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PREFACE

My thesis on Plants and Plant-life as in
Indian treatises and traditions, submitted and
finally approved for the Griffith Memorial Prize
for 1925, is being presented at last in the follow-
ing pages to the reading public. I musthumbly
mention that this thesis is rather a result of cer-
tain specific inquiries, undertaken by me in 1923,
to satisfy a curiosity as to what wealth of inform-
ation on the subject of Plants and Plant-life
might yet be gathered from Indian literature
which is a continuous record of many centuries
and a vast store-house of human experiences,
fancies and speculations. It was not an easy
task for me to face the difficulties of exploiting
the various sources of information, specially
where these remained concealed in Sanskrit and
other Indian works not accessible to me in
English translations. It is happy to recall to my
mind that when I had proceeded with the task
the prospect was far from being bright, but to
my great astonishment within a month I was
able to collect numerous passages having bearings
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upon the subject, and cnabling me to conceive a
much wider plan of treatment than one restricted
to the requirements of the Science of Botany.
This is to say, that in this thesis the plan has
only been partially carried out. I have little
doubt that a vivid account of how much human
civilisation has derived from Plants and
Plant-life in its progress, on the basis of the
materials collected by me, will read like a
romance which may be calculated not only to
fascinate but also to instruct.

The plan and method of treatment which I
have followed in working out the present thesis
are intended to meet the demands of a modern
student of Botany like myself. The masses of
information collected hy me have becn classified
and systematically arranged for the convenience
of reference. It will be seen that the chapter-
headings are taken from Botanical treatises, and
expedience is my only excuse, for, in the absence
of any Indian Botanical text there is no other
alternative than utilizing a scheme which is
available, in order to render the treatment of the
subject really systematic. But I think I have
not failed to indicate the three different lines
upon which the contemplations of the Ancients
on Plants and Plant-life had proceeded in India.
As a matter of fact the titles of the three Books :
Book I—Botany and Philosophic Speculations ;
Book II—Botany and Science of Medicine ;
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Book ITT—Botany and Science ot Agriculture—
have been conceived on the basis of three diffe-
rent lines that I was able to make out.

In the Introduction I have tried to suggest
what reply can reasonably be given to the
eunquiry whether there was at all anything like a
Science of Botany in India. It has been suggested
that there are not only reference to such
individual Sciences as the Krishitantira, Vriksha-
yurveda and Bheshajavidya but clear quotations
from such individual authors as Kasyape, Pard-
éara and Saraswata. And yet I have not gone so
far as to maintain that there was any single an-
cient Indian treatise coinciding with any of the
modern treatises of Botany. I have been con-
cerned to emphasise the fact that the ideas of
plants and plant-life in India are traced to a
stage when Botanical discipline had not obtained
an independent position, for much of the know-
ledge which might be relegated to the Science
of Botany appears to have been either subser-
vient to Philosophy, cr to the Science of Medi-
cine, or to the Science of Agriculture.

In each Book, and in each of its sections I
have dealt with a particular topic, and the in-
formation supplied in different heads will, I
hope, sufficiently show that though much of the
knowledge is common place, there is abundance
of scientific observations, classifications, genera-
lisations, theories and applications. While I
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leave the following pages to speak for them-
selves, I must say that in my opinion the
supreme value of such a study as mine is rather
historical. 'When I say this I think I have said
much. An acquaintance with the accumulated
experiences of those who have gone before us,
and attempts to grapple with the problems
suggested by the phenomena which confronted
them, is sure to serve as an inspiration and
strengthen us in our belief that the patient
investigations which the modern students
are carrying out in the field of Botany are
of paramount importance for the progress.of
human knowledge and increase of human
comforts.

Among the works consulted I must acknow-
ledge my immense debt to Dr, B. N. Seal’s « The
Positive Science of the Ancient Hindus.” I have
freely utilised the translations of the Vedic
hymns, the Charaka and Susruta-sambhitas, and
other original texts rendered by authors whose
names have been mentioned at proper places. I
regret that from want of time I have not been able
to verify all the Latin synonyms of the plants
mentioned in the work, and in some cases the
Latin equivalents have not been given at all.
This is an omission which I hope to rectify
should a second edition of the work be called
for. I have no pretension toOriental Scholarship,
nor am I a Sanskritist, I cannot perhaps claim
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that I have been able to give the subject a full
treatment it deserves. I am aware of my short-
comings, but if the account of Plant-life serves
to awaken a genuine interest in the study of
this subject I shall regard my labour as amply
rewarded.

