








relative availability to plants. Some industrial by-
products are used as micronutrient fertilizers because
of lower costs.

Micronutrient recommendations vary consider-
ably, but generally follow a “prescription” philosophy
rather than an “insurance” or maintenance approach.
This requires knowledge of relative crop needs, avail-
able levels in soil, and most effective sources and
methods of application. Soil tests and plant analyses
are excellent diagnostic tools to monitor the micro-
nutrient status of soils and crops, especially when
micronutrient fertilization programs are in place.
Continued research is needed to improve micro-
nutrient recommendations so that crop yields are not
limited by improper micronutrient fertilization.
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Biotechnology: Possibilities of
Biogenetics as it Relates to

Fertilizers and to Plant Growth

By Oluf C. Backman
Norsk Hydro Research Center
Norway

Biotechnology is a field of technical and scientific
development that has entered the focus of business
and popular imagination in the most recent years. It
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is perceived as offering great opportunities for im-
proving human conditions and possibilities for profit-
able servicing of needs. It is also being perceived as a
potential threat to man and our environment, as
something to be feared and resisted. It is appropriate
to point to these conflicting basic views, as;this con-
flict will certainly influence the advance and the user
acceptance of the new biotechnology and its prod-
ucts.

Biotechnology exemplified by the breeding of
plants and animals, and the fermentation technology
of beer, is among the oldest of human technologies.

Biotechnology has made great advances in this
century, and the green revolution is but one example.

Great new scientific discoveries have been made
and put to use. The most basic and important of these
have been in genetics, where new tools are now
rapidly becoming available. The use of these tools
may transform plant and animal breeding practice in
the near future. The possible impact of such new
techniques on agriculture and the fertilizer markets
form the main subject of this paper. However, mod-
ern biotechnology also promises other types of tech-
nical advances and products for agriculture: Artificial
seeds may further mechanize and reduce field work,
and new biological techniques may speed up the slow
process of moving new varieties from the laboratories
and field stations to large scale seed production.
Breeding techniques may increase the availability of
pedigree animals.

Development of better, more appropriate tools
and systems for crop and animal production, such as
more precise irrigation techniques, new analytical
systems and improvements in fertilizer use are also
part of the general technical advances taking place in
the oldest and largest biotechnical venture in the
world: Agriculture.

GENETICS: A SCIENCE AND ITS APPLICATIONS

Improvements of crops and livestock by cross
breeding and selection has always been part of the
technical base of agriculture. A good example is the
development of corn in pre-columbian times.

However, the accurate genetic observations by
the ancients were combined with a near total lack of
understanding of what was taking place in the cross-
ing and selection processes. The rediscovery of Men-
del’s laws (1900) together with other scientific ad-
vances such as the discovery of the chromosomes
(1902) rapidly established genetics as a useful and
mathematically sophisticated biological science, and
made possible the great advances in plant breeding
that is still one of the mainstays of modern agri-
culture.

The insights given by genetics and plant physiol-
ogy made it possible in many instances to make
crosses across the boundaries of species that normally
prevents such crosses. Such techniques have given



improved crop varieties, and have greatly expanded
the genetic material potentially available to the
breeder.

The developments in genetics have been steady,
and have in the last years been very rapid. The new
methods of genetic engineering does in principle
make available to the plant breeder all the genes pre-
sent in the world, and he may even modify these
genes to suit special needs. In practice, however,
many difficulties and barriers are encountered.

The present gene transfer techniques work well
only with certain plants. Genes and their products
may not work well in a foreign environment; the
identification and selection of interesting genes are
problematic; and many fundamental practical, legal
and moral problems remain to be sorted out.

However, in spite of these barriers, the plant
breeders are now getting new and powerful tools.

The many expensive problems that remain to be
solved will slow down the process of bringing the
results out into the farmers fields on a large scale.
But, in due course, varieties and crops with radically
new properties may change the market for agri-
cultural chemicals, and may even influence the fertil-
izer market.

