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Forstbotanik (translated in this article to Forest Botany) as such is a rather 
special scientific discipline, being restricted mainly to the German Universities. No 
such discipline can be found either in most of the Anglo-Saxonian Schools of 
Colleges of Forestry or in the Eastern European or Chinese University systems. 
The closest related disciplines are Forest Biology or Ecology. In these systems,
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education for Forestry students in the basic facts of plant life are provided by the 
Biology Departments in classes together with all the other students they teach. 
There seems to be no necessity for the creation of professorships or even large and 
well equipped institutes for Forest Botany outside of Germany.

To understand this special development in Science History, one has to go back 
about 200 years ago and follow the very special path which education in Forestry, 
together with research in Forestry, has taken since then.

Historical Development of Forestry Education in Germany

Unlike the situation for instance in the USA, where Schools of Forestry 
educate students who later can find jobs in a rather wide range of professions (e.g. 
Handouts from the School of Forest Resources North Carolina State University, 
Raleigh, NC), Forestry Education in Germany almost exclusively leads to the 
profession of a high ranked officer in the Forest Administration of states, com
munes and private forest owners, the Head of a Forest District being the ultimate 
educational goal at the Universities (c.f. Spellmann 1983, L understädt 1986). 
Therefore, the development of the Forest Service during the last two centuries 
greatly influenced the fate of academic education in forestry and, of course, vive 
versa, in a way which is unusual in other scientific disciplines.

In the 18th and still at the beginning of the 19th century, there were two main 
ways of entering the rank and file of the forest service in Prussia (which is given here 
as the example of the most influential Forest administration) (for more details see 
R osenstock 1975, Eberts 1951a and b, 1952 a and b, 1957): initially the majority of 
future foresters started as apprentices under the guidance of an experienced forester. 
After three or more years of such practice in an forest district, they enrolled in the 
“Königliche Feldjäger Corps”, a special army branch which served as reconnais
sance and couriers in wars. When the military service was finished and after some 
additional years of practice i.e. apprenticeship in a Forest District, they then were 
appointed as “Oberförster” and Head of a Forest District (some 1.000—3.000 
hectars in size). There they had 3 to 5 “Förster” (foresters), workers, office clerks, 
altogether a crew of about 30—50 subordinates, which altogether were managing 
the sustained yield forests (nachhaltig bewirtschaftete Wälder), the system which 
emerged at that time in Germany. During their apprenticeship, usually no formal 
education or curriculum was offered, the main focus laying on practical education, 
“training on the job”.

In addition to this very unacademic curriculum, forestry was taught at some 
universities within the frame of the so called “Kamaralistische Wissenschaften” (i.e. 
“Science” of administration at the small feudal courts of that time). This way, of 
course, was sought for by rather well to do students. Thus, for example, H einrich 
C hristian B urckhard, the leading forester in the second half of the 19th century in 
northern Germany, studied forestry at the University of Göttingen, as a law 
student, where J. B eckmann gave lectures in this subject. University education was 
then by no means mandatory and only an exception among the high ranking 
foresters.

With the increasing need for a solid theoretical background in the education of 
foresters, changes in the education during the apprenticeship-years developed at 
several places in Germany at the end of the 18th century: some influential and 
experienced foresters opened small private schools which, closely attached to the 
Forest District Office, with the scholars actually living in the house of the forester
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himself, offered a full-time education in forestry which included part-time school 
and most of the time practical teaching in the forests under the guidance of the Head 
of the Forest District.

The most influential of such schools was the one founded by G eorg L udwig 
H artig in 1789, when he was 25 years old, in Hungen (Wetterau, Hessen), where he 
served as the Head of a Forest District. The school was run as a completely private 
enterprise on the account of H artig. According to the testimony of his wife 
(T heodora H artig 1826), it served two purposes: one was the need of better 
education of foresters, the other was to provide additional income which was badly 
needed for the H artig family, which in the end numbered 12 children (salaries of 
civil servants at that time were incredibly low: the H artigs even could not afford to 
buy a sofa. Although at that time a garden usually was included in the allowances a 
forester could expect, they did not get one and his wife had to sell all her few jewels 
in order to purchase a garden).

The education H artig gave and the credit he got for this venture must have 
been rather excellent, because within three years, his school attracted 20 students, 
who were willing to pay the 100 Gulden tuition per year (the Forstakademie in 
Hann. Miinden had, on the basis of a 2.5 years curriculum, between the years 1868 
and 1911, an average student body of about 50 students, the minimum for one 
semester being 20 students in 1S91). In addition to the teaching he gave himself, 
H artig hired teachers from outside who helped him with the education of the ever 
increasing number of his “Forsteleven”. In 1802 he had 60 students which eventu
ally became an important economic factor in the small town where he had his 
residence as Head of the Forest District. It should be noted that there was no formal 
degree available at his school, except that succesful students got a letter of recom
mendation.

H artig enjoyed a rather steady career, which lead him from Hungen to 
Dillenburg, Stuttgart, and, finally in 1811, to Berlin, where he became the Head of 
the Prussian Forest Administration (Oberlandforstmeister und Staatsrat), a position 
which made him the most influential forester of his time. All the time and at all the 
different places, he was operating his school which developed to a kind of Forest 
Academy and always attracted a considerable number of students.

The promotion of H artig to Berlin in 1811 can be considered as one of the 
starting points of an organized education in forestry with an academic curriculum in 
Germany as a whole. Prussia at that time was the state with the biggest forests and 
thus of rather high influence in other states as well. In addition, it increased its 
territory considerably, first after the Napoleonic wars and then after the so called 
“cabinet wars” of 1864 against Schleswig-Holstein and Danmark and 1866 against 
Austria and her allies.

When H artig got a closer view on the standard of education and knowledge of 
his higher officials in the Prussian Forest Service, he was rather shocked and 
disappointed by the low standard of professional education. So he worked out plans 
for an academic education with a profound curriculum for foresters, a task for 
which he found excellent support from W ilhelm and A lexander von H umboldt, 
the great reformers of the university and academic education in Prussia.

In 1820, by Royal Edict, a Forest Academy was established in Berlin, which 
was closely attached to the newly founded university and was supplied with all the 
means and facilities as well as staff of the Berlin University. The basic sciences were 
taught by professors of the university, (Forest) Botany was given by F. G. H ayne. 
Thus all the requirements for a well established School of Forestry were there. In
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1830, H artig even became Professor Honorarius of the Royal University in Berlin, 
although he never received a degree from a university, thus he became more closely 
connected to this school of higher teaching.

However, when the first graduates of this Forest Academy were examined by 
the Provincial Commission of Forest Examinations (which were, like the ones in the 
Department of Justice, established independently from the university system), the 
candidates from the Forstakademie Berlin did not perform as well as had been 
expected regard to basics and practical aspects of Forestry, which meant that they 
had no chance to actually enter the Forest Service. It should be noted in this 
connection, that the system quoted above, i.e. examinations by a Commission 
which is independent from the university system, still is in operation today. After 
their graduation from the universities with a Diplom (considered equivalent to a 
Masters Degree) they have two additional years of practical training at the Forest 
Services of the states, which finish with a thorough examination of all aspects of 
forestry, including those which have been taught at the universities. This fact is of 
utmost importance for the organisation of any curriculum in forestry in Germany 
(cf. Spellmann 1983).

This disastruous performance of the graduates from the newly established 
Forest Academy in Berlin at the entrance examinations into the Prussian Forest 
Service had tremendously far reaching consequences: The whole system of academic 
education of foresters was reconsidered. After consulting A lexander and W ilhelm 
von H umboldt, a completely new type of forest academy was created. It was a small 
school of higher learning, attached both by organisation and by budget to the forest 
administration, placed into a small town within the typical forests of that State, 
completely separated from the university system. This academy had a dual function:
i. it had to educate forestry students and ii. it served as an experimental station of the 
Forest Service of the State.

This system allowed both a theoretical and practical education and served in 
addition as research institution for the forest administration.

Because of this development, forest academies had a different constitution and 
organisation than the universities. Instead of having a rector which the professors 
elected, they were run like a government administration with a director at the top of 
the administrative hierarchy. This meant that although the academic teachers at the 
Forest Academy were rewarded the position, title and theoretically the rights of a 
full professor in the German University system (Professor Ordinarius), they still 
were under the supervision of the Director of the Forest Academy who was superior 
in the administrative rank. This dualism between the “freedom of research and 
teaching” of a German Professor and the construction of a forest academy with a 
constitutional director as head, naturally was the source of all kinds of tensions 
within the teaching staff and eventually lead to the abandonment of this system in 
the 1920’s. But for the time being, it was the most influential and efficient system 
both for teaching and research in forestry all over Germany.

The curriculum in these newly established forest academies was not too 
different from the one in Berlin. It required not only the teaching of typical subjects 
of forestry, but in the basic sciences, too, like chemistry, zoology, botany, 
mathematics (today biometrics), and others. Since the distances between these new 
schools and the universities were too large to allow the students to join the classes 
given there, they had to be given at the same place where the students were. 
Therefore in the newly established forest academies, professors for these subjects 
had to be hired.
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This then was the origin of Forest Botany as a special subject and denomona- 
tion of a professorship: it was triggered by the disastruous performance of forestry 
students in Berlin at the provincial examinations and it was kept alive by the 
necessity of both teaching in botany at the newly established forest academies and 
the need for research for the forest administrations.

