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PREFACE TO THE FIRST EDITION

Although the biochemical processes in the soil as well as the nature
of the microorganisms present there have received considerable atten-
tion from various points of view and although an extensive literature has
accumulated, not only dealing with soil processes in general but even
with certain specific activities of the organisms, our present knowledge
of the soil microflora and microfauna and of the numerous transforma-
tions that they bring about has not advanced beyond a mere beginning
of a systematic study. The isolation of numerous microorganisms from
the soil, their identification and cultivation upon artificial media is
very important but such data do not tell what rdle they play in the soil.
A knowledge of the activities of certain organisms isolated from the soil
is certainly necessary, but that is not a knowledge of the extent to
which these processes take place in the soil itself. A book on soil .
microbiology should include a study of the occurrence of microorganisms
in the soil, their activities and their réle in soil processes. It is this
last phase which has been studied least and where the information avail-
able is far from satisfactory in explaining what is taking place in the
soil. This is due largely to the limitations of the subject which depends
for its advance on botany, zoology, bacteriology, chemistry, including
biological and physical, and especially upon the advance of our under-
standing of the physical and chemical conditions of the seil.

There are various kinds of audiences to which a book on soil micro-
biology may appeal. There is the scientific farmer who may search for
a better understanding of the processes taking place in the soil, those
processes which control the growth of his crops and indirectly influence
the growth of his animals. There is the agronomist, who is interested
in the fundamental reactions controlling soil fertility by reason of the
need of directing such processes towards a greater utilization of the
nutrients added to the soil or stored away in the soil organic matter.
There is the investigator, the soil chemist or the soil microbiologist, who,
in attacking problems dealing with the occurrence of microorganisms in
the soil, their activities, and especially with the relation of these activi-
ties to the physical and chemical soil conditions, seeks for specific or
general information. These investigators may deal with organisms or
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viii PREFACE TO THE FIRST EDITION

processes which could be better understood when correlated with the
other soil organisms and the numerous other processes. An attempt
has been made to compile a book which will be of service not only to the
investigators in seil science, but also to workers in allied sciences, espe-
cially botany, plant physiology, plant pathology and bacteriology, as
well as to the general student in agriculture.

This book is a collection of known facts concerning microorganisms
found in the soil and their activities; it is a study of the literature dealing
with the science in question; it is an interpretation of the facts already
presented; it indicates the various lines of investigation and notes where
further information is especially wanted. Soil microbiology is & science
‘which is at the very base of our understanding of agricultural processes
and the practice of agriculture; it comprises & number of sciences. The
book may, therefore, be looked upon more as an introduction to further
research rather than as an ordinary text-book; as of help to those work-
ing in the allied sciences, who are desirous of obtaining some information
ooncerning the soil population and its activities. .

If this volume will help to disclose to the reader some of the numerous
interrelated processes in the soil, if it will present in a clearer light to the.
chemist, the physiologist, the botanist, the bacteriologist and the
zoologist the nature of the many scientific and practical problems
awaiting the investigator, if it contributes in a small measure toward
making soil science an exact science, the author will feel that he has
been amply rewarded. ‘ :

The author is greatly indebted to his various colleagues for reading
and criticizing the différent chapters of the book and for many helpful
suggestions generously offered, especially to Dr. J. Blom, Mr. A. Bon- -
azzi, Dr. B. M. Bristol-Roach, Dr. R. Burri, Dr. N. Cobb, Dr. H. J.
Conn, Mr. D. W. Cutler, Dr. E. B. Fred, Dr. W. M. Gibbs, Dr. I. C.
Hall, Dr. A. T. Henrici, Prof. D. R, Hoagland, Dr. L. R. Jones, Dr. W.
P. Kelley, Dr. C. A. Kofeid, Dr. L. T. Leonard, Dr. J. G. Lipman, Dr,
O. Meyerhof, Dr. G. T. Moore, Dr. T. B. Osborne, Dr. M. C. Rayner,
- Dr. H. Sandon, Dr, R, L., Starkey, Dr. J. Steiner, Dr. Ch. Thom and
Dr. A. T. Whiting, as well as to all those who have generously allowed
the use and reproduction of the various illustrations in the text.