I am very grateful to Dr. B. M. Barua,
D. Lit. (London), of the Calcutta University, who
gave me his best guidance in formulating the
scheme of the work, and I am sure nothing will
please him more than the continuation of the
present work so as to give completeness to my
accounts of Plants and Plant-life as in Indian
treatises and traditions. I am also grateful to
Mr. R. C. Adhikary, a great lover of ancient
civilisation and things Indian, who has never
failed to cheer me up with his valued friendship
and helped me materially with suggestions and
sound criticisms from time to time but for
which my work would have been substantially
poorer. My thanks are also due to the staff of
the Calcutta University Press who have always
been patient, courteous and helpful to me—a
novice in the matter of publication. I should
not conclude this preface without mentioning
that my wife has all along associated herself
with this humble pursuit of mine, specially in
seeing the book through the press and prepar-
ing its contents together with the list of the
plants mentioned in the text.
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As the proofs had to be seen in haste, and
that by a hand not at all expert in the business,
many ugly errors have crept in, and for these I
offer my sincere apologies.

BoranicaL LABORATORY,
Presidency College,
Calcutta.
G. P. MAaJumpaRr
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PLANTS AND PLANT-LIFE

INTRODUCTION

‘WAS THERE A SCIENCE OF BoTANY?

Botany is a modern science which imposes its
own peculiar form of discipline. The subject
matter of investigation which comes within its
scope falls also within the broader scope of the
Science called Biology. But Biology, too, as we
know it, is a science of modern origin. The
pride of this modern achievement cannot be
yrelished by a people like the Indian conscious
,of a great historic past. At the same time it
will be too much of arrogance and self-sufficiency
on the part of the advocates of modern
sciences to neglect the whole body of ancient
treatises and the whole mass of traditions of a
great people by treating them as a tissue of
credulity and superstition. In the life of the
science of Botany, exactly as in the life of other
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sciences, there were earlier processes suggesting
its possibility. This may be accepted as a
truism. Our enquiry then is—was there anything
in India approaching the science of Botany ?
Were there any earlier processes which enabled
the people of this great country to gain in
the knowledge of plants and plant-life, and
the art of application of this knowledge for
the improvement of the general -conditions
of life ?

In Varahamihira’s Brikatsamhita' as well as
in the Agnipuranda’, there is a distinct section
dealing with the topies of Prikshdymrveda—a
term which may be literally rendered -‘the
knowledge of tree-life.” The very same term
with the additional Gulme  preceding it
(Gulma-Vrikshdyurveda) occurs in the Kautilna
Arthasastra in the section® enumerating the
functions of the officer in charge of Agriculture,
and his assistants. Whether the term has
additional word gulma (bushes—shrubs and
herbs) or not, the meaning is the same, the
word ‘tree’ where it occurs alone standing for
the whole of plant-life in the kingdom of plants ;
even in the Vedic hymns the term Zunam,
Vriksha, being used almost as synonyms.* Of

! Chap. 54, Vol.1I, pp.743, etc.

2 Bibliotheca Indica, Vol.1I,1876, Chap. 281, pp. 43-44.
3 Chap. XXIV, p. 115 (8anskrit original),

¢ Rigveda, X, 81. 4.
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the three works in which this significant term is
used and a complete section has been devoted
to the subject, the first, the Agnipurana, is
nothing but a popular encyclopaedia of all kinds
of knowledge and practices; the second, the
Brihalsamhitd, is a manual containing directions
for the applications of the knowledge of
astronomy and astrology in practice ; the third,
the Arthasistra, is also a handbook discussing
matters relating to royal polity and the art of
covernment. Thus all of them are non-
Botanical treatises; all are intended not so
much to acquaint the students with theories as
with practices. In each of the three works we
come across a section' dealing with the subjects
of Vrikshdyurveda. The matters dealt with in
these sections are of the same character. All of
these agree in giving us the impression that the
subjects within the scope of the ancient science
of plant-life consisted of collection and selection
of seeds, germination, grafting, cutting, sowing,
planting and nursing, selection of soil, manu-
ring and cultivation of soil under favour-
able meteorological conditions, and the location
of plants for improving the aesthetic and
hygienic surroundings of the homestead. There
are certain points of difference which are of
paramount importance in the absence of any