It should be noted in this connection that although today all Schools of 
Forestry in West-Gcrmany are located in Universities with Biology Departments, 
the need for Forest Botany as a field of its own still exists. In teaching, the 
requirements of the curriculum in forestry are such, that special courses for forestry 
students would have to be given anyway, by professors with an intimate knowledge 
of problems of forestry which can be achieved only by doing research on forestry 
related topics. In addition, since no other research institutions are available in 
Germany, the necessity for research in Forest Botany still exists today. In view of 
the little knowledge we have on the function of forest ecosystems, basic research on 
physiology and ecophysiology is badly needed.

The first Forstakademie was established in 183C in Neustadt-Eberswalde (now 
in the territory of the GDR), which is still a small town, located in a rather rural area 
with many forests typical for that part of former Prussia. Another was to follow 
later: Hannoversch Münden (40 km south of Göttingen) in 1868. The two 
academies were operated as independent units within the budget of the Forest 
Administration until almost the Second World War. In 1939, the Forstakademie in 
Hann. Münden was merged to the University of Göttingen as the seventh 
Faculty^'), but it still took more than 30 more years, until it moved to Göttingen (in 
1970/72). Eberswalde still operates at the same location, now being incorporated 
into the University System of the GDR, as extension of the Humboldt University in 
Berlin.

This system of education in forestry as well as the close connections between 
academic education and research in forestry (for the Forest Administrations) 
apparently proved to be extremely efficient and advantageous. When in Munich a 
Forestry Faculty was added to the University in 1878, the system of the Forest 
Academy was adopted as closely as possible: at the same time, the Bayerische 
Forstliche Versuchsanstalt (Bavarian Forest Experimental Station) was established 
and the Professors at the School of Forestry being appointed Head of Divisions of 
this Experimental Station. The Forest Botany was included into the tasks of the new 
School of Forestry, inspite of the already existing Botanisches Institut of the Science 
Faculty.

The appreciation the academy system enjoyed, in comparison to the education 
at the University, can be seen from the decision to close the Division of Forestry in 
Giessen, which was made in the 30’s of this century. At that time, it was felt in 
Prussia, that three Schools of Forestry, i.e. the two forest academies in Eberswalde 
and Hann. Münden plus the one forest division at the university of Giessen were to 
expensive to run at the same time to allow for a healthy and steady development of 
all of the 3 places. Therefore the decision was made to discontinue one place of 
forest education, leaving altogether only three. Not surprisingly, Giessen, although 
being the oldest division of Forestry at any German University, was closed and the *)

*) In this manuscript, the term “faculty” is used as translation of the German word 
“Fakultät”, which is actually the correct translation. In the Anglo-Saxonian university system, 
the most suitable expression would be “school”, while the term “faculty” has been transferred 
to the professors working there.
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teaching staff was emulgamated into Hannoversch Münden, which at the same time 
was incorporated into the University of Göttingen. Obviously the Forest Academy 
System “beat” the university system by far.

The BiItmore-“Experiment” in Education of Forestry in the USA

It might be of interest in this connection to note, especially for readers from the 
USA, that the two different systems of academic forestry education were operating 
in the USA for a period of 15 years as well.

The first School of Forestry which was established in the USA followed 
excactly the regulations and principles of the school system operated by G. L. 
H artig. It was the Biltmore Forestry School, North Carolina. It opened its doors in 
1S9S, being the first School of Forestry in the New World, preceding the school at 
Cornell by a few months.

The founder of this school was Dr. C arl A lwin Schenck, who was born in 
Darmstadt, Germany, in 1S68. He studied forestry, worked at the State Forest 
Service in Hessen-Darmstadt and was granted the degree Doctor of Philosophy by 
the University of Giessen in 1894.

Schenck came to America in 1895 where he worked on the estate of G eorge 
W. V anderbilt, near Asheville, North Carolina. At that time, there were only two 
other trained foresters in the United States, G ifford P inchot and B ernhard 
F ernowl Therefore the need for a forestry school was obvious. Dr. Schenck 
established his Biltmore School of Forestry, following very closely the system 
G eorg L udw'ig H artig had used some 100 years before. His school was amidst the 
Biltmore forest. His curriculum combined classroom courses with practice, thus 
taking full advantage of the surrounding forest. It is reported that, even in the 
middle of a lecture, he could turn to his class, saying: “Now let us take a look to our 
real school master, the forest itself.” This was the signal for all to get on horseback 
and Schenck, after reaching his object in mind, would continue the lecture in the 
forest, demonstrating his teaching object “in situ”.

Unfortunately, Schenck had to quit his position in the Vanderbilt estate in 
1913, which meant that the school ceased immediately, after graduating about 400 
students, many of whom achieved prominence in US forestry. After leaving 
Biltmore, Dr. Schenck went back to Germany, where he, after recruitment in 
World War I as a lieutenant, finally practiced forestry in Darmstadt.

The relations between Schenck and his students, which he called “my boys”, 
must have been truly amazing. School reunions were held until 1957, 44 years after 
the school closed. In 1951, at the age of 83, A lw in Schenck returned to the United 
States as Special Guest of the American Forestry Association and toured all around 
the States from coast to coast (c.f. F rost 1952). He was honoured by the dedication 
of several plots to him: among them forty acres of redwoods in California and a 
Weyerhauser Douglas-Fir working circle. His last visit to the USA was in 1952, 
when he was awarded the honorary degree Doctor of Forest Science by North 
Carolina State College, Raleigh. On this occasion, speaking to the Biltmore alumni, 
Dr. Schenck stated that he looked upon the School of Forestry at North Carolina 
State College as the continuation of his Biltmore School. This lead to the fascinating 
development, in that both the School of Forestry of NCSC “adopted” the Biltmore 
tradition and, vice versa, the Biltmore alumni got interested in the NCSC School of 
Forestry. Thus the Biltmore tradition became firmly associated with the present 
School of Forest Resources at NCSU and resulted in several actions which consider-
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ablv strengthened the programs there. In 1955, the C arl. A lwin Schenck Professor
ship in Forestry was endowed. Following Schenck’s death in 1955, the Trustees of 
the University renamed the Schools Richland Creek Forest the C arl A lwin 
Schenck Memorial Forest. Here the asches of Schenck were scattered among the 
trees he loved. In 1958, three Biltmore Scholarships were endowed by Biltmore 
alumni and funds were made available for furnishing a Biltmore Library in the 
newly built Biltmore Hall of the School of Forst Resources. In 1962, one of the 
former Biltmore graduates, Edwin F. C onger, made a magnificent gift to the 
School, consisting of two-fifths of the proceed from the sale of his Conger woods 
near Aiken, SC. Funds from this sale endowed several scholarships and the Edwin

F. C onger Professorship in Forestry (P reston 1973). Thus the Biltmore tradition 
proved rather profitable for the School of Forest Resources at NCSU, where the 
memory of A lwin Schenck still is alive and kept up for the future.

It is rather unfortunate, that the fate of this first School of Forestry in the USA 
was so closely connected to the position of C arl A lwin Schenck with the 
Vanderbilts. It would have been extremely interesting to see how this system of 
education in Forestry would in the long run have competed with the “purely 
academic” university system in the United States and what development would have 
taken place there eventually. The history of the Biltmore graduates, however, 
strongly shows the deep affection they had both for their teacher and the system he 
used in educating them.

Conclusion: Role of Forest Botany at Schools of Forestry

To summarize the history of forestry education in Germany and its impact on 
Botany, one comes to the following conclusion:

Forest Botany as an individual field in science developed in Germany, and 
almost exclusively there, because of the fact that during the 19th century, education 
of foresters was taking place mainly at forest academics. Since these academies 
geographically and by organization were separated from the university system, 
forestry students had to receive their lectures and courses in botany from staff which 
were attached to the forest academies.

Professors in Forest Botany thus always had a particular and special status:
On the one hand, they theoretically were rather independent and free to select 

their field of research because of principle of “freedom of science”, which was 
granted to all professors in Germany. Therefore they were free to choose any topic 
they were interested in.

On the other hand, they were part of the Forest Administration with the 
Director of the Academy as their supervisor.

Therefore, both the scientific community in the Forest Academy they were 
part of and living together with, and the Forest Administration expected them to 
work on problems which were related to the needs of Forestry of their time.

A very important function these scientists always had, was to serve as a bridge 
between basic sciences and applied forestry. In many cases the relations between the 
professors of forest botany and their colleagues as well as the forest administration 
developed in a way that they became respected and trusted by the side of the 
foresters. This “bridging” in the form of consulting and influence had a highly 
beneficial impact on both forest science and forest administration.

The historical development of Forest Botany can best be demonstrated by the 
biographies of its scientifically most influential and important representatives,
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therefore, the focus of the forthcoming part of this communication will be on 
leading figures in the field.

Forest Botany in the 19th Century — The H artig Family

The history of forestry science and, later on, Forest Botany in the nineteenth 
century, was almost completely dominated by the “FiARTiG-Dynasty” starting with 
G eorg L udwig H artig, his son T heodor H artig and his grandson R obert H artig.

These three scientists dominated their scientific fields in a way, which is 
unsurpassed until today.