. SELMAN A. WAKSMAN.
August 25, 1926,

New Brunswick, N. J., U. 3. A.



PREFACE TO THE SECOND EDITION

Within the brief period of four years, since the appearance of the First
Edition of this book, the numerous contributions to our knowledge of
the rapidly growing subject of microorganisms and their activities in -
the soil necessitate a number of changes in the new Edition. The book
has been brought to date by the incorporation of the additional informa-
tion. A number of chapters have been entirely rewritten, especially
those dealing with-the mycorrhiza fungi and the soil as a medium for
plant and animal parasites. A number of new chapters have been
added, dealing with the réle of microorganisms in the decomposition of
organic matter in green manures and stable manures, in the formation
and decomposition of peat and forest soils, and with the relation between
plant growth and the activities of microorganisms in soil. To avoid
any considerable increase in the actual size of the book, a certain amount
of condensation became necessary so as to balance the added material.
This was accomplished by leaving out some of the text which did not
bear directly upon the subject under consideration. Several chapters
have been ecombined so as to avoid unnecessary duplication.

As in the previous Edition, the interdependence between the activities
of microorganisms and the chemical transformations in the soil has
been particularly emphasized. The added chapters tend to stress fur-
ther the influence of the soil 28 a medium upon the nature and activities
of the microorganisms in the soil.

The author availed-himself of the criticisms which have been so freely
given in the various reviews of the first edition of this book that have
‘appeared in English and in other languages; also of the numerous sugges-
tions offered by various colleagues through correspondence. Oppor-
tunity is hereby taken by the author to express his gratitude to all his
friends and colleagues in the various fields of microbiology and soil
science for the generous assistance thus rendered. '

In view of the rapidly growing bibliography of the subject of micro-
biology and its relation to soil processes, it seemed more desirable to -
leave out the titles of the papers rather than to have to sacrifice some.
of the older or even some of the more recent references to the literature.

SELMAN A. WAKSMAN.
March 1, 1931.

New Brunswick, N. J.



A CLASSIFIED LIST OF BOOKS FOR REFERENCE IN SOIL
: A MICROBIOLOGY '

CLASSIFICATION OF ORGANISMS
Bacteria -

Bzrepy, D. H. A manual of determinative bacteriology. 3d Ed., Williams &
Wilkins Co., Baltimore. 1930.

BuceanaN, R. E. General systematic bacteriology; History, nomenclature,
groups of bacteria. Williams & Wilkins Co., Baltimore. "1925.

CugstER, F. D. A manual of determinative bacteriology. Macmillan Co., ‘New
York and London. 1901. . .

Lermany, K. B. axp Negomany, R. O. Bakteriologie insbesondere bakterio-
logische Diagnostik. 7th. Ed., 2 vols., J. F. Lehmanns Verlag. Miin-
chen. 1926-1927. English Ed. 1929-1930.

Miaora, W.  System der Bakterien. Jena, Vol. 1,-1897; Vol. 2, 1900.

Fungt

DEBary, A. Comparative morphology and biology of the fungi, mycétozoa ’
and bacteria. (Tr. Gainey, H. E. F. and Balfour, I. B.) Clarendon
Press, Oxford. 1887. : _ ; ,

EncLER, A. AND Prantr, K. A. Die natiirlichen Pflanzenfamilien. Teil I,
Abt. I. Engelmann, Leipzig. 1900. .

FrrzeaTrick, H. M. The lower fungi-Phycomycetes. McGraw-Hill Book Ca.,
New York. .1930. "

CGiumany, E. Vergleichende Morphologie der Pilze. G. Fischer, Jena. 1926;
Engl. tr..by Dodge, McGraw-Hill, New York. - 1928.

GwyNNB-VaUGHAN, H. C, L. AND BARNES, B. The structure and development of
the fungi. Cambridge University Press, London. 1927.

Linpau, G. Fungi imperfecti. Hyphomycetes. Rabenharst’s Kryptogamen
Flora. Vols. 8 and 9. 1907-1910.