! Bee supra, p. 2. footnote.
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ancient Indian treatises or manuals of Vrikshd-
yurvede coming down to us. The section of
the Arthasastra leaves out of account the
central point doing ‘justice to the title of the
ancient science Vrikshdyurveda, namely, the
‘treatment of plant-diseases and prescriptions
for remedies.” This point comes out prominently
in the Brihatsamhita and the Agwipurans. On
the other hand, the section of the Arthasastra
is not without a special importance not only for
its antiquity but also for a clear statement in
which the ancient science of plant-life appears
to be treated as a sub-head of Arishitantra, a
term obviously signifying a treatise on Agricul-
ture. The statement is quoted below! :

“QasAs.  AITTETHITRIH SHCAIHAAE! a7
W 4 U1 7 § W RAN AR AU TR A R g aa st
quTEHTE wRAT N

By this the officer in charge of Agriculture
and his assistants are supposed to be conversant
with the treatise of Agriculture (Krishitantra)
and knowledge of the life of Bushes and Trees,
and well trained in the art of utilisation of their
knowledge. Dr. Shama Shastri in his translation
has represented Krishitantra as a science or
scientific treatise dealing with Gulma- Vriksha-
yurveda and he cannot but do so in regard to

! For English Translation—see Shama 8Shastri, Chap. XXTV, p 138.
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the matters dealt with in this particular section.
But from the construction of the sentence it is
clear that Krishitantra and the Guima-Vrikshd-
yurved~ are two separate terms used to denote
the two departments of knowledge. If in a
particular context one has been treated as a sub-
section of the other, necessarily, the implication
is not that the departments of knowledge signified
by them were not independent ; the point
which is clear from the d4rthasistra is the
interdependence of the two. A treatise of Agricul-
ture will be incomplete without a chapter dealing
with the appiication of Botanical knowledge to
the art of plantation, cultivation, manuring and
the rest. In the other two references the term
Vrikshayuwrveda looms large and the Krishitantra
does not find any mention. But here, too, the
purpose is just to show the application of the
knowledge relating to ancient science of plant-
life for agricultural, horticultural, irrigational
and economic purposes.

The question is—did the authors of the three
treatises really intend cataloguing some useful
prescriptions for utilisation of this knowledge to
exhau~t the contents of the science contemplated
by the term Prikshdyurveda ?  The answer
must be in the negative. If the sections in
the three non-Botanical treatises mean any-
thing, it must be that there was in existence an
independent treatise or treatises upon which the
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prescriptions contained in them were based.
They may be taken also to mean, no doubt, that
the Ancient Botanical Science was developing
at first along with the Art of Agriculture before
it gained an independent foothold of its own.
Are we to suppose that the knowledge of
plant-life developed along with the Science of
Agriculture alone ? First, let us enquire if
there were any separate treatises devoted to the
two sciences, one relating to agriculture, and the
other to the kunowledge of plant-life. Varaha-
mihira’s commentator—Bhattopala—in explain-
ing the prescriptions in the section on /77ikshd-
yurveda, has elucidated the points by certain
quotations from three ancient authors, namely,
Kasyapa, Parasara and Sarasvata. It seems
probable that the treatises ascribed to these
authors were primarily concerned with Krishi—
the art of cultivation, Krishi- Parasara being the
traditional title of a treatise associated with one
of these authors. There is no reference as yet
found out where Krishitantra and Vrikshdyur-
veda have been exchanged one for the other.
If it stands out from the sections in the Brikat-
samhitd and Agnipurine that the trcatment of
plant-diseases and their remedies was one of the
subjects of investigation falling within the sc )e
of the Botanical science, it may be supposed to
have formed, so far as this point is concerned,
also a subhead for the ancient Indian science of
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Medicine. So far as the recorded evidence goes,
the reference indicating the close association of
the knowledge of plants and plant-life with the art
of healing are much earlier and plentiful. We
shall briefly examine below two Vedic hymns—
one in the Rigveda and the other in the
Atharva Veda, and see what licht they throw
on this point:

In the hymn of the Rigveda' the poet speaks
of 107 applications of plants to make people
free from diseases, the plants bearing flowers
and fruits, etec. There is not a single utterance
in the whole hymn referring to applications of
the knowledge of plants for agricultural and
other purposes.

In the hymn of the Atharva Veda? the
different herbs and plants are named, classified
and praised only for their medicinal properties.
There is not a word about the connection of the
knowledge of plants with agriculture, irrigation,
and the rest. And this is just the typical
of several other hymns that corroborate the
point.