G eorg L udwig H artig

G eorg L udwig H artig, already mentioned above because of his merits in 
forestry education, was born in 1764 as the second of 10 children of the Head of 
Forest District in Gladenbach, Hessen. The H artig family had lived there already 
for about one century, always being closely connected to forestry. At the age of 14,
G. L. H artig entered an apprenticeship at the Forest District of his uncle, Karl 
L udw'ig H artig, in Harzburg, which ended in 1780. In the same year he enrolled at 
the University of Giessen as a student, for a two years study of Kamaralwissen- 
schaften and mathematics. Thus H artig became the first forester, who in his 
personal education and curriculum combined the very practical work as an appren
tice in the forest with an university education in Kamaralistik and mathematics.

From 1782—1785 he worked in the forests of his father and then, still without 
salary, in the State Forest Service at Darmstadt, Hessen. There he must have done so

G. L. H artig
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well, that, at a very young age, in 1786, he was appointed as Oberförster (Head of a 
Forest District) in Hungen, Hessen.

Being asked to act as a teacher in forestry for his younger brother Ernst- 
Friedrich, on the usual basis of an apprenticeship, he established, in 1789, the 
school for young forester. He kept this school in continuous operation during his 
whole carreer, which lead him in 1797 from Hungen to Dillenburg, in 1806 to 
Stuttgart and, finally in 1811 to Berlin.

During the 26 years he served as the head of the Prussian Forest Administra
tion as “Staatsrath und Oberlandforstmeister”, he became the most influential 
forester and forest educator of his time.

This was not only because he was the head of the biggest forest administration 
in Central Europe. Of the same importance or even more was his scientific work 
and the textbooks in Forestry written by him, which became the classic textbooks of 
his time: “Anweisungen zur Holzzucht für Förster” (Instructions for the growing 
of timber for foresters) (eight editions between 1791—1818); Lehrbuch für Förster 
(Text-book for foresters) (1S08, ten editions). Being the Head of an influential 
forest service, he was able to transfer his theoretical ideas and concepts directly into 
the practice of forestry. This unique combination of an academic leader of forestry 
science and mentor of forest education being the head of the biggest Forest 
Administration never occurred again in the history of forestry in Germany. He thus 
not only greatly influenced forestry education, determining the mode of teaching 
for the next 130 years, his concept of forest management influenced German 
forestry as a whole for an even longer time.

From all his scientific work and publications, two single issues should be 
mentioned here, although the connection to forest botany appears to be rather 
remote. Both, however, show that Hartig in a very critical period came up with the 
right concepts and, even more important, was able to enforce them.

The first thing to mention is the fact that H artig was a strong supporter of 
sustained yield forestry (Nachhaltigkeit in der Forstwirtschaft) and forest manage
ment as a whole. The concept of sustained yield forestry was not developed by 
Hartig himself, it was already in discussion a long time before. Even King Frederic 
II of Prussia tried to enforce this principle in his domains. However, at the time 
Hartig came into office, the management of Prussian forests and forests in 
Germany as a whole was far away from being carefully done in the mode of 
sustained yield forestry. At that time, the old traditions and practices of use of forest 
land were still kept up: such as removing litter for the stables, using the forests for 
cattle grazing etc. In this very difficult situation for the forests, H artig was the most 
influential promoter of the practice of sustained yield forestry, both with a strong 
theoretical backing in his books and with his influence as forest administrator. One 
of his everlasting merits is the fact, that he used all his talent and power to favor 
sustained yield forestry. In doing so, this way of management and utilisation of the 
only renewable resource we have in the world, became the basis and fundamental 
rule of Forestry in Central Europe as a whole.

The influence of H artig’s conceptual thinking can be felt even today in 
German forests by every ordinary citizen. Hartig’s time in office was the period 
when the former exploitative overuse of forests was to end and managed forestry of 
today started to develop. This was a rather painful process, especially in view of the 
fact, that it implied a change in the ownership of a large portion of forests in 
Germany: e.g. when a farmer was not allowed anymore to feed his livestock in the 
forests, he was forced to give up rights of ownership. How terribly complicated the
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whole story could be, can be derived from the fact that different groups of owners 
actually had different rights of use in an individual forest.

In this situation, H artig defined the ownership of forests in general in a 
completely new and novel way (c.f. Rosenstock 1975):

Instead of giving the individual owner full and complete use of the area, he 
defined the use of forests as the sum of different rigths, which could be issued and 
practiced seperately:

1. the right to use the timber
2. the right for cattle grazing
3. the right to harvest hay
4. the right to harvest litter
5. the right to scrape off and take out resin
6. the right to hunt
7. the right to take out stones and clay
8. the right to fish in the streams and rivers of a forest
9. the right to walk in a forest

10. the right to drive cattle through a forest
(The rights to pick berries and mushrooms in the forests by any person were taken 
for granted anyway, so Hartig did not bother to mention them.)

Hartig in addition held the notion that these rights could be granted and 
practiced separately as long as they did not harm forestry as such. Therefore it was 
not necessary to grant a new owner of a given forest the right to expell people from 
his property. Thus the right to walk through any forest, regardless of its ownership, 
which is now part of all forestry legislation in Germany, and is cherished by and 
benefits the whole population, goes back to this concept of thinking introduced into 
the legal discussion by Hartig.

Although not being a forest botanist as such, he was the founder of scientific 
forestry as a whole and of the concept of forestry education. Therefore he rightly 
has his place in this a compilation of the history of Forest Botany in Germany.

Theodor Hartig

Theodor H artig was born 1805, in Dillenburg, as the 10th child of the 
aforementioned G. L. Hartig. Being influenced by his great father, he entered the 
forest service as an apprentice and, in 1824, he entered the Forest Academy in 
Berlin, were he attended the lectures given by his father, F. W. L. Pfeil, and others. 
After the seven semesters of study and an additional apprenticeship in the forest 
service, he passed in 1829 the Forest Examination and worked for a short time as an 
interim head of a forest district (in Liebenwalde). Already in 1831 he was appointed 
lecturer at the Institute of Forestry Science in Berlin, where he held lectures on 
forest botany, meteorology, soil science, and entomology. In 1833 he passed his 
doctorate with a thesis on wood decay caused by fungi and butt rot of trees. In 1835 
he was appointed full professor in Berlin and in 1838 he moved to Braunschweig 
where he worked at the newly founded Forest Academy there. He stayed there and 
gave lectures in forest botany, entomology, soil science and climatology, until this 
Institution was closed in 1877. Theodor Hartig died in Braunschweig in 1880.

Th. Hartig was the first influential figure and teacher in Forestry who came to 
the conclusion that without a precise knowledge on the anatomy and physiology of 
trees and their development, the problems of raising forests and production of 
timber could not be solved in the long run (c.f. Horn 1880). This statement is by no
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Theodor Hartig

means self-evident, was in remarkable contrast to the development of forestry 
science in Germany as a whole. It was and still in part at least is a strong belief 
among German forestry scientists, that no high priority should be given to this part 
of science. The philosophy and reasoning behind this at first glance puzzling 
statement can be summarized as follows:

As long as sustained yield forestry is possible and the ultimate rule in German 
Forestry, it is not the first priority to have a deep insight into the mechanisms of 
physiology of growth of the trees. All that is necessary is to learn about the 
management of such forests, the best techniques of establishment, and harvest of 
such forests as a whole.

This rather surprising view of forestry science as a whole, which has a great 
impact on the curriculum and teaching at the universities (c.f. Spellmann 1983, 
LunderstAdt 1986), is not so illogical as it might appear at the first glance. Today 
80 % of the everyday work of an academically trained forester indeed is legal and 
administrative work (c.f. H eeg and O esten 1973). On the other hand, until 
“Waldsterben” became obvious to the German forest administration, German 
forests indeed were completely managed sustained yield forests, and the under
standing of its physiology seemed to be of low priority to everybody.

The scientific work of T h. H artig indeed followed the guideline which is set 
above: to deepen the unterstanding of the anatomy and physiology of trees. One 
part of his research was the nutrition of forest trees, where he concentrated on the 
organic nutrition of the roots. There he could show that roots are not able to 
incorporate organic material, especially humic acids, the substance which was of 
highest interest in his time. These experiments found their way into the famous
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book of L iebig: “Die Organische Chemie in ihrer Anwendung auf Agriculturchemie 
und Physiologie”, which first appeared in 1S40 and became of paramount influence 
insofar as it virtually established the science of plant nutrition and fertilization. 
H artig published about the ideas and concepts of L iebig and their practical 
implications in the German Forestry literature, thus making these ideas available to 
forest practitioners too.

Another important field of his study was plant anatomy. Here he was able to 
come up with several important observations, which are major milestones in this 
field. One is the discovery of the sieve-tubes and sieve pores in the phloem of trees 
(H artig 1851). He came to the conclusion, that both the xylem and the phloem of 
the secondary growth are formed by the same “mothercell”, which is permanently 
active in the tree (H artig 1878, pp. 49—50).

The discovery of the sieve tubes with the perforations through their walls was 
the first major exception of H. von M ohls rule, that the partition-walls in cellular 
tissues are never perforated and plant cells always are surrounded by a complete cell 
wall. This was a major part of von M ohls idea of the cell tissue and one to which he 
firmly adhered. Therefore the discovery of the perforated sieve tubes by H artig was 
met with strong opposition by von M ohl. Although he could confirm basically all 
of H artigs observations, he argued against the perforation of the walls and 
explained these structures with lattice-like thickenings of the otherwise intact cell 
walls. Only in 1861, C. N ägeli showed that at least in some cases there could be no 
doubt that the walls are actually perforated, J ulius Sachs, in 1863, came to similar 
conclusions. J . H anstein finally settled this issue in 1865, by ascertaining with 
certainty that H artig’s sieve plates indeed are perforated (c.f. J ulius Sachs, 
p. 342—343).