GENETIC ENGINEERING: IMPACT ON
AGRICULTURE

Genetic manipulations as a science and tech-
nique is most advanced in microbiology. From this we
can expect new products for veterinary practice, as
well as mass production of bacteria and vira that can
attack specific fungi, insects and weeds, and thus
provide specific control agents for such pests. The
great specificity of such biological agents is in princi-
ple desirable, but restricts the individual markets,
and resistance problems are to be expected.

There are also possibilities that certain drugs and
high priced natural chemicals may be made by fer-
mentation techniques instead of processing plant ma-
terials. The resulting reduced demand is likely to
affect only a very minor part of current plant crop
production.

In order to induce fertilizer market changes new
crops or new uses must be introduced on a large
scale. An example could be increased feedstock need
for the biotechnological industry. Translated into real-
ities: Corn for ethanol production.

The fermentation process may be improved by
genetic techniques, but the demand for ethanol will
be determined more by political than by genetic de-
velopments. It is, alas, not likely that the new bio-
industry will develop high volume products in the
near future.

The application of genetic engineering and new
biological methods to animal breeding opens up ex-
citing possibilities for solving problems with animal
health and productivity. Animals may have a poten-
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tial for becoming more feed efficient by genetic
changes. It is in principle not impossible that chickens
can be given new genes that make them excrete di-
gestive enzymes that they presently lack, thus im-
proving their digestion. Such developments might
reduce the demand for feed. On the other side, mak-
ing fish thrive on cheap crop protein might open new
crop markets. Both these research goals are complex,
and the need for solving the problems involved are
not pressing. Developments in this direction is there-
fore likely to be slow.

It is somewhat different in the field of plant crop
genetics, where the new principles and techniques
may make it easier to realize classical breeding aims,
such as:

Crops with new or improved properties (e.g. better
protein composition, new types of oils)

Disease and insect resistant plants and crops

Crops that are herbicide resistant, or that themselves
eliminate weeds by excreting chemicals

Crops with improved resistance to environmental
stresses such as drought, frost and salt.

Crops giving higher yields and improved nutrient
usage.

All these breeding goals are classical in the sense
that they have been attacked with considerable suc-
cess by the plant breeding community in the last
generations. New genetic insight and methods will
probably increase the speed and extent by which
such targets can be reached.

In conclusion the impact of genetic engineering
on agricultural practice is likely to be considerable.

GENETIC ENGINEERING: POSSIBLE IMPACT ON
FERTILIZER USE

The majority of the developments mentioned are
not expected to influence the use of fertilizers. The
market for herbicides, fungicides and other agri-
cultural chemicals nay be greatly changed by new
varieties, but new high yielding, high quality, re-
sistant varieties will also need nutrients, just like the
present plants.

In the same way, the demand for animal food will
not change much, as the laws of thermodynamics
specifies that even genetically modified animals have
to feed.

However, new plant varieties may in the future
make it possible to use marginal land for agriculture,
or grow new crops in areas where they can presently
not be grown, e.g. plants producing tea, cocoa and
coffee in the US, cotton in northern Europe. Such
developments would maintain and increase the culti-
vated areas in the developed countries, and would
also increase the market potential for fertilizer and
farm support services. It would also liberate land in
developing nations for irficreased local food produc-
tion. Many people regard such a change as necessary



and beneficial, though it would give international
trade problems of its own. However, any such devel-
opments will be gradual and allow the industries that
support agriculture time for the required adjust-
ments, and provide new possibilities for those that
are both alert and realistic.

Most of the development work taking place in
genetic engineering applied to agriculture is therefore
not likely to change the need for plant nutrients.
However, there are current dreams about the pos-
sibilities of making new varieties that use less fertil-
izers. Examples are varieties that have greatly in-
creased efficiency for phosphate utilization, or plants
that can fix their own nitrogen. Presumably even ge-
netics can not do much about the plant need for
potassium and the other essential elements.

When we analyze these possibilities, we enter
the realm of speculation, but even here the well
known and tested rules of science put certain limits to
what molecular geneticists might successfully
achieve.