Linpavu, G. Kryptogamenflora fiir Anfinger. 8 (1) Die mikroskopischen Pilze
(Myxomyceten, Phycomyceten und Ascomyceten). 2nd. Ed. J.
Springer, Berlin. 19822.

Ramsrorrom, J. A handbdok of the larger British fungi. British Museum
(N. H.). 1923. ‘

RovFs, R. T. anp RoLrg, F. W. The romance of the fungus world. Chapman &

" Hall, London. 1925. s :
"Saccarpo, P. A. Sylloge Fungorum. Padua. 1882-1913.
WerrsTEIN, R. Handbuch der systematischen Botanik. 3d Ed. Vol. 1. Wien.
- 1923.

Zopr, W. Die Pilze in morphologischer, physiologischer, biologischer und sys--

tematischer Beziehung. Breslau. 1890.
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xii CLASSIFIED LIST OF BOOKS

Algae

Boyer, C. A aynopsis of North American Diatomaceas. Proc. Acad. Nat. Sei.

| Philadelphia. 78. 1828; 79. 1927.

Cropat, R. Monographie &' Algues en culture pure. Bern. 1913,

Courin, H. Les algues du globe. Paris. 1912,

Grrruer, L. Cysnophycese (Blaualgen) Deutsshlands, Osterreichs und der
Schweis. Rabenhorsts Kryptogamen Flora. Leipzig. 14: Lief. 1.

: 1930.

Heurcx, H. J. Traité des Diatomées, Anvers. 1899,

Linoay, G. Kryptogamenflora fir Anfinger. Bd, IV, 1, 2 and 3. Die Algen.
J. Springer, Berlin. 1914-1916,

MgLcroIR, H. Die Algen, J. Springer, Bemiin., 1026.

Pascazr, A, Die Stsswasserflora Deuteshlands, $sterreichs und der Schweis.
G, Fischer, Jena. 1915-1827,

Printz, H. Chlorophyceae (nebst Conjugatas, Heterocontas und Charophyta).
In A. Engler. Die nattrlichen Planzenfamilien,  2nd Ed., 3. Engel-
mann, Leipzig. 1927,

ScrmipT, A. Atlas der Diatomaceenkunde, 1873-1004.

TioeN, J. E. Minnesota algae. I. Myxophycese. Minneapolis. 1910.

Waesr, G. 8. A treatise on the British freshwater Algae, Rev. by F. E, Fritsch.
Ceambridge University Press. 1927.

Yeasts

Craruan, A.C. anp Baxzr, F.G.C. Anatlasof the saccharomyecetes. ILondon.
1906.

JoraensBN, A. Die Mikroorganismen der Girungsgewerbe. 5th Ed.

GurLLerMOND, A. The yeasts. (Trans. F. W. Tanner.) J. Wiley & Sons, New

+ York. 1920.

Hennesera, W. Handbuch der G#rungsphysiologie. 2nd Ed. P. Parey,
Berlin. 1926.

Kony, F. G. Die Hefepilze. Quelle und Meyer, Leipzig. 1908.

LinDNBR, A. Saccharomycetinese. In Kryptogamenflora der Mark Branden-
burg. 7, H. 1. Leipzig. 1905. ’

Protozoa

Cargins, G. N. The biology of the protozoa. Lea & Febiger, Philadelphia.
19286.

Casg, J. The British freshwater Rhizopods and Heliozoa. Roy. Soc. London.
1005-1921.

DoryreiN, F. Lehrbuch der Protozoenkunde. (Bearb. E. Reiehenow), 2 vols.
5th Ed. G. Fischer, Jena. 1927-1929.

HarrmMaNN, M. Praktikum der Protozoologie. 5th Ed. 1928.

