting agent for sulfhydryl groups in the isolation of enzyme proteins and hence
can be thought of as an agent capable of maintaining monothiols completely
reduced and disulfides quantitatively reduced (Cleland 1964) (figure 6). Attempts to
confirm this allegedly beneficial activity of D T T in my laboratory have not been
successful (Ziv and Halevy 1983). Most of the other anti-darkening agents other
than activated charcoal have tikewise been adjudicated by us as virtually worthless.
We have adopted therefore the view that darkening of the medium is not
necessarily cause for major concern but ir the explant darkens and does not grow
we do have to worry and reconsider the culture strategy being adopted. Even here,
however, as has been mentioned, some tissues darken and continue to grow
vigorously. In our hands these kinds of tissues generally ate of greater interest for
the study of secondary product metabolism rather than for regeneration of plants
(DiCosmo and Towers 1984; Constabet and Vasil 1987).
As yet another example of the level of decision making during the implementation
of a tissue culture programme one can provide evidence that use of wetting agents
in the disinfestation step can be harmful. Use of oxidizing agents such as
hypochlorite is thought by some to be facilitated by addition of Tween 20 of 80, or
wetting agents like Teepol etc., but one may in fact be activating the various phenol
oxidase systems. Ethyl alcohol may in some instances be sufficient for external
sterilization and in extreme cases, dipping in alcohol and flaming for very brief
periods, extreme as it may sound, can be helpful (e.g. Bakry et al 1985).
Finatly, all darkening encountered in in eitro situations is not enzyme associated.
Non-enzymic browning has been a major concern of the food industry for many
years (Hodge 1953; Reynolds 1963; Dworschak 1980). Whether these substances
have a role to play in the growth of a given species in vitro is a matter that has to
be ascertained case by case (Compton and Preece 1988).

20.

Diversion from 'usual' strategies

The use of approaches that at the outset seem at variance with 'approved' practices
can be of some use in dealing with recalcitrant cases. A few examples ,qre given.
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Altcrnating an explant from semi-solid to liquid medium, back and forth, can 'push'
a system that is sluggish (Cronauer and Krikorian 1984). The idea here is to
alternate all those parameters associated with the status of being in of on a semisolid medium with those of liquid--whether partially of wholly submerged. It can
also be seen from the perspective of osmotic or nutritionat shock.
Preparation of protoplasts in quantity and using these as a means of generating
suspension or callus cultures is another approach that can be useful. This practice is
based on the assumption that of the large number of cells that comprise an organ
or tissue, onty a / i m i t e d number can at any one time be in a mode responsive to celt
division and growth stimuli. By reducing the organ to its component cells, those
which cannot respond are shocked into degeneration whereas those that can
survive and grow. This is the equivalent of selection at the very early stage of
culture rather than at the later stage(s) of culture (Krikorian et al 1988a, b).
21.

Use of co-culture

Species that grow well and which have recognizable growth characteristics can be
used to test whether they can nurture of otherwise hasten the growth responsiveness of a recalcitrant tissue. Conditioned media responses are generally somewhat
inconclusive but ate well worth trying in those cases where a system is really
stubborn.