The popular Indian word ausadhe denoting
medicine is derived from or connected with
Osadhi signifying the annual herbs. Even at
the present day, in some parts of India, the word
daru or tree is used to denote medicine, and in

1 Rigveda, X, 97.
¢ Atharva Veda, VIII, 7 (pp. 498-500, Whitney).
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some parts to denote the alcoholic substance, i.e.,
the Soma. The moon bears the designation of
Osadhinatha—the lord of herbs, here Osadhi
heing a synonym of ‘Soma’ which, according to
the above hymns of the Vedas, was the king of
the herbs and plants. The word bkeshaja from
which Okishak denoting physician is derived,
etymologically means ¢ vegetable drugs.”

In an expressed opinion in the Charaka-
sarmhita' it is only the man well acquainted with
the names, and external features of plants, and
able to use them properly according to their
properties is to be called an expert physician.

The Dhanvantari Nighantu® which is more
explicit on this point says,—* Sometimes several

! Sutrasthana, Chap. 1. Verses 51-53

t uH A gfgd agam |
T qEIa qar =54 )
T@ STATRIGATAY |
1@ ywTaTtE qaafa |
TRET Wwa-Hew qrf |
A fasg ax'y g o
genr ¥ 9,7 ¥ it fad
FEanfis Has A=A |

Cf. Preface to the Raja Nighantua of Narahari where he says : -
Arrfadiaty TaTRg A
YAH GRVIAIHRT FH Y
FEEEEATa fraeedad
Faed fafadt st feamm |

Also Rasaratnasamuchchaya—Qhap. VII, 32 “ Such herbalists as
are not deceitful and are well-versed in the kunowledge of the drugs
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healing vegetables (bkeskajes) bear one name,
sometimes one vegetable bears various names
according to its class, external feature, colour,
potency, function (rasa), effects, properties and
the rest.”

“The physician does well to master Bheshaja-
Vidya by acquainting himself with the various
names of plants in Sanskrit and Prakrit, consult-
ing all classes of men, by personal observations,
by a careful handling, as well as, by a careful
consideration of its specific characters and
sexuality.”

In this quotation we find the use of a
technical term Bheshaja-Vidya signifying a
distinct study of the plants and plant-life
with special reference to medical properties
and use.

Here, too, the same question is apt to arise,
does this study complete the contents of the
ancient Botanical science? We must say, No.
Throughout Indian literature we find the theo-
ries about the evolution of plants, about the

and plants, and in the language of many countries should be
employed.” (P C. Roy’s History of Hindu Chemistry, Vol. I, p. 65,
Calcutta, 1902,) Also the final test to which Bhikshu ZXtreya,
the celebrated teacher of medicine in the University of Taxila,
put his equally celebrated pupil Jivaka, afterwards the physician of
Bimbisara, in collecting, identifying and describing the properties of
plants to be found within four Yojanas of the University town.
(Vijayratma Sen—Preface to Viraja Charan 8en Gupta’s Vanaushadhi.
Darpapga, Vol. I, 1908).

2
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nature of plant-life, the position of plants in the
whole scheme of nature and the like, developed
along with the various philosophical speculations.
Even for a brief survey of the entire field
of Indian Botanical Science we must trace its
developments in these three different lines:

(1) As under the Philosophic Speculations.
(2) As under the Science of Medicine.
(3) As under the Science of Agriculture.

Accordingly the thesis is divided into three
books bearing the following titles:

Book I.—Botany and Philosophic Specula-
tions.

Book II.—Botany and Science of Medicine.

Book ITI.—Botany and Science of Agricul-
ture.



Booxk 1

BOTANY AND PHILOSOPHIC SPECULATIONS






SECTION 1
GENERAL OBSERVATIONS

The daring philosophic speculations and
fanciful popular notions are always in advance
of science. The hymns of the Vedas, the texts
of the Upanishads, the Epics and Purapas,
the Buddhist and Jaina canonical works and
commentaries, the medical treatises of Charaka
and Susruta, the lexicon of Amara and such
other works yield us plenty of materials indicat-
ing how the knowledge of plants and plant-life
came into clear recognition, and the Botanical
science developed on various lines. The informa-
tion culled from these sources can be considered
under the following heads :

I. Germination of seeds.
II. Morphology—External, i.e., general
description of Plants.
ITII. Morphology—Internal or Histology.
IV. Physiology.
1. Nourishment.
2. Absorption, Transport, Transpiration
and Assimilation of food.
Planting.
Manuring.

13
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14 PLANTS AND PLANT-LIFE

5. Treatment of Plants.
6. Respiration (Breathing).
7. Movement—Irritability.
8. Growth.
9. Age and Death.
10. Consciousness in Plants.
11. Sexuality.
12. Reproduction.
13. Heredity. (Appendix A.)