Kopo, R. R. Handbook of protozoology. C.C. Thomas, Springfield, Ill. 1931,

Kuax, A. Morphologie der Tiere in Bildern. H. 2. Protozoen; T. 2. Rhizo-
poden. Borntriger, Berlin. 1926,

MixcEiN, E. A. An introduction to the study of the protozoa. E. Arnold,
Lowpon. 1912,



 CLASSIFIED LIST OF BOOKS © xiii

PascEER, A. AND LouMmeRMANN, E. Die Silsswasserflora Deutschlands, Oster-
reichs und der Schweiz. H. 1 to H. 8. G. Fischer, Jena. 1913,
ScHARFTER, A. A, Taxonomy of the Amebas with desoription of thirty-nine new
marine and fresh-water species, 24. Carnegie Inst. Wash., Dept.
Marine Biol, 1926.
Wenyon, C. M. Protozoology. 2 vols. Baillidre, Tindall and Cox, London.
- 1926,

Nematodes

Bayus, H. A., AnNp DAUBNEY, R. A synopsis of the families and genera of
Nematoda. Brit. Museum, London. 1926.

De Maw, J. G. Nouvelles recherches sur les nématodes libres terricoles. M.
Nijhoff, Hague. 1922. '

Micowrrsky, H. Die freilcbenden Erd-Nematoden. Arch. Naturges. 87

_ (Abt. A). 1922.

Yorgn, W. AnD MarLEsTONB, P. A. The nematode parasites of vertebrates. P.
Blakiston’s Son & Cq., Philade]lphia. 1928.

Wagp, H. anp WarerLe, G. C. I"resh Water Biology. J. Wiley & Sons, New
York. 1918. :

THEORETICAL AND APPLIED MICROBIOLOGY.'
General Microbiology

BnNncxn,W Bau und Leben der Bakterien, 2nd Ed. Teubner, Leipzig. 1925.

BucaANAN, R. E. anp FoLuer, E. I.  Physiology and biochemistry of bacteria.
3vols. Williams & Wilkins Co., Baltimore. 1928~1930.

Conn, H. J. anp Conn, W. H. Baoteriology. 3rd Ed. Williams & Wilkins Co.,
Baltimore. 1926.

Forp, WM. W. 'Text-book of bacteriology. W.B.Saunders, Philadelphia. 1927.

Jozpaw, E. O. A text-book of general bacteriology. 9th Ed. W. B. Saunders,
Philadelphia. 1928.

KENDALL, A. 1. Bacteriology, general, pathologlcal and intestinal. 3rd Ed.
Lea & Febiger, Philadelphia. 1928.

KorLs, W. AND WassBrMANN, A. . Handbuch der pathogenen Mikroorganismen.
2d'Ed. Jena. 1913,

Krues, W. Allgemeine Mikrobiologie. Vogel, Leipzig. 1910.

Kruss, W. Einfithrung in die Bakteriologie. W. de Gruyter, Berlin. 1920.

Ligskn, R. Allgemeine Bakterienkunde. Borntraeger, Berlin. 1928.

Lurman, B. F. Microbiology. MecGraw-Hill, New York. 1929,

MEYER, A. Die Zelle der Bakterien. Jena. 1912,

Park, W. H., WirL1ams, A. W. AND Krumwinpg, C. Pathogenic microorganisms.
Sth Ed. Lea & Febiger, Philadelphia. 1924.

RirpEL, A, Vorlesungen fiber theoretische Mikrobiologie. J. Springer, Berlin.
1927.

StepaENsoN, M. Bacterial metabolmm Longmans, Green & Co., London.
1930.

Tanner, F. W. Bacteriology. A text-book of microorganisms. J. Wiley &
Sons, New York. 1028.



xiv CLASSIFIED LIST OF BOOKS

Z1inssER, H. anD TyzzER, E. E. A text-book of bacteriology. 6th Ed. Apple-
ton, New York. 1917.

Agricultural Mz‘crobz'ologyv

AN, P. W. Industrial fermentations. Chemical Catalog Co., New York.
1926. .

Ducrauvx, E. Traité de Microbiologie. Masson et Cie, Paris. 18981001,

Duxes, C. The bacteriology of foods. H. K. Lewis & Co., London. 1925.

Furrmann, F. Einfithrung ia die Grundlagen der technischen Mykologie. 2nd
Ed. G. Fischer, Jena. 1928.

Greaves, J. B. Agricultural bacteriology. Lea & Febiger, Philadelphia. 1922.