Th. H artig was not aware of the fact that the sieve tubes which were 
discovered by him are indeed responsible for the transport of assimilates in plants. 
However, the subject of the “descending sap” (phloem transport in todays terms) 
occupied considerably his thinking and imagination. He came to the conclusion that 
this “descending sap” must be a formless primary mucilage from which the various 
substances in the plant were deposited as it travelled through the plant (H artig 
1858). This concept was completely confirmed by the later discoveries on the nature 
of ploem transport. In a series of careful studies, he analysed the nature of the 
phloem sap, giving the first chemical analysis of phloem sap available in the 
literature (H artig 1860). These studies apparently at first did not arouse too much 
attention in the plant physiological literature, because M ünch, who repeated and 
confirmed these experiments, even quoted them in his book in almost full length, 
stating they had never been mentioned in the botanical literature (M ünch 1930, 
pp. 124—127).

A very detailed work of his was concerned with the anatomy of plant cells and 
cell walls. His paper on the formation and dissolution of plant cell walls was the first 
serious and coherent attempt to recognise plant cells as individuals'and entities (c.f. 
Möbius 1937). Although his cell-theory, which he developed in this study, was a 
mistake (Sachs 1890, p. 314), he recognized for the first time the universal nature 
and occurrence of the tertiary layer of the plant cell wall, which until then was 
considered to be present only in special cases (Sachs 1890, p. 301). In addition, he 
was the first to discover the aleuron grains in seeds and the crystalloids, there too, 
and to deliver evidence for the fact that these bodies are formed by the protoplasm. 
His notion, however, that these inclusions of the cytoplasm are built by substances 
of the cell nucleus, could not be confirmed by later studies, as we all know by now.
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T h. H artigs work was much broader than can be demonstrated by the few 
examples given here. He made rather significant contributions in mycology, too. 
Interested in the formation and decay of cell walls, as mentioned above, he soon 
came to notice the connection of fungi with the decay of wood. However, his 
concept at that time still was obscure. He believed that with age, or as the result of 
unfavourable external condition, the tree looses its vitality. The content of the wood 
cells then round up and form little balls, “monads” in his terminology, which then 
align themselves and eventually form a fungal hyphae, which is able to infect sound 
wood and cause decay there. He called this fungus N y cto m y ce s  and could only 
speculate on the relation of an externally produced fruiting body to the decay. He 
was not the only prominent mycologist with this belief. The famous Elias Fries, in 
his Introduction to his “Systema” (1821) declared that smut of pollen, U red o  
a n th e a r u m , was nothing else but pollen in a morbid state (“Pollen in statu 
morbosa”) and that the Mucedinae were plant hairs (“sunt tantum pili plantarum in 
statu morbosa”) and Franz U nger, in his book “Die Exantheme der Pflanzen” 
(1833) concluded that parasitic fungi (called endophytes by him), arose from morbid 
sap and thus were signs rather than the cause of disease. This question was not 
solved until H artigs son, R obert H artig, entered science some 48 years later.

Being an excellent observer and interested in the anatomy of trees he did not 
fail to observe the association between roots and fungi, the mycorrhizae, and the 
HARTiG-net of the ectomycorrhizae was first described by him in 1S40. The term 
“HARTiG-net” was coined 25 years later by O. N icolai (N icolai 1865). The 
function of this close association between fungi and living cells, however, was still 
obscure at that time and not until 1885 did A. B. Frank describe this phenomenon 
accurately as symbiosis and introduced the term mycorrhiza. The discovery of the
H.\RTiG-net alone will make his name quoted as long as scientists will dig after and 
study roots of trees.

Another milestone in mycology and understanding of symbiotic associations 
among organisms was his discovery of the fungal nature of the white substance 
lining the burrows of certain woodboring beetles on which the larvae feed. It was 
first described and termed as “ambrosia” in 1S36 by J. Schmidberger (Schmidberger 
1836). In 1844 (H artig 1844), he recognised it to be of fungal nature. This 
observation finally lead to a series of studies on this rather intimate association 
between beetles and the fungi which is now recognised as a highly developed 
symbiosis, in which the beetles have developed some intruiging means of taking care 
of the fungi, which they use as livestock for their living, and to bequeath them to the 
next generation of beetles.

In his last and very important book “Anatomie und Physiologie der Holz
gewächse” (1878), Th. H artig not only summarized the knowledge of his time in 
that field. In addition, he turned to philosophical matters, especially to the question 
of vitalism, the existence or non-existence of the so called “vis vitalis” (Lebenskraft, 
vital energy). The point which H artig takes in this rather important discussion of 
his time is very interesting, and, at least in his central statements, very modern. 
Living matter is for H artig something so wonderful and astonishing, that he is 
unable to join the view of L iebig and other physiologists of his time which adhered 
to an universal materialism and declared vitalism and vital force as a “bugbear” 
(Popanz). On the other hand, he had no doubt in the fact that all changes, 
movements, and developments in living matter have their origin in the properties 
and reactions of matter, “daß auch im lebenden Organismus keine anderen als die 
Kräfte des Stoffs arbeiten” (that in the living organisms no reactions take place other
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than the forces of matter) (H artig 1878, p. 2). This notion is somewhat breathtak
ing considering the discussion on this subject in philosophy and biology during the 
following 60 years.

Perhaps it should be mentioned in this connection that even the famous 
textbook “Molecular Biology of the Gene” of J ames D. W atson, first edition in 
1965, surely the most important and influential textbook in biology of the ’60s and 
’70s of the twentieth century, includes a special chapter “Cells obey the laws of 
chemistry” with a special introduction on vitalism. W atson comes to the conclusion 
that “. . . it still was possible, as late as 1940, for some scientists to believe that these 
molecules (i.e. proteins) would eventually be shown to have features unique to 
living systems” (W atson, p. 28).

It was the great Erwin Schrodinger who settled the matter (at least for serious 
scientists) in his lectures “What is Life, the physical aspect of the living cell”, held at 
Trinity College in Dublin, 1943 (Schrodinger 1944), where he actually included the 
chapter: “Is life based on the laws of physics?” and still left an option open: “. . . 
from all what we have learnt about the structure of living matter, we must be 
prepared to find it working in a manner that cannot be reduced to the ordinary laws 
of physics. And that not on the ground that there is any “new force” or what not, 
directing the behaviour of the single atoms within the living organism, but because 
the construction is different from anything we have yet tested in the physical 
laboratory” (Schrodinger 1944, p. 80).

On this background, H artig was really ahead of his time. On the other hand, 
he still was deep in his heart a “vitalist” in the sense of being a believer in a supreme 
being. The solution of this obvious dilemma of being a vitalist but excluding 
nonmaterial forces in the function of living organisms is rather interesting still 
today: he believed in a universal force, which does not interfere with the very 
function of life but exists besides the forces of matter as superior force which rules 
the universe. According to Low (1983) and Spaemann and Low (1985) this philoso
phy is much more logical and consequent than the “dualistic tradition” held up by 
some modern day biologists (c.f. M ohr 1984).

Altogether Theodor H artig has to be considered as the first forest botanist, 
who on the basis of exact and experimental sciences, layed down the foundations of 
this scientific discipline.

R obert H artig, 1839— 1901 /

R obert H artig the son of T h . H artig was born in 1839 in Braunschweig, 
where his father was, as mentioned above, Professor of Forest Botany. After 
finishing high school, in 1859, he started his apprenticeship in the Forest Service. 
Under the wise guidance of his father, R. H artig used this time for his first scientific 
study, measuring the growth of the trees in the most important and representative 
forests in Germany. Doing this, he used the technique of representative stands 
(Weiserbestandsverfahren) which was first introduced by his father. His results 
were published as a book in 1865 by the very renowned publishing company Cotta 
in Stuttgart (“Vergleichende Untersuchungen über Wachstumsgang und Ertrag der 
Rotbuche und Eiche im Spessart, der Rotbuche im östlichen Wesergebirge, der 
Kiefer in Pommern und der Weißtanne im Schwarzwalde”). Really a remarkable 
achievement of an apprenticeship, during which time the would-be foresters usually 
have problems to distinguish a beech from an oak.
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After two years of apprenticeship, he entered the University of Braunschweig, 
graduated after two years as forester and continued his studies in Berlin. In autumn 
1864 he entered the forest service of the state of Braunschweig, which, however, he 
left in 1866, being utterly bored by the administrative work required there, leaving 
him no time for research in the forests. For the next two years he had no fixed 
position, using his time both for collecting material for the listing of growth tables 
of the most important trees and completing his academic education. In 1866 he 
graduated as Doctor of Philosophy from the University of Marburg, the results of 
his work in the fields was published in 1S68 (“Rentabilität der Fichtenutz- und 
Buchenbrennholzwirthschaft im Flarz und Wesergebirge”).