22. How to accelerate activities to improve both knowledge and to make positive
contributions
Throughout this paper, the view has been adopted that one of the major failings in
plant tissue culture is that there is a serious mismatch between perception and
reality. This in turn frequentty Ieads to disillusionment. Many have gotten the idea
that all kinds of capability is in hand and one has only to initiate a project and ir
all falls in to place. After all, a biotechnology is nothing but a risk-free commodity
which can be paid for and used.
It is critical to understand that plant tissue culture is n o t a technology in the
conventional sensc of the word. One must distinguish between research,
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development and production. By confusing the 3 and ignoring the critical element
of milestones and timelines as well, we have confusion of what we can expect and
the period of time in which we can expect it. Tissue culture is a process, not an
event.
Most laboratories in the tropics and subtropics have adopted as their first goal,
the controlled tissue culturing for purposes of production, some of the most
challenging plants that I, personally, am aware of. There is ffequently all too little
evidence that the laboratories in question are operating effectively at baseline level.
That is, if one were to adopt the goal of culturing an 'easy' plant like carrot or
tobacco so as to ascertain that all components of the laboratory mechanics were
optimally functional, one could perhaps feel more confident that those ptant sytems
generally adjudicated as 'difficult' are really so. After all, one needs a standard of
compa¡
against which one can draw conclusions. Few laboratories I have
encountered have demonstrated that they can do the easy stuff. Instead, they have
jumped into the nominalty difficult stuff. The negative impact of matters such as
water quality, marginal cleanliness of glassware, etc. as deterrants to optimal
growth will forever remain in question unless one demonstrates that these and
similar problems are not sources of limitation.
Also, all too many investigators in the tropics and subtropics are overburdened
with administrative and other duties. Very often, the responsibility of doing the day
to day operations or the actual culture work devolves upon junior level people
and/or technicians. When an investigator is not closely attuned to what is
happening on a daily basis and is not, particularly throughout the early
development phase of a project, aware of nuances of responsiveness of a given
culture system, one is asking for trouble. This situation is often a direct reflection of
the mistaken attitude that what one is doing is a technology. The scientist must be
in charge. Only when the system is well on its way shoutd one expect that technicians
can carry the physical work load of the project.
From this, it logically flows that routine and daily inspections must be made of
cultures to evaluate their progress. Obviously in cases where cultures ate being
grown in total darkness, one cannot do this but enough replicates should be made
so as to allow a sacrifice of a few for regular examination. A hand lens of 10 or 20 •
with a convenient working distance is a major asset to anyone making inspections.
! have seen time and again workers who expect cultures to 'wave coloured
flags' when showing a positive response. Experience is a major advantage in this
kind of work but one does not gain experience without carefully examining cultures
and watching them grow. Setting up cultures and ignoring them for 3-4 weeks is
not the way to gain experience! Undiplomatically stated, one must work and apply
oneself in order to reap the benefits of in t,itro work. One cannot get discouraged
easily, and perhaps more important than anything, one has to enjoy growing things.
The addage of the proverbial "green thumb' versus the thumb seemingly imbued
with the 'kiss of death' seems to have merit. Some individuals ate just not cut out
for tissue culture work. The better part of valour is to recognize it and seek one's
fortunes elsewhere.
The inevitable conclusion seems to be that while woody plants, especiatly tropical
and subtropical ones, are not the easiest species to work with, they are becoming
increasingly tractable. As more and more capable people undertake studies on these
important plants the situation will dramatical[y change. In the beginning period, it
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may welt be pardonable to perform probes of tests, sometimes referred to as "going
on a fishing e~;pedition', to see the level of responsiveness that can be elicited. Ir one
gets an encouraging response, then one can "backtrack" and perform a definitive
experiment. Even in cases where there is a timited supply of material for primary
explantation one can do some meaningful work. Appropriate numbers of replicates
can be instituted later. While one obviously always seeks to do carefutly contrelled
and replicated laboratory tests, ir may be advisable in some select cases to get a
resutt first and then to worry about 'how and why'. Also, one should not minimize
the importance of the serendipity factor. 'Accidents" usually provide that criticat
Ÿ
to science if one is informed and prepared to recognize the value of an
important accidental finding. The production in profusion of somatic embryos by
cultured carrot cells is a classic example of fortuitous finding that spawned a whole
new approach to plant tissue culture (Krikorian and Berquam t969; Krikorian
1988a, b).
There is an old and familiar saying that relates, "nothing succeeds like success'.
This is no doubt true but the means whereby one creates opportunities for oneself
in plant tissue culture work ate so numerous that the saying takes on even more
significance. Plants, by virtue ff their evolutionary origins, ate highly plastic and
seem to have multiple levels of control systems buitt into their very being.
Perturbation of their normalty directed and tightly controlled pathways of growth
and devetopment open up new and exciting chances to disclose how things work
and what the controlling mechanisms might be. It will be a great pity ir plant tissue
culture workers become too closely attached to a given goal, such as the cloning of
a species in large numbers, and rail to see what a given system is trying to tetl them.
Only by recognizing that there is much plasticity (Jennings and Trewavas 1986) and
hence there are multiple routes and strategies, and that a given sequence of
responses can be correlated with progressive increase or reduction in size etc., will
we begin to define the causal parameters in such ways that they can be tested
through experiments. If and when this happens, we wfll begin to produce the data
base that wilt render plant tissue culture a true biotechnology.
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