Jankm, A. Allgemeine technische Mikrobiologie. Steinkopff, Dresden and

Leipzig. 1924, )
Larar, F. Handbuch der technischen Mykologie, 5 vols. G. Fischer, Jena.
1904-1913.
LipMan, J. G. Bacteria in relation to country life. The Macmillan Co., New
' York. 1911.

Loanis, F. Handbuch der landwirtschaftlichen Bakteriologie. Borntraeger,
Berlin. 1910. . ’

Lomnis, F. anp Frep, E. B. Agricultural bacteriology. McGraw-Hill, New
York. 1923, ‘

MarsuaLy, C. E. Microbiology. 3rd Ed. Blakiston, Philadelphia. 1921,

Prsskirr, F. J. W. Microscopic fresh-water life. Chapman & Hall, London.
1927. -

Rossy, G.pE. Microbiologia agraria e technica. Unione Tip, Torino. 1921-1926,

RusseLy, E. J. et al. The microorganisms of the goil. Longmans, Green & Co.,
London. 1923.

Russery, H. L. ANp HastiNgs, E. G. Agricultural bacteriology. The Century
Co., New York. 1921.

Surra, E. F. Bacteria in relation to plant diseases. 1, 1905; 2, 1911; 3, 1914,

Suyra, H. F. AND OBoLd, Wy L. Industrial microbiology. Williams & Wilkins
Co., Baltimore, 1930. .

SroxLAsa, J. anp Domrern, E. G. Handbuch der physikalischen und bio-
chemischen Durchforschung des Bodens. P. Parey, Berlin. 1926.

TaNNER, F. W. Bacteriology and mycology of foods. New York. 1919,

TaAYSEN, A. C. AND BUNKER, H. J. The microbiology of cellulose, hemicelli-
loses, pectin, and gums. Oxford Univ. Press, London. 1927.

"TuAYSEN; A. C. AND GALLOWAY, L. D. The microbiology of starch and sugars.
Oxford Univ. Press, London. 1930.

Waksman, 8. A. Der gegenwirtige Stand der Bodenmikrobiologie und ihre

- Anwendung auf Bodenfruchtbarkeit und Pflanzenwachstum. Urban &

Schwarzenberg, Berlin. 1930.

WagksMAN, 8. A. AND STarkEY, R. L. The soil and the microbe. J. Wiley &
Sons, New York. 1931.

WarzpLg, G. C. AND WarepLe, M. C. The microscopy of drinking water. 4th

" Ed. J. Wiley & Sons, New York. 1927.
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Manuals of Bacteriologic Technic

AspL, R. Bacteriologischés Taschenbuch. C. Kabitzsch, Leipzig. 1927.
Amerioan Public Health Association: Standard methods for the examination of
water and sewage. 6th Ed. ' 1925.. -
Barnarp, J. E. anp Waice, F. V. Practical photo-micrography. 2nd Ed.
Longmans, Green & Co., New York. 1925. S
BeLuing, J. The use of the microscape. MecGraw-Hill, New York. 1930
BussoN, A. Technique microbiologique et sérothérapique. 3 vols. 1921-1923.
Conn, H. J. An elementary laboratory guide in general bacteriology. Wil-
liams & Wilkins Co., Baltimore. 1927. ' . :
Conn, H. J, Biological stains. Geneva, New York. 1929.
CunviNGEAM, A. Practical Bacteriology. London. 1024. :
Ewmicr, P. Lehrbuch der Mikrochemie. 2nd Ed. Bergmann, Miinchen. 1926,
EnruicE aAND Wrieerr. Encyelopedie der mikroscopischen Technik. 2 vols.

1910. .
Eveg, J. W. H. Bacteriological technique. 3d Ed. Baillidre, Tindall & Cox,
" London. -1930. '

FrED, E. B. AND WaRsMaN, 8. A. Laboratory manual of general microbiology
with special reference to the micraorganisms of thesoil. MeGraw-Hill,
New Vork. 1928.

Gacg, 8. H. The microscope. 14th Ed. Comstock, Ithaca, N. Y, 1925.