Robert Hartig

It was C hristian Burckhardt, the leading forester in Northern Germany of 
the second half of the last century, who invited him to join the newly established 
forest planning commission in the now Prussian Province of Hannover, which was 
gladly accepted by R. H artig. He left this position rather soon, however, to join the 
staff of the Forest Academy in Ebcrswalde, where he helped and partially replaced 
Professor Geheimrath R atzeburg, who suddenly was struck by a disease.

On May 14th 1867 R obert H artig gave his first lecture in Eberswalde, 1869 he 
was appointed Dozent in botany and zoology, 1S71 professor of (Forest) Botany. 
In Eberswalde he started his extremely fruitful career as forest botanist and 
mycologist. He soon gained highest respect in his field and, when the new Faculty 
of Forestry at the University of München was founded, together with the Bavarian 
Forest Experimental Station, he was offered the Chair of Forest Botany and did not 
hesitate for one moment to accept. For the 23 years, until his death in 1901, he 
stayed at and was Head of the Forstbotanisches Institut in München.
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R. H artigs main research area were the wood-destroying and tree-pathogenic 
fungi. He wrote six books on wood decay and forest pathogens, in which he laved 
down the foundations both for the research on wood-destroying fungi and on forest 
pathogens. His book “Die Zersetzungserscheinungen des Holzes der Nadelbaume 
und der Eichc” (The phenomena of decay of wood of conifers and oak) which 
appeared in 1878 was the beginning of systematic research in this field. His book 
“Wichtigc Krankheiten der Waldbaumc” (Important Diseases of Forest trees) first 
edition 1874, was translated and reprinted by The American Phytopathologicai 
Society in 1975 as Volume 12 of the series Phytopathology Classics. His “Lehrbuch 
der Baumkrankheiten” (1882) which still is regarded as the classic textbook in the 
field, was translated into English in 1894 (by H. Scmmerville and H. M. W ard, 
“Textbook of Diseases of Trees” London).

As mycologist he thus took up the line of work of his father, although with 
much better and newer methods, and with much deeper insight into the role fungi 
have in the decay of wood and the diseases of plants.

It can be clearly stated, that R. H artig was the one, who in his main fields, 
forest pathology and wood decay, made the decisive experiments and observations 
which led to the scientific victory of the “germ-theory”. He was the first who 
presented convincing evidence that fungi are the causes both of diseases of forest 
trees and the rotting of timber, thus accepting and extending the ideas of Pasteur.

This achievement has to be seen in relation to the scientific background and 
discussion of his time. The last half of the ninetienth century was the time period, 
when the question whether germs are the causes of diseases was still in debate. It 
was the time when Louis Pasteur still made statements regarding “the theory of the 
spontaneity of all diseases. This is an error which, I again repeat, is injurious to 
medical progress” (quoted from N eter 1973).

This struggle of contradictory hypothesis was in full movement in the literature 
on both subjects. In addition , it was part of his family history, too. His 
grandfather, G. L. H artig had regarded decay as a natural process of metamor
phosis during the aging of wood (c.f. M errill et al. 1975). His father (H artig, Th., 
1833), had connected the occurrence of deterioration of timber with the presence of 
fungal hyphae, but misunderstood the cause and effect relationships and made 
speculations only on the role of the nearby fruiting bodies of fungi. This wrong 
interpretation of the situation in rotting timber and plant cells still was upheld both 
by Schaciit (1863) and even W illkomm (1866—67) in his book on “Die mikro- 
skopischen Feinde des Waldes”.

In the field of plant pathology this confusion about cause and effect was even 
worse, where the role of fungi as pathogens was discussed in the same controversial 
manner and with the same lack of understanding (c.f. A insworth 1976, 
pp. 154—156).

It was R. H artig who definitely settled the matter in the fields of forest 
pathology and timber decay. His famous book “Wichtigc Krankheiten der Wald- 
baume” (H artig 1874) is nowadays regarded as the beginning of Forest Pathology. 
He in addition opened the modern area of understanding of timber decay in his 
famous book “Die Zersetzungserscheinungen des Holzes” (H artig, R., 1878). 
These two contributions to the literature “. . well earned him the title FATHER OF 
FOREST PATHOLOGY” (quotation from M errill et al. 1975).

One example of his careful way of research is the discovery of the life cycle of 
A rm illa ria  m e l l e a  and final and decisive proof of the fact that the rhizomorphs 
found in infested forest soils belong to that very species of basidiomycetes. In doing
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so, he had to argue against almost all leading mycologists of that time, proving that 
they all were wrong in their interpretations, de Bary (1SS7, pp. 28—29) gives a 
record of the different views on the nature of rhizomorphs which were held at that 
time, including an impressive list of mycologists, against which R. H artig had to 
argue: Roth, Persoon, de C andolle, Eschweiler, Acharius, Fuckel, Otth, 
Palisoth de B eauvais, C aspary and T ulasne. They all had worked on this very 
extraordinary feature of a fungus, and all were proven to be wrong by Robert 
H artig. His description of this fungus in his book still is valid (c.f. Butin 1983). 
“After reading his descriptions of certain diseases, like those following, one has to 
admit that relatively little has been added to our knowledge on symptomlogv and 
mode of action during the past 100 years!” (quotation from M errill et al. 1975).

It is absolutely impossible to review all aspects of the work of R. H artig. His 
list of publications consists of about 170 contributions, including an impressive list 
of books and monographs. In his research he covered virtually all aspects of Forest 
Botany, also including the effects of air pollution on trees.

One little facet, which has not been mentioned in any one of the obituaries 
quoted in the literature, however, should be mentioned here: his importance as 
educator of foreign mycologists. It is well known that during the last half of the 
century, the Institute of the famous de Bary, first in Tübingen and later in Straßburg 
was the “Mecca” of mycology at that time, where numerous mycologists and 
botanists from all over the world worked as students and post-doctorals (c.f. 
A insworth 1976, p. 283). A minor center of attraction, however, had developed in 
R obert H artigs laboratory. It is recorded that at least two scientists, who later 
became famous enough to be included into “A brief History of Mycology in North 
America”, where for longer periods working in the laboratory of H artig: Bullf.r 
(Rogers 1977, p. 53) and Faull (Rogers 1977, p. 21). In those times, such an 
international resonance was by no means selfevident as it might be today, it was 
truly a sign of excellence which speaks for R. H artig and his laboratory.

R ichard Falck

R ichard Falck was born in 1873 as the son of a jewish merchant and owner of 
a dyer’s works in Landeck, West Prussia. He studied pharmacy in Königsberg, 
where he got the degree in 1897, in the same year he moved to Göttingen, worked at 
the Lebensmitteluntersuchungsamt (Food analysis laboratory), and, in addition, 
studied food chemistry at the University of Göttingen, where he got the degree as a 
state registered food chemist in 1899.

In the same year, he was drafted to the army and served as registered 
pharmacist in the medical corps in Breslau. During his free time, he established the 
first contacts with Geheimrat O skar Brf.feld at the University of Breslau, who was 
the most prominent German mycologist at that time. He started to work in 
Brefelds laboratory, first during his spare time, then, after his military service, as 
his assistent.

Two years later, in 1902, he was graduated as Ph. D. at the University of 
Breslau.

His thesis had the apparently boring title: “Die Kultur der Oidien und ihre 
Rückführung in die höheren Fruchtformen bei den Basidiomyceten” (The culture of 
oidia and their restitution into higher fruiting forms of the Basidiomycetes). This 
impression, however, is misleading. Falck’s vision of mycology was much wider, as 
can be drawn from the introduction of his thesis:
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Richard Falck

. only part of the cultivated crop plants can be used for human consumption. 
There are many and important plant constituents which are resistant to 
degradation by the digestive apparatus of animals and man. Especially today, 
there arc many efforts to make use of these products, particularly the waste 
products, like sawdust from saw mills. It is tried with chemical means to 
convert them into more usable compounds for the use of humans.
There is, however, in the kingdom of nature a big class of organisms which are 
excellently suited to digest and convert especially those recalcitrant parts of 
plants that are resistant to digestion by animals. These organisms are fungi, 
especially their higher forms.
If it were possible to exploit the fungi under economic considerations so that 
they convert as much material as possible into useable food, their ability to 
digest such indigestible waste materials would be as superior to any chemical 
process as is the photosynthesis of the green plant to any possible chemical 
procedure . . . ”
As far as I know, this is the first program for an envisaged conversion of forest 

biomass and agricultural waste into edible food. It still could very well be the 
introduction of a grant proposal in biotechnology or of any related thesis in this 
field today. The efficient conversion of lignocellulose into food still remains to be 
solved and it is still very likely that fungi do in fact carry the key to the solution of 
this task.

To imagine how revolutionary this concept of Falck was, one has to take a 
short look at the state of knowledge in mycology at the beginning of this century.
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The leading figure in mycology at that time was de Bary, who summarized the 
knowledge of mycology of his time in his famous book “Vergleichende Mor
phologie und Biologie der Pilze, Mycetozoen und Bakterien” (de Bary 1884) (its 
English translation in 1887: “Comparative Morphology and Biology of the Fungi 
Mvcetozoa and bacteria” was introduced in the preface by Isaac Bayley Balfour, 
Sherardian Professor of Botany in Oxford, as “the most thorough and comprehen
sive treatise upon these groups (of organisms) which has appeared in any lan
guage”). If one consults this book for any physiological and biochemical informa
tion, one will find out that de Bary needed for the summary of the work which had 
been conducted on this topic only 2 pages out of the 560 which the book contains in 
total, so little work was done in this field.