PHOSPHATE UPTAKE

It is well known that microorganisms like fungi
that live in the root sphere of many plants can assist
in making phosphate available to those plants.

Much work has been done by academics and
plant breeders using classical breeding and micro-
biological methods to exploist this phenomenon, but
the practical difficulties have proven to be great. The
most noticeable successes have been in forestry.

It should in principle be possible to make suitable
root-associated organisms especially efficient in utiliz-
ing soil phosphate reserves, or in using rock phos-
phates with minimal treatment requirements. It is
further possible, in principle, to design such orga-
nisms so that they can only thrive in association with
specific plant varieties. This can be done by making
the microorganism absolutely dependent on special
substances excreted by the plant roots. Such traits
may be introduced into plants with present genetic
techniques.

Should this strategy be attempted many prob-
lems must be addressed. One of these is the pos-
sibility that such a phosphate mobilizing organism
may spread away from the specially designed host. A
widening of the host range might result in geological
changes.

There are good biological grounds as to why
specially designed microbes probably will have low
vitality when at large. The special properties that
makes them valuable for our purposes usually puts
them at a competitive disadvantage when they are on
their own.

However, gaining acceptance for field experi-
ments for plant-microbial combinations that can dis-
solve phosphates will probably be a slow process.
There should be ample time to evaluate the potential
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and special requirements such plants may have,
should they materialize.

NITROGEN FIXATION

Less speculative is the improvement and even
extension of microbial nitrogen fixation in association
with plants.

Many bacteria have the enzyme system that en-
able them to fix the nitrogen from air, and convert it
to ammonia.

The most well-known of such system is probably
the Rhizobia that live in root nodules in symbioses
with legumes, such as beans and peas. Related nod-
ular systems are formed on the roots of alder species,
where the nitrogen fixing organisms are Frankia spe-
cies. The plants provide their bacteria with food, and
the bacteria repay with nitrogen compounds. The
study of these nitrogen fixing organisms, how they
interact with host plants, how they bind the nitrogen
from the air, and how the make-up of their genes
enable them to do this is one of the most active fields
of present genetic research.

The goal of making a plant that fixes its own
nitrogen has been described as “The Holy Grail of
Plant Molecular Genetics”. It may be of some interest
to discuss if and under what circumstances this goal
is meaningful and possible.

Improved soybean nodules: The soybean makes
very efficient use of the symbiotic system. However,
even this efficiency may be somewhat further im-
proved by molecular genetic methods, by making
energy efficient bacterial strains that maximize their
ammonia production. This may give somewhat in-
creased yields.

Legumes give root residues rich in nitrogen to
the soil, to be used by the next crop. But the effect of
improved soybean bacterial symbiosis on the nitro-
gen need of subsequent crops, and thus on the fertil-
izer market, is not likely to be large.

Nodulating cereals: Let us assume that it will be
possible to construct a wheat plant that has nitrogen
fixing nodules. Will such a plant make agronomic
sense? The biological nitrogen fixation process is en-
ergy demanding. A nodulated plant must supply
their root nodules with approx. 11 kg sugar from the
photosynthesis in order to obtain 1 kg N. In a cereal
plant, 9 kg of grain could be produced if this amount
of sugar was made available directly to the ear, in-
stead of to nodules.

Such calculations indicate that a nitrogen fixing
plant will only make agronomic sense, if fertilizer
prices are high and crop prices very low. Normally it
will be more profitable for the farmer to use fertilizer
and harvest maximum yields rather than plant nitro-
gen fixing crops and accept the resultant yield
penalty.

This is, of course, not necessarily true for the
poor subsistence farmer in the developing countries



that has no fertilizer available. For such farmers, new
nitrogen fixing plants may provide a great benefit.