GiLTNER, W. Laboratory manusl in general microbiology. 4thEd. J. Wiley &

. Sons, New York. 1928. -

Hacer, H. Das ‘Mikroskop und seine Anwendung. 13th Ed. J. Springer,

) Berlin. 1926.

Hastinas, E. G, aNp Wricar, W.H. Alaboratory manual of general agricultural

bacteriology. Madison, Wis. 1927. -

JankB, A. anp Zixes, H. Arbeitsmethoden der Mikrobiologie. T. Steinkopff,
Dresden and Leipzig. ~ 1928.

Kocr, A. Mikrobiologisches Praktikum. J. Springer, Berlin. 1922.

Kostka, G. Praktische Anleitung zur Kultur der Mikroorganismen. Mikro-
kosmos, Stuttgart. 1924. :

Kraus, R. anp Ustenauors, P. Handbuch der mikrobiologischen Technik. 3.
vols. Urban and Schwarzenberg, Berlin. 1923-1924.

Kutster, E. Kultur der Mikroorganismen. 3rd Ed. Teubner, Leipzig. 1921.

" LANGERON, M. Précis de microscopie. 4th Ed. Masson et Cie, Paris. 1925.

Len, A. B. The miorotomist’s Vade-Mecum. 9th Ed. Churchill, London.
1928.

Leving, M. Laboratory technique in bacteriology. New York. 1927.

Lomnis, F. Landwirtschaftlich-bakteriologisches Praktikum. 2nd Ed. Born-
traeger, Berlin. 19620. _

McCrung, C. E. Handbook of microscopical technique. P. B. Hoeber, New
York: 1930.

Muig, R. anp Rircaig, J. Manual of Bacteriology. 8th'Ed., Oxford University
Press, London. 1927.

Prowazek, S. V. (V. Jouros). Taschenbuch der mikroskopischen Technik der
Protistenuntersuchung, 3rd. Ed. J. A. Barth, Leipzig. 1922.

Sigpen, H. Einfihrung in die botanische Mikrotechnik. G. Fischer, Jena.
1913.
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‘ SOILS AND PLANTS
The Physics and Chemistry of Soils and Manures

Bug, F. E. Soil management. 2nd Ed. J. Wiley & Bons, New York. 1927.

Beaw, F. E. Theory and practice in the use of fertilizers. J. Wiley & Sons,
New York. 1929, :

Branck, E. Handbuch der Bodenlehre. Vols. I-VII. J, Springer, Berlin.
1920-1931. :

Burr, F. A. Soil mineralogy. Van Nostrand Co., New York, 1927.

Crarke, F.W. The data on geochemistry. Bull. 770, U. 8. Geol. Survey. 1924,

Enrpneere, P, Die Bodenkolloide. 8rd Ed. Steinkopff, Dresden and Leipzig.
1920.

Euxnson, F, V. anp Suira, J. B. Agricultural geology. 2nd Ed. J. Wiley &
Sons, New York. 1928, ;

Fraps, G. 8. Principles of agricultural chemistry. The Chemical Publishing
Co., Easton, Pa. 1913,

Guinga, K. Die Typen der Bodenbildung, ihre Klassifikation und geographische
Verbreitung. Borntraeger, Berlin, 1914, Engl. Tr.by K. F. Marbut,
Edward Bros., Michigan. 1927.

Haur, A. D. The soil, an Introduetion to the scientific study of the growth of
crops. 3rd Ed. Dutton, New Yaork. 1920,

HaseLHOFF, E. AND BrLaNck, E. Lehrbuch der Agrikulturchemie. Borntraeger,
Berlin, 1927-1028,

Hrming, E. Die praktische Bodenuntersuchung. 2nd EJ. Borntraeger, Berlin.
1928. -

Hinkig, 8. F, Fertility and crop production. Sandusky, Ohio, 1925, .

Hivearp, E. W. Soils, their formation, properties, composition and relations to
climate and plant growth. Macmillan, New York. 1912,

Horxkins, C. G. Soil fertility and permanent agriculture, Ginn & Co., Boston.
1910.