During the next years in Brefelds laboratory, Falck layed down the founda
tions for his future scientific work. His general approach was remarkably different 
from the mainly descriptive work of his fellow mycologists. His strategy was 
problem-oriented to begin with. There is almost no publication of his which does 
not start with the description of a severe problem, either damage or economic loss. 
To tackle such problems, he used his excellent background in chemistry and in 
addition he was eager to include any new or emerging technique which could be 
used either for his experiments or the evaluation of his data. Already in 1903 he used 
stringent statistical methods for the processing of his data, his publication being the 
second one in German biological literature which did so.

In 1905, after retirement of Brefeld, Falck was appointed as head of the 
Mycological Laboratory at the University of Breslau.

The first major problem he started to work at when he still was in Breslau was 
the Hausschwamm, the dry rot of domestic structural timber, which was the major 
problem in buildings at that time in Germany. In a brilliant study, using for the first 
time in fungal taxonomy physiological parameters as a basis for species classifica
tion, R ichard Falck could prove the existence of different species of M eru liu s , 
which occurred either in the forests or in the buildings, indicating the main infection 
occurred in the buildings rather than already in the forests as was suspected at that 
time. This study placed him immediately in the front of dry-rot research and got 
him acquainted with A lfred M öller, who was the most influential figure in 
academic forestry at that time. A. M öller was not only the Director of the Forest 
Academy in Eberswalde and Head of the Mycological Institute there, but in 
addition, he was the scientific head of the “Hausschwamm-Kommission” (Advisory 
Board of dry-rot in buildings) which was established in 1905 by the Prussian 
Government. When the Prussian Forest Administration offered Möller an addi
tional special laboratory for Hausschwamm-Research in Eberswalde, he, together 
with K. Fricke, the Director of the Forest Academy in Hann. Münden, convinced 
them to establish one in Hannoversch Münden and to appoint R. Falck as its head.

This was in 1910, and during the next 23 years, R. Falcks “Institut für 
Technische Mykologie”, inspite of World War I, postwar depression, inflation, and 
world wide economic crisis, developed to the leading center of applied mycology in 
Germany, if not central Europe. He came out with some 80 publications and got 
about 10 patents, not including those which were applied by industrial companies 
on the basis of results obtained in the institute.

This extremely high productivity could not be achieved with the regular staff of 
the institute which amounted to altogether 4 permanent positions including Falck 
himself. It was possible only on the basis of extramural sources, which came both 
from the Prussian Government, who funded the institute with some 5—10.000



126 A l o y s  H u t t e r m a n n :

Marks each year and from the German chemical and wood-protection industry. 
This support more than doubled his staff, at the climax of his cooperation with the 
industry, he had 3 positions for full assistants financed by the industrial partners. 
This probably was one of the best and most successful examples for scientific- 
industrial cooperation outside chemistry and medicine of his time. Converted to our 
present value in money, he was able to raise funds in the range of at least 
250—500.000,— DM each year.

The results of his work, however, justified every Mark which was invested into 
his laboratory. This can best be shown by the results of his work on dry rot of 
timber. In a series of excellent studies, he built the foundation of the present-day 
successful control of Hausschwamm. His research covered virtually all aspects of 
control of this fungus, starting with the physiology, the way of action on the wood, 
chemical control, and even methods for the evaluation of the efficiency of the 
control-chemicals, which arc still the international standard procedure of today.

His work on chemical control reduced the Hausschwamm-problem in Ger
many from a major factor in building deterioration, causing some hundred millions 
of Mark each year to virtually a minor problem, appearing only under special 
conditions. He was the first to introduce the tremenduously successful respirator}' 
poisons for control of fungi in timber. The well-known trade mark “Xylamon” for 
instance goes back to his studies.

Since deterioration of wood was his main topic, he was interested also in the 
basic mechanisms of degradation of wood by fungi. He discovered the biochemical 
basis for the fundamental differences in the mode of action of the two main types of 
wood-degrading fungi, which had been previously termed as white-rot and brown- 
rot fungi. He could show that the white-rot fungi preferably degrade the lignin part 
of lignocellulose, whereas the prime target of the brown-rot fungi is the cellulose. 
On the basis of these findings, which were obtained both by chemical and 
anatomical analysis, he coined the terms “Corrosive Rot” for the white rot and 
“Destructive Rot” for the brown rot mode of decay, terms which still are in use in 
basic textbooks of botany in Germany (e.g. “Strasburgers Lehrbuch der Botanik”). 
The quality of his research on lignin degradation with regard to the methods he used 
and the results he obtained was not surpassed until the year 1975, that is after about 
50 years, when independently Kirk and his group in Madison and H aider and 
T rojanowski (Braunschweig and Lublin) introduced entireley new techniques using 
radioactive labeled lignin for such studies (K irk et al. 1975, H aider and Tro
janowski 1975).

The quality and scientific standard of his research becomes best apparent 
probably by a sideline of his research, the discovery of the antibiotic reaction of the 
fungus Sparassis cr isp a  against other microorganisms, the successful isolation and 
even crystallization of the antibiotic principle by him, and finally the determination 
of the complete chemical structure by the chemist Edgar W edekjnd from the Forest 
Academy in Hann. Miinden.

The starting point of this discovery was exactly opposite to the one of penicillin 
by Sir A lexander F leming (for a description see A insworth 1976). Whereas the 
discovery of penicillin “was due to a most extraordinary series of coincidences” and 
“apparently Fleming himself did not unterstand what had happened” (quotations 
from A insworth 1976, p. 218). Falck became interested in the phenomenon by the 
observation that, opposite to the normal experience with infections, cultures of 
Sparassis c r isp a , and of this species only, did not get contaminated, even after very 
long storage, whereas cultures from other fungi did have this problem of infections.
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Falck observed that these protected cultures formed small crystals of a substance, 
which apparently were responsible for this lower frequeny of infections. He isolated 
the antibiotic by steam distillation and was even able to obtain it in a pure crystalline 
form. During the years 1920—22 he thus produced some 2 grams of sparassol, 
whose structure then was determined by Professor W edekind, from the Forstliche 
Hochschule in Hann. Münden, too (W edekind and Fleischer 1923).

Three main steps are necessary for the recognition and exploitation of a given 
antibiotic:

1. Recognition of its antibiotic action
2. Isolation from the culture as a pure compound
3. Determination of its chemical structure.

R. Falck and E. W edekind by no doubt were the first scientists in history to 
achieve all these three steps together, almost twenty years before the same level of 
achievements were reached by the joint ventures of F leming and the Oxford group. 
This fact is fully acknowledged for instance in the first monograph on antibiotics 
which was written in 1949 (F lorey et al. 1949).

Unfortunately, the echo Falck got for this part of his work, was rather dim. 
He tried to get professors of the Medical School in Göttingen interested in this 
phenomenon, but was met with complete lack of response (M arianna Falck- 
Baranan, personal communication). On the other hand, he was extremely busy 
with other things, therefore he never got around to publish the data on the 
biological action of sparassol, although this was announced by him in his publica
tion in 1923. It was not until 1986, when C wielong in his doctoral thesis repeated 
the basic work on sparassol, that any scientist bothered to work on this antibiotic 
again (C wielong 1986). It is not surprising that he could confirm everything which 
had been published on this subject by Falck and W edekind and that sparassol 
pro%red to be the most active natural compound in the biochemical control of 
pathogenic fungi. It fits into this picture that, in his rather voluminous laudatio on 
Falck on the occasion of Falcks 65th birthday, R eichert did not mention the 
sparassol-storv at all (R eichert 1938).

Another milestone of scientific work and deduction of rather complex systems 
is his discovery of the so called “chain-diseases” of forest trees. In 1911 he was asked 
by the forest administration to investigate about some apparently new decline 
diseases occurring with oak and spruce in some areas in the Soiling and other parts 
of Northern Germany. Falck soon found out that the fungus which by no doubts 
was killing the trees, could not be responsible as the only cause for this problem, 
since under the conditions of controlled field experiments, the fungus isolated from 
the declining stands could not attack the trees at all. Thus the attempt to apply 
Kochs postulates to this case study failed. Therefore Falck considered much more 
complex factors to be responsible for the damage and postulated a chain of events, 
which finally resulted into the observed decline:
1. the predisposition of the stand (age, soil factors etc.)
2. factors which lead to a physiological weakness of the tree (e.g. climate) and
3. parasites which finally kill the tree.

This concept, which is considered as a major key to the understanding of the 
“Waldsterben” in Germany (c.f. Umweltforschung zu Waldschäden, 1985) was 
developed almost 70 years before the very similar “decline disease”-concept of 
M anion (M anion 1981).

R ichard Falck was not allowed to really enjoy the harvest of his scientific life. 
1933, when he was 60, he was forced into exile from Germany and the next 22 years
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of his life can at best be characterized by continuous migration, poverty, war; the 
geographical stations being: Palestine, Poland, Russia, Iran, Palestine and, finally, 
USA (for details see H utter,mann, 1982, 19S6).