V. Ecology—Study of Plants in their
natural surroundings (homes),
VI. Taxonomy.

1. Nomenclature or the naming of
Plants.

2. Classification or the grouping of
Plants based on—

(¢) Botanical principles.
(b) Medicinal properties.
(¢) Dietic value.
VII. Plants and Evolution.
VIII. Miscellaneous application of the Study
of the Science of Plant-life—
1. As ameans of Economic predictions.
2. As a means of ascertaining the
presence of water in a dreary
region.



SECTION Ii
GERMINATION

The process of germination is technically
called ankwurddbheda, a term which means
sprouting, ¢.e., the awakening of life latent in
the seed under certain given conditions. And
the conditions are—supply of air, water and
warmth. We read in the Susruta!:

wq FarEAA FHATLED TAT—

“ Just as the proper season (»ifw), good soil
(kshetra), water (ambu), and vigorous seeds
(vija), together with proper care, help the
germination of strong and undiseased sprouts...’”

Again in Guparatna’s Commentary on the
Saddarsana-samuchchaya :

wfimafamar  aEesewcaR frfaam-
HEMiey AF: |

“The seeds of Vate (Ficus Indica), Pippala
(Ficus Religiosa), Nimva (Melia azadirachta) and

! Sufruta, Sarirasthana. ii, 33.
2 Vol. II, p. 129, English Translation by Kunjalal Visagratna,
1911,

16
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the rest, sprout during the rainy season under
the influence of dew and air (when sown).””!

The following aphorisms of Khana also
contain the following direction of aerating the
soil for different plants :

“ For the successful cultivation of cotton one
has to plough the land 16 times, for radish 8
times, for paddy 4 times and for betel nil.”

The soundness of the directions becomes at
once manifest when one takes into consideration
that cotton plant has an elaborate root-system,
radish is a herb, paddy is a surface feeder, and
betel is a climber that produces numerous
adventitious aerial roots.

From the above we see that the factors of
air, water and warmth (proper season) are re-
garded as necessary for successful germination
of seeds.

The seedling is called ankure, avinavodvid,
which etymologically means that the plant
becomes visible for the first time by it. Scienti-
fically this term is more accurate than its
English synonym “ seedling ™.

Although the ancients laid down the condi-
tions of germination arrived at by practical
experience, they have not, so far as our knowledge

!  Gunaratna’s Commentary, Sloka 49, p 157. Saddarsana-sama-
chchaya, Bibliotheca Indica, new series 1151, 1907.

' i sty A, oty WEF I
o7 T A1, A Bl AT 4
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goes, cared to state the stages of germination as
is done in the modern treatises on the subject.
Yet the Sanskrit word wétanapade taken
from the vegetable world is significant. During
germination it is the Radicle (mule, pada), the
primary root, that comes out first, even in
whatever position the seed is placed. The
words witanapadae, wrddhvemula mean * the
root foremost.” Thus it is not inconceiva-
ble that they did not fail to notice the first stage

in germination.



SECTION III
. Tur GENERAL DESCRIPTION OF PLANTS

The rudiments of morphology may be traced
as early as in a hymn of the Atharva Veda'
where we get a rough description of the ex-
ternal features of plants :

“ The spreading, the bushy, the one-spathed,
the extending herbs do I address, those rich in
shoots, jointed, that have spreading branches ;
I call for thee the plants that belong to all the
gods, formidable, giving life to men.”” (1.)

¢ Rich in sweets the root, rich in sweets the
tip of them, rich in sweets was the middle of
the plants, rich in sweets the leaf, rich in sweets
the flowers of them, etec.”” (12.)

“ Rich in flowers, rich in shoots, rich in
fruits, also those lacking fruits—like joint
mothers, ete.” (27.)

A moro systematic statement in brief occurs
in the Vrihat Aranyaka Upanishad® where we
get an accurate description of the life history of
a plant. Thus :

“ % % ¥ the essence of water is embodied
in plants such as grasses, creepers and the rest,
flowers represent the essence of plants, and the

! Atharva Veda VIII, 7. Whitney Ed.,
2 V. A. Upanishad, 4.6.1.
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essence of flowers are fruits, such as paddy,
wheat and the rest.”

We again read in the Vishnupurana' a des-
cription of the parts of a complete plant. The
type given is that of paddy. Thus:

“ O the greatest of sages, just as there are
embryo (ankur), root (mula), stem (nala), leaf
(patra), flower (pushpe), milky sap (kshira),
husks (glumes—tasha), seed-vessel (kosha,
vija Losha), seed (tandula, rice) and cndosperm
in seeds (kana) in the paddy, and they become
manifest only under suitable conditions such as
soil, water, ete.”