Root-bacteria associations: It is well known that
there exists other less efficient types of symbiosis.
Many plants, including barley, wheat and corn, can
be associated with Azospirillium bacteria that live on
root surfaces. These bacteria may supply the plants
with some nitrogen, but the amounts are small and
seem to be important only under conditions when the
soil is very poor. The development potential is
limited, as the need for energy from the plant makes
the benefits from the association questionable.

Nitrogen fixation in the soil itself: Another pos-
sibility is to utilize the energy potentially available in
straw for fixing nitrogen. Bacteria can be constructed
by molecular genetic methods that combine the abil-
ity to live off and rapidly metabolize straw with the
ability to fix nitrogen. However, the energy require-
ments for nitrogen fixation also means that such bac-
teria will be at a severe competitive disadvantage in
the fields, where they will have to compete with other
straw digesting bacteria that do not have to use a
major part of their energy to work for our benefit.
Furthermore should this fundamental restriction by
some means be circumvented, and such a nitrogen
fixing bacterium let loose in the fields, the expected
result is an environmental problem. Happily, the bio-
logical principles of Darwin make such a scenario
highly unrealistic.

Nitrogen fixing plants: There remains, however, a
final strategy possible for the nitrogen fixing scientist:
To make cells in the plant leaves nitrogen fixing by
transferring the necessary genes from bacteria to the
plants themselves.

Just like nitrogen fixation, nitrate reduction is a
very energy demanding biological process. The plant

reduces nitrate to ammonia. The reduction mostly
takes place in the leaves without energy and harvest
penalty, because the leaves, in contrast to the roots,
usually have a surplus of energy. This surplus energy
may perhaps be used for binding nitrogen.

However, many problems must be solved before
such a theoretical possibility can be realized. Oxygen
rapidly makes the nitrogen fixing enzymes inactive.
Biological nitrogen fixation is thus not possible in the
presence of oxygen. The nitrogen fixing nodules in
legumes are made in such a way that the bacteria in
the nodules can work in almost oxygen-free sur-
roundings. Similar conditions are operative when-
ever biological nitrogen fixation takes place. It will not
be easy to find leaf cells or organelles where oxygen is
not present, but it may not be impossible. Alterna-
tively it may perhaps be possible to reconstruct the
enzyme to an oxygen tolerant form, but this is likely
to be a major biochemical undertaking. We do not
presently know what makes the enzyme oxygen sen-
sitive, nor if this property can be changed.
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Further the plant must be able to control the
fixing process so that it receives the right amount of
nitrogen at the right time. Excess ammonia poisons
leaf biochemical processes.

Clearly, many fundamental problems must be
solved. It will not be easy to find and bring home the
“Holy Grail of Molecular Biology”, but the effort is
likely to bring insights that may prove useful in other
fields of genetics. Already the many years of work on
the nitrogen fixing enzymes, their genetic back-
ground and control systems are one of the great
sources of knowledge in Molecular Biology.

PLANT BREEDING—TIME ASPECTS

Plant breeding is a slow process, much slower
than genetic work on bacteria.

To move from one generation of a plant to the
next takes months. Even when special techniques are
used to shorten this time interval, it remains a slow
process. It normally takes 5-10 years or more from the
initial breeding work until a new variety is available.

Also, a plant variety has to fit the special field
conditions where it is to be used.

Should it therefore prove possible to make an
effective nitrogen self-sufficient plant, this trait will
have to be incorporated both into the major crop
plants and into the main varieties. Even with the
enthusiasm that such a possibility is likely to bring
forward, this process must take at least a few years.
And even such plants will need nutrients from the
fertilizer industry. The industry will have time to ad-
just to such developments—should they materialize.

Again, the main beneficiary from success in this
scientific field will most probably be the poor farmer
in the developing world, and taking the world as it is,
that is most certainly a worthy target. Like the “Holy
Grail” it may remain a dream. But there is sufficient
possibilities for realization to keep the quest going for
the present time.

With all possibilities and limitations consid-
ered,—there is every reason to pay close attention to
biotechnology and molecular genetics as applied to
plant breeding. It is an exciting science which may
contribute greatly to the agriculture of the future.
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