Karren, H. Die Bodenaziditiit. J. Springer, Berlin. 1929,

KresN, B. A. The physical properties of the soil. Longmans, Green & Co.
New York and London. 1931,

K6BBR, L. Der Bau der Erde. Borntraeger, Berlin. 1921,

Lyon, T. L. aNp Buckman, H. 0. The nature and properties of soils. ‘The Mac-
millan Co., New York. 1929.

MavER, A. Lehrbuch der Agrikulturchemie. 3. Die Giéirungschemie. 7th Ed.
K. Winter. 1927. ’

MzrriLy, G. P. Rocks, rock weathering and soils. The Macmillan Co., New
York. 1897,

MrrscuBrircH, E. A. Bodenkunde fir Land- und Forstwirte. 4th Ed. P,

: Parey, Berlin. 1923,

MuRrRrAY, J. A. The science of soils and manures. 3rd Ed. D. Van Nostrand

Co., New York. 1925,

PreTERs, A.J. Green manuring. J. Wiley & Sons, New York. 1927,

Pucener, H. Bodenkunde fir Landwirte. 2nd Ed. F. Enke, Stuttgart. 1927,

Ramany, E. Bodenkunde. 3rd Ed. J: Springer, Berlin. 1911,

Ramann, 8. The evolution and classification of soils. Tr. C. L. Whittles.
Heffer, Cambridge. 1928,
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Russery, B.J. Soil conditions and plant growth. 5th Ed. Longmans, Green &
Co., London. 1927.

Scuucar, F. Grundziige der Bodenkunde. P. Parey, Berlin. 1930.

Sresurr, A. Lehrbuch der allgemeinen Bodenkunde. Borntraeger, Berlin.
1930.

WiLey, H. W. Principles and practice of agricultural gnalysis. 1. Soils. 3rd
Ed. Chemical Publ. Co., Easton, Pa. 1926.

The Soil Environment and Higher Plants

Benecks, W. aND Jost, L. Pflanzenphysiologie. G. Fischer, Jena. 1924.

CruMENnTs, F. E. Aeration and air content; the role of oxygen in root activity.
Carnegie Inst. Washington, Publ. No. 315. 1921.

Cezarexk, F. Biochemie der Pflanzen. 3vols. 2ndEd. G.Fischer,Jena. 1913- ’
1921,

Guieer, R. Das Klima der bodennahen Luftschicht. F. Vieweg, Braunschweig.
1927. .

Haas, P. anp Hiwr, T. G.  An introduction to the chemistry of plant products.
2 vols. 4th Ed. Longmans, Green & Co., London. 1928-1929.

Hann, J. Handbuch der Klimatologie. 3 vols. Stuttgart. 1908-1911.

Kougwitz, R. Pflanzenphysiologie. G. Fischer, Jena. 1922.

KoppEN, W. Die Klimate der Erde. W. de Gruyter, Berlin. 1923.

Kosryrscaew, S. Pflanzenatmung. J, Springer, Berlin. 1925.

Lunppaaros, H. Klima und Boden. 2nd Ed, G. Fischer, Jena. 1930.

ParrapiN, V. I. Plant physiology, Trans. by B. E. Livingston. 3rd Ed.
Blakiston, Philadelphia. 1927.

SromHr, H. A. Photosynthesis. The Chemical Catalog Co., New York. 1928.

Srovens, W. C. Plant anatomy. 4th Ed. Blakiston, Philadelphia. 1927.

TREATISES IN GENERAL SCIENCES
General Biology, Physiology and Physiological Chemisiry

AspErEALDBN, E. Handbuch der biologischen Arbeitsmethoden. 2nd Ed.
Urban & Schwarzenberg, Berlin. 1920-1930.

ABDERHALDEN, E. Biochemisches Handlexikon. 13 vols. J. Spriunger, Berlin.
1911-1931. .

BeTHEB, A., BErRGMANN, G. V., EMpEN, G. AND ELLINGBE, A. Handbuch der
normalen und pathologischen Physiologie. J. Springer, Berlin. 16
vols. 1930.

Bayuiss, W. M. Prinoiples of general physiology. 4th Ed. London. 1924.

BuceENER, P. Tier und Pflanze in Symbiose. 2d Ed. Borntraeger, - Berlin.
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