The quoted passages contain terms and
expressions covering the whole of the external
feature of plants which we now call External
Morphology. The points that are to be noted,
according to these passages, comprise root, stem,
leaf, flower, fruit, seed, ete.

All plants are divided broadly into two
parts :—A. subterrancan called the Root (Mule,
Pada), and a sub-aerial called the Shoot (77%s-
taro). Let us now consider what the Ancient
Botanical Science has got to teach us on all
these points taken one by one.

1. Root.—The  Sanskrit equivalent of this
organ is significantly expressive at once of its
function and location. It is called mala, i.e.,
by its means the plant is fixed to the soil. The

! 7th Chapter, Slokas 37-39, Bangabasi Edition, p, 121.
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plant is called padapa, i.e., by its padas (maulas),
the plant drinks (absorbs) water (rasa—watery
solution) from the soil. Adventitious roots are
called sakha &ipha (fibrous roots springing
from the branches). Fibrous roots are called—
$ipha, jata. Adventitious roots hanging from
spreading branches (prop roots of Ficus indica,
also of Tinospora cordifolia) are called abardha,
i.e., that which goes down, hangs. We also
learn from Arthasastra,’ Charaka, Upanishads,
etc., that people used to take it as food and in
this connection we find mention of ¢ bulbous
roots ’ as distinguished from typical ones.

2. Shoot.—The shoot is divided into stem
and leaves. The main stem (trunk) is called
prakanda, i.e., it is that part which is between
the main root and the place from which bran-
ches originate. It is also called skandhe as it
bears the head or crown. The stem may be
weak or strong and so are the plants having
them. Strong stemmed plants are called vanas-
pati, vanaspatya, ete., they stand erect. The
weak stemmed plants cannot support themselves,
and according to their habit they are distin-
guished into—a creeper and a trailer. A creeper
is called valli, vratati, or lata. 'The creeper
includes both a twiner and a climber. ZLata
means that which embraces, twines. It also
means a weak plant that goes from the root to

1 Arthasastra, Section 24, p. 138, Shama Shastri’'s Edition, 1932,
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the top of a tree (mulachchagra gatan lata).
By the term lafi@ is meant the whole range of
lianes. (3@ §waad aw—Santi Parva).

The other kind (trailer) is called protanino,
spreading one,—that which spreads on the
ground. This includes both the procumbent and
the decumbent.

8. Stem :—The stem may be plain or jointed
(sata parva). KEach joint or node is called a
parva or granthi. TLeaves spring from the
joint (@¥ T @wrRIAI wTwEgAT=Eat:). Plants
may be with stems or stemless. Stemmed
plants are called sakanda, and stemless plants
are distinguished as aprokanda, stambda. Plants
having short or stunted roots and branches are
called kshupa (Fu—FEATET faw:). The pri-
mary branches are called skandasikha, and secon-
dary and tertiary ones are known as prasalkia
(uwmv@T.) ; pratisakha and enusikha (afqwmar and
HANTET,) are also used. ' The branches generally
are known as $sakha, as the plant (sakhina)
spreads by them. DBranchless stems are called
sthanw or Sankw. Apex of the tree, i.e., the
tree-top is called fwR®, agre, sikhara, i.e.,
where one cannot climb, or which cannot be
reached.

Trees, shrubs and herbs used to be distin-
guished by the long or short, hard and strong

1 Vishpupurdna, 3rd part, 4th Chap, §loka 25.
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or less strong and succulent stems. Plants
growing on other plants (g=iuft @|) are known
as pargachha (gt sfa @d). These include
both Parasites and Epiphytes. Parasites are
called wvrikshadani (cztscuta——gﬁrg#ﬁ Faafs ),
that which (guest) eats (rga—sucks food from)
another tree (host). Epiphytes are called
vriksha-ruha  (FRERT—aad Q=fa 3fd), ¢.e., that
which simply lives on another tree without draw-
ing nourishment from the latter. One of the
examples given is Guduchi ('Tinospora cordi-
folin)—it is called chhinnarunha (feaegsT—TE=aTiU
qufa sirga &) — it grows and lives even when
torn.” Another example Vanda Roxburghii
Br., i.e., Orchid (Rasna)is known (Colebrook),
but its habitat is not described. (See infra,
classification). Lower plants such as Mosses
and green Algae are noticed but not described
(such as @A g qatdq—Amara). Saprophy-
tic plants, such as Mush-rooms (plants with no
fruits and flowers), are correctly described with
their habitats, but not separately classified.
Mush-room is thus described :—it is called
Chhatra (®art) ! as its shape is exactly like that
of an umbrella. “It is generally found to
grow on stalks of straw (palala), or is seen vege-
tating on the stems of bamboo (venu) or sugar-
cane, or as sprouting up from beneath the surface