These years of exile and migration, by no means, were futile with him being 
inactive. In Palestine, affiliated with the Institute of Polymer Chemistry of the 
Hebrew University, Jerusalem, he finished, together with a post doctoral fellow 
who followed him to his new place, his study on wood preservation and physical 
properties of wood. In Poland, he established a new Institute for Wood Protection 
for the Polish Forestry Service. The 40th anniversary of this event was celebrated by 
the dedication of the Ninth Polish Congres of Wood Protection (1976) to the 
memory of R. Falck (W azny and L iese 1977).

The last highlight in his life was a stay in England, in 1947, where he stayed for 
a six months period as an advisor for the building-up of a new laboratory and 
factory for wood protecting agents. During his stay in England, he attended the 
Jubilee-Meeting of the British Mycological Society, where he was elected as 
Honorary Member of the society, which is the highest honor which is available for 
any mycologist as such. He was the first and only German scientist so far rewarded 
with this honor.

After his return to Palestine, he was faced with the quarrels about the future of 
the country and the last war during his lifetime, the War of Liberation after the 
declaration of the State of Israel in 1948. He served for the new Israelian govern
ment as scientific advisor on problems of decay of timber in the Israelian naval 
forces and tents in the Israelian army. Although he did very well, his tasks being 
completely solved, the new State of Israel had no means to support him further, so 
he followed his daughter and her husband to Atlanta, GA, USA, where he died in 
1955 at the age of 81.

M oritz Büsgen

M oritz Büsgen was born in 1858 as son of the Sanitätsrat Dr. med. M oritz 
Büsgen in Weilburg an der Lahn. After his highschool years, he studied science at 
the universities of Bonn, Berlin, and Strasburg, where he passed the examination in 
science and got the Ph. D. During the Winter 1882/83 he worked at the Zoological 
Station in Neapel on marine algae, went back to Strasburg and became assistant of 
de Bary at the Botanical Institute there. After a short stay in Strasburg, he went to 
Jena and got his Habilitation (equivalent to Dr. Sc.) there in 1885, at the Botanical 
Institute of Ernst Stahl. 1891 he got promoted to an “außerordentlicher Professor” 
in Jena and went in April 1893 as Professor to the Forest Academy in Eisenach. 
Eight years later he was appointed to a full professorship at the Forest Academy in 
Hann. Münden, where he stayed until the end of his life in 1921. /

Soon after his move to Hann. Münden, he was granted a “Reichsstipendium” 
(Fellowship from the Empire) for an eight month period of work in the Botanical 
Garden of Buitenzorg, Java, which at that time was a Dutch colony. This required a 
leave of absence for the newly appointed Professor and resulted in quite an amount 
of red tape until he got it. (It was interesting and amusing at the same time for the 
“amateur historian” to find traces of this “struggle” in the various obituaries and 
commemoration-literature on the occasion of his 100th birthday: according to 
Schmucker (1958) he had a significant reduction in payment and a delay in 
promotion; R humbler (1924) reports about the same incident and states that he had 
no problems to get the leave and the money and points out that at that time this
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generousity of the Forestry Administration by no means was self-evident; the “full 
story” can be found in H asel’s book (H asel 1968, pp. 214—216) where the whole 
correspondence on this “case” is recorded: Busgen first had problems to get full 
payment, but after insisting on it and with full support and help from the Director 
of the Forest Academy, WEISE, he finally got what he wanted and deserved).

Another longer period of research in the tropics followed when he was asked 
by the German Imperial Colonial Office and Ministry of Agriculture to work for 
them in Kamerun, which was a German colony then. In autumn of 1908 he went 
there as the head of a small group of scientists and stayed again for eight months in 
the Tropics (this time with no recorded salary-problems).

X

Moritz Büsgen

The broad background in science which he got during his studies and the 
geographical stations of his life are reflected in his scientific w ork:

Being a student of DE B ary, it is not surprising that he started by working with 
fungi: Phycomycetes, E uro tium  o r y z a e , C la d o c cb y t r ia c e a  (including the newly 
described species P b y so d e rm a  g r a m in is  Biisg.) are the genera and species he 
published on.

Under the influence of Ernst Stahl in Jena he developed his interests in topics 
of general biological importance, especially cases where insects and plants were 
interacting:

The first and most important to mention is his book “Dcr Fionigtau; 
biologische Studien an Pflanzen und Pflanzenlausen” (1891). (The Honeydcw; 
Studies on Plants and Plant-Lice). In this work he analyses the complex situation of
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the interaction between aphids and plants, covering virtually all aspects which 
possibly could be studied at that time: the anatomy of the stvlae of the aphids, the 
location where the stylae are placed by the aphids (the phloem), the interrelation 
between aphids and their antagonists like lady-birds and their larvae, the mechan
isms of defense of the aphids, the effect of the drainage of the phloem by the aphids 
on the plant’s physiology. This study is a masterpiece of early ecophysiological 
work.

The same broad set-up and ecological analysis can be found in similar although 
shorter papers on carnivorous plants like D rosera  and U tricn la r ia  and the impor
tance of the catchment of insects on the nutrition of the plants which grow in 
ecological niches with very little supply of nitrogen. The same approach was 
followed in his studies on galls from beech and pine.

The main line of his research and publications, however, was on all aspects of 
trees. In 1S97 he published his famous book “Bau und Leben unserer Waldbäume”, 
which in its altogether three editions, (the last came out in 1927 and was edited by E. 
M ünch) was for more than half a century the standard text- and reference book in 
the German literature on trees, it still has no equivalent in more recent literature. An 
English translation was published in 1929 (B üsgen and M üncii 1929). He was not 
only the leading authority in the scientific literature, but also wrote books for the 
general public. His book “Der deutsche Wald” (1908) (The German forests) where 
he explains the biological features of forests to the public, was written in such an 
amiable way that complete passages of it were incorporated into German reading- 
books for schools. This truly is the highest compliment any author of scientific 
literature designed for the broader public can get.

The third theme of his scientific life, naturally, was the tropics and their 
botany. He is considered the founder of German tropical forest botany, being the 
first one who endevoured to travel and work in the tropics. The scientific harvest of 
his two study tours is published in several reports and monographs, not to mention 
the fact that one tropical tree was named after him ( U yaria  b ii s g en i) .

B üsgen must have been an inspiring teacher for his students and graduate 
students, among which J. O elkers was the most prominent one later on. It is 
worthwhile to mention this fact, especially since for the time from 1911 until his 
death, R ichard Falck’s presence on the staff of the Forest Academy created in itself 
a problem to any woodbe professor of Forest Botany at the same place. This 
possible source of tension between the two Institutions naturally was created by the 
fact that Falck’s newly established “Institut für Technische Mykologie” from the 
beginning got much better equipment and much more attention and funds by the 
Forest Administration than the likewise spartanic hold “Institut für Forstbotanik” 
which was more a simple laboratory than deserved the designation “Institut”. In 
this likewise uneasy situation, which could have been even more complicated by the 
fact that R. Falck was a Jew, M . Büsgen showed the grandeur of a great person, 
who appreciated the great achievements of his collegue without getting jealous and 
never posed any problem to him. As long as B üsgen was Professor für Forstbotanik, 
F alck had no problems with him nor with the other professors of the Forest 
Academy (M arianne Falck-B aranan, his daughter, personal communication). 
This situation changed, however, when after the death of B üsgen his successor took 
office (c.f. H asel 1968, p. 360, Falck, R ., statements after the war in letters to Prof. 
Schmucker).

It is perhaps the best indication of the very high appreciation which still is 
conferred to M oritz B üsgen, that when the Forstliche Fakultät der Universität
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Göttingen finally in 1970 moved from Hann. Münden to Göttingen, the street 
where the new buildings are located was named after him: “Büsgenweg”, obviously 
one of the highest honor any academic board can reward.

Ernst M ünch

Ernst M ünch was born in 1876 as son of a pastor in Ruchheim, Pfalz. He went 
to the Gymnasium in Landau (Pfalz) and started, perhaps influenced by one of his 
uncles who was a forester, a career in Forestry. He studied in Aschaffcnburg and 
München, passed the first examination (Diplom) and after his Referendarzeit and 
second examination, applied 1904 for an assistantship by von T ubeuf, Institut für 
Forstbotanik, who had become the successor of Robert H artig. He stayed there, as 
an assistant of von T ubeuf, until 1910.

After his time in München, he entered the Forest Service (Regierungsforstamt 
Speyer), where he remained until 1921. There he had an appreciative superior, 
Geheimrath W appes, who allowed him some freedom for scientific work, which he 
mainly conducted in the Stiftswald near Kaiserslautern. During the times of the 
First World War he was detached to the Biologische Reichsanstalt für Land- und 
Forstwirtschaft (Biological State Institute for Agriculture and Forestry) in Berlin, 
where he worked on the problem of resin collection from pines.

In 1921, already at the age of 45, he was offered the Professorship of 
Forstbotanik at the Forstliche Hochschule in Tharandt, near Dresden where he 
stayed for about 12 years, until in 1933 he became, as the successor of von T ubeuf 
and Robert H artig, the director of the Forstbotanisches Institut in München, 
which was the last assignment in his rather unusual and long career.

The impressive scientific work of M ünch focuses on several, apparently 
unrelated fields.

One is mycology and phytopathology, the theme of his doctoral thesis (in 
1909) and the main studies in the laboratory of von T ubeuf. Until 1929 he published 
about 15 papers on this general subject, which made his name so well known, that 
he was asked to review the Hymenomycetes for the famous “Sorauers Handbuch 
der Pflanzenkrankheiten”.