1 Mushroom, Colebrook, p. 125 (Amarkosha),
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of the ground (udbhida), or growing on a heap
of decomposed cowdung (karisha).”*

Underground stems and such roots as Radish
(hypocotyl modified) are called kanda. These
are described as ‘like roots, but not roots,
serve as a means of propagation’ (zra!\aﬁa s @
#=). As examples are mentioned :

0! (Corm), 6 kinds of Potato (Tuber’, Mulaka
(Radish), Gajer (Carrot), Plantain (Rhizome),
Mankachu (Arum-Rhizome), Palandu (Onion-
Bulb) and Maka kanda (Garlic).

4. Leaf :—The leaf is called patra, because
it falls soon, it is also called parpa because of
its green colour. The stalk of the leaf when
present is called J»in/n, and the petiolate lcaf
is called sa-brinta. New leaves are called
pallava, kishalaya, Branches with undeveloped
leaves (pallava) are called vistaro as the plant
spreads by it. It is synonymous with modern
‘bud.” Leaves may be simple when it is called
elia-patra—one-leaved. Compound leaves are
described by the number of leaflets they contain,
e.g., dvi-patra (Bauhinia?), fri-patre (ALigls),
sapta-parpa - (Echites scholaris). Leaves are
also described by their shapes such as aswa-
parpaka (Shorea robusta)—as the leaves resemble
the ear of a horse; mushika-parni (salvinia)—
as the leaves resemble the ear of a mice ;

1 Gufruta, Sutrasthdna, Chap., XLVI,, p. 522, English Trane, K, L,
Vishagratna,
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kisaparni (Achyranthes aspera) monkey-ear-
shaped leaves, and so on.

5. Flower :—The flower is called sumanasa
—that which pleases mind, it is called
pushpa because it opens; it is called prasana
because it is born (from plants). Unopened
flower bud is called Zkalika, koraka, i.e.,
that which produces (fruits, ctc.). Opening
flower bud is called kwtmala, mukula. Full
blown flowers are -called wvikacha, sphutah
(Frwfirdl firet ).

Bunch of flowers, i.e., Inflorescence, is called
stabaka, guchchhaka.

A compound pedicel is called vallari, maiijors ;
Helicoid cyme is called $rikastini (resembling
the trunk of an elephant). The inflorscence of
umbelliferous plants is called chhatra. marFR
wasm: is umbel. Flower stalks (pedicels) are
called prasava-bandhana, i.e., that which binds
flowers and fruits with the mother plant. Shape
of the flowers in some cases is also noticed, e.g.,
papilionaceous flowers are called wvakra pushpa
(Sesbania). Petals are called pushpadala, and
sometimes number of petals are counted such as
satadala, sahasradala. Stamens are known as
kesara ; kifijalka is the hairy part (G@ag =m)
within flowers; pollen grains are called kesrra-
renu (stamen dusts), they are also called
paraga (qUA), as they go fast (gxr) being very
light and carried by air. They are also called
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gaAeg—dust in flowers. Ear or spike of a
corn is called Fkinasham, sasyamaiijari.

6. Fruit:—The fruit is known as phala,
i.e, the result of a previous process. Green
fruits are called s$alatw, dry fruits are called
vana, and fleshy fruits, such as gourd and the
like, are called Lsharaka, jalaka. A legume or
pod is called sami, $imba, and the seeds in it
sami dhanya.'

Classification of fruits :—Was not based on
any scientific principle. Their classification was
rather governed by etymological consideration,
i.e., names used to be given in allusion to trees,
their origin ete., e.g.,

Amra (8) or mango, fruit of mango tree.

Jambu (rﬂq\ ) or black-berry, fruit of Eugenia
jambolana.

Aingud (9gR), fruit of Ingudi (Balanites
Roxburghii).

Plaksha (g1|), fruit of DPlaksha (Ficus
infectoria).

Vainaba (3wa), fruit of PVenr (Bamboo).

Varhate (a1ga), fruit of Prikali (Solanam
indicum).