The work on pine resin during the war lead to a series of publications on this 
subject including a voluminous monograph (140 pages) on the plant physiological 
basis of this phenomenon (M ünch 1919).

The work on the basics of resin collection, including experiments on the 
depletion of the resin channels and physics of movement of liquids in tubes of small 
diameter together with the construction of a model of the fluid dynamics of this 
process, apparently was an excellent training for his most important contribution to 
plant physiology: his model of phloem transport, the now called “MüNCH’sche 
Druckstromtheorie”, which he published in 1930, in his book “Die Stoffbewe
gungen in der Pflanze” (The movement of substances in plants) (M ünch 1930).

Reading this book about 60 years later, it is still fascinating to follow how 
M ünch came to his theory and how far ahead of his time he really was. In his 
introduction, M ünch summarizes the knowledge on assimilate transport in the 
following words, quoting the leading textbook in Botany and Plant Physiology of 
his time, Strasburgers Lehrbuch der Botanik (15. Aufl., 1921, pp. 236 f.):
“For the movements of substances w ithin the plants, a diffusiongradient must be 
generated and sustained all the time. This happens in the following w ay : in the cells 
which are the goal of the movement of substances, the molecules coming in arc



132 A l o y s  H ü t t e r m a n n :

removed cither by growth or storage, c.g. sugar to starch. This gives space for a 
subsequent molecule of sugar, which then moves after.” . . . “Whereas for the 
stream of transpiration the mechanical basis of the movement at least in part is 
known, as far as transpiration of water is concerned, the driving forces for the mass- 
movement of substances in the phloem are unknown.” It was excactly the later part, 
the driving forces of the movement of substances in the phloem, for which he 
developed a theory, which in its basic features still is accepted even today (c.f. 
Strasburgers Lehrbuch der Botanik, 31. Aufl., 1978).

I-

Ernst Münch

To fully appreciate the achievement of M ünch, one has to consider his 
scientific background as w'ell as that of the fellow' botanists of his time. Coming 
from practical forestry, he wfas professor of Forstbotanik at an relatively isolated 
and remote Forest Academy in Tharandt, which was part of the Technische 
Hochschule Dresden, wdth no direct connection to a major university. How far (or 
how' little) the average plant physiologists at that time wrere acquainted with 
thermodynamics etc. can be deducted from the leading text- and handbook of plant 
physiology of that time (Benecke and J ost 1924, c.f. M evius 1955). It includes a 
special chapter on energy, w’hich in a very unprecise wray deals with different 
“forms” of energy, but with very little understanding of it, no mentioning of caloric 
values etc. The chemical energy is dealt wdth only marginally and the relation 
between caloric energy of the molecule and chemical energy w'hich can be drawm 
from it by the cell, is not even mentioned. To be fair to Benecke, one should 
mention that terms like enthalpy etc. w'ere almost unknowm to the majority of 
German botanists until the German translation of L ehningers book on Bioencrge-
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tics appeared on the German scene in 1970. A discussion on energy which includes 
thermodynamic principles, for instance did not enter the above mentioned textbook 
until its 31st edition (1978), when H. Z iegler was in charge of the section on plant 
physiology. (It should be recorded in this connection, that with this edition, 
M ünch’s “Druckstromtheorie” entered this famous and widely distributed text
book, 48 years after its first publication!!)

Against this background, M ünch’s book really is fascinating. He comes up 
with a clear concept of energy, precisely distinguishing between the caloric energy 
of a given molecule and its osmotic potential, clearly stating that these two 
parameters are not linked energetically. M ünch gives precice calculations on the 
physics of fluid mechanics of laminar flow and builds them into his model of 
phloem transport. In summary, M ünch, with excellent reason, disposess of the idea 
that diffusion can be responsible for the transport of assimilates and replaces it by 
the stream of water driven by osmotic forces which are the result of the differences 
in the osmotic potentials of the cells at both ends of the line of conducting sieve 
elements. He takes into calculation the mechanical friction of the sieve tubes and 
shows that the osmotic forces are big enough to cope with this problem. In short, 
his book covers all aspects of phloem transport, from the physical basics and models 
to numerous field experiments which he either conducted himself or took from the 
literature and tested his hypothesis against.

Although his theory is adm irably solid and compact, and as such a great 
masterpiece and example of how plant physiological deductions and conclusions 
should be made, he is surprisingly open. Far from thinking that his theory has 
solved all problems in phloem transport mechanisms, he states in his foreword that 
all he wants is to initiate new research in this field. This he surely did.

Although his theory could not explain every feature of phloem transport, it is 
not yet “replaced” by another one and still discussed in the textbooks of botany and 
biology for university students as the main explanation for the driving forces of 
assimilate transport and quoted regularly each year in the plant physiological 
literature (see below). This says more than anything on the quality of his concept 
and of the way of thinking of M ünch.

The main focus of M ünch’s work, however, was on forest breeding and forest 
genetics. More than half of his publications and most of the contributions from his 
time in München are on topics related to this field. His last large monograph carries 
the title “Beiträge zur Forstpflanzenzüchtung” (M ünch 1949) and summarizes all 
his field work conducted both in Tharandt and in München.

The longer lasting impact of this part of his life’s work apparently is much less 
impressing today. It was of tremenduous value for tree breeding during his life time 
and thereafter. R ohmeder and Schönbach (1959) in their book “Genetik und 
Züchtung der Waldbäume” (Genetics and breeding of forest trees) quote him more 
than any other author. There are some concepts detectable in his papers which still 
are interesting today:

In a case study on alder decline, he came to the conclusion that in this case, the 
combination between genetic factors and environmental stress leads to drastic 
changes in the gene frequencies, which do not obey the H ardy-W einberg formula 
any more and result into selctive pressure against certain genes (M ünch 1936).

In his last book, he reports on physiological traits which lead to genetic 
isolation of certain parts of the tree population as a reaction to certain features of our 
climate (early and late spring) (M ünch 1949).
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The main result of his 1949 book is the precise description of progeny lines 
within breeding experiments, clearly indicating that freely mating trees cannot be 
used in progeny tests.

But these results, apparently do not have the incentive and degree of erudition 
as had his “Druckstromtheorie”. In later books of Forest Genetics (e.g. Stern and 
Roche 1974, Stern and T igerstedt 1974) M ünch is not quoted anymore at all. This, 
however, does not diminuish the value of his impressive scientific work at all, it 
shows where he was within the mainstream of scientific progress and where he was 
far ahead of his time.

What remained? — Analysis of the Citation Pattern via SCI

Scientific work lives as long as other scientists remember. From this viewpoint 
it is interesting to analyse the degree of citation of the scientists dealt with in this 
communication in the Science Citation Index for the last eight years from 
1978—1985.

The results are given in the following Table:

Table
Citation incidence as shown in Science Citation Index:

N am e 1978
T otal
1979

num bers of quo tatio ns 
1980 1981 1982

in the 
1983

v ear:
1984 1985

Theodor Hartig 9 11 11 7 5 2 10 3
Robert Hartig 7 2 3 7 5 5 8 8
Moritz Büsgen 3 8 9 7 5 11 9 8
Richard Falck 4 5 5 5 6 5 2 4
Ernst Münch 13 17 14 18 11 14 10 13

for co m parison :

Burgeff 24 11 

Q uo tatio n s from  M ü NCHs D ruckstrom theorie :

14 10 12 14 4 16

(S toffb ew egun g) 8 5 9 12 5 5 5 8

In summary, it is remarkable how frequently the scientists discussed in this 
contribution still are cited in current scientific journals.

It is reasonable that the authors which have dealt with subjects of more broader 
interest in the direction of tree viz. plant physiology (Th. H artig, Büsgen and 
M ünch) have been quoted more frequently than the ones who have been more 
mycologists. It should be noted, however, that the quotation frequency in the area 
of forestry literature is covered rather incompletely by SCI (c.f. H üttermann 1981). 
Therefore it is reasonable to assume an additional “dark figure” of at least the same 
order as the one given above. Keeping this in mind, the degree of citation of the 
leading forest botanists can well be compared to the citation frequency of one of the 
leading scientists in plant physiology in the twenties and thirties of this century, 
Burgeff, whose field of study — endomycorrhiza — could be compared in its 
importance to the ones of the forest botanists.

Special attention should be given to the impact M ünch still has on plant 
physiology. His “Druckstromtheory” of phloem transport, judged at least by the
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constancy and frequency of citation, still appears to be the accepted theory on the 
general mechanism of assimilate transport.

M ax P lanck once made a famous statement on how scientific truth dissemi
nates and gets accepted (Planck 1958):
“Eine neue wissenschaftliche Wahrheit pflegt sich nicht in der Weise durchzusetzen, 
daß ihre Gegner überzeugt werden und sich als belehrt erklären, sondern vielmehr 
dadurch, daß die Gegner allmählich aussterben und daß die heranwachsende 
Generation von vornherein mit der Wahrheit vertraut gemacht ist.”
“New scientific truth does not get accepted in the way that the opponents get. 
convinced and declare themselves advised otherwise, but only by the way that the 
opponents gradually become extinct and that the new generation gets familiar with 
the truth in the beginning.”

On the basis of this view, the “truths” discovered by the scientists to which this 
communication is devoted, appear to be fairly viable, which is the best judgement 
which anybody possibly can make about any scientists work.
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