Naiyagrodha (Ag7q), fruit of Banyan, and
$0 on.

7. Seed:—The seed is called vijam (FrsM),
that out of which something grows. Seeds are

1 Amarakosha, Colebrook’s Edition, p 226.
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enclosed in a vessel called v#jakosha or seed-
vessel. Seed-vessals are sometimes identified
with integuments (seed coats) and sometimes
with pericarp (ovarian wall). The kernel is
called $asya (endosperm) and the cotyledon

is called vijapatram (Frswaw).



SECTION 1V
MORPHOLOGY—INTERNAL OR HISTOLOGY

The Ancients broadly differentiated the stem
into two parts—an outer called the {vach,
valkala (rind, skin); and an inner the wood or
essence—the sara (|W), i.c., that which lasts till
the end of time (=TT f@fa) enclosing the
majja (the pith). The outer part included the
modern bast and the inner part the wooed with
pith as usual. Thus the stem is internally
differentiated into—

(@) an outer rind,

(6) the wood on which the softer parts are
fixed, and

(¢) the pith enclosed within the wood as
marrow by the bone.

A more elaborate attempt is seen in the
Vrihat Aranyaka Upanishad,! where the inner
structure of plants is described after the analogy
of the human anatomy.

Thus:

“The body of the plant is exactly like the
body of man; the hairs of man corresponding
to the leaves of plants and his skin (=H)

! Chap. III, 9th Brghmana, Lotus Library Edition, pp. 1004-5.
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corresponding to the dry exterior bark of the
plants” (231-28-1).

“The flesh of the human body answers to
the sakara (soft tissue next to skin) of plants:
his nerves standing for the linata (fibrous
tissues in sakara as in jute, cte.) of plants, both
being equally strong. Just as the bones of man
lie behind his flesh, so also wood, daru, lies
behind the sakara (and occupying the centre)
of plants and the marrow (pith) is alike in
both”  (236-30-3).

Thus the internal structure of plants is
evidently divided into an outer skin (epidermis
and dry bark) and the inner wood between
which stands a softer tissue (bast) with strong
fibres (bast fibres) corresponding to human flesh
with nerves. The wood cncloses a soft pith.
This division is not altogether fanciful, as it
contains an essential broad truth which has not
been made obsolete by the elaborate scientific
modern researches.

A curious advance in the knowledge of plant
life is displayed in Sankara Misra’s Upaskara
where he notes (Ffgmaww wAwT® 9)—the
growth of organs (or tissues) by natural recu-
peration after wound or laceration.! Also * the
closing up of fracture (in plants) are manifest
means of fruition.”?

1

Upiaskara on Vaiseshika Philosophy—d 2.5.—the Sacred Book of
the Hindus Series, Vol. VI, Panini Office, pp. 159-60.
2 Cf. also Gougl’s Trans., Benares, 1873, pp. 147.148.
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In Gunaratna’s commentary' also we notice
a reference of healing up of wounds in plants.
Thus:

‘gt AR oy fewtfraay -
Qwarfa, qur gawfa g \”?

! Bibliotheca Indica, Now Series, 1151 (1907).



SECTION V
Pranr PaysioLocy

1. Nourishment— General.——Gunaratna in
his commentary on the Saddarsana-samuch-
chaya! very aptly describes the influence of soil
and food upon the vegetable system in producing
health and disease :

“FqEr, TA WAAAWL FADNTEHANSATEE -
WIETWAREREHFH ¢ qa€ig QAT . Yo
TIHECTOREGEH | 41, JO1  AFIAQCHET
fagiwafe wwr  afgem@s, awr  g«wfa-
qawfa \”

“ Just as the human body receives sustenance
through the assimilation of the mother’s milk,
dishes, etc., so also the vegetables assimilate
food according to the nature of the earth (soil),
water, etc.”

“Just as the human system is at ease and
is diseased according as it takes wholesome or
unwholesome food so also plants grow or decay
by assimilation of suitable and unsuitable
food.”

Thus connected with the nourishment of
plants the most important factor is the soil—.

1 Bibliotheca Indica, New Beries, 1151 (1807).
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the principal source of sustenance. It is roughly
divided into wrbbard (W=wrenamr—Ifertile with
every crop), and #ushara' (barren or sterile on
which nothing can grow). The fertile soil being
that which is capable of supplying the plants
with their necessary food materials while the
sterile soil is that which does not possess this
capacity.

2. Absorption, Transport, Transpiration
and Assimilation of food.—Plants draw food
materials from the soil through the help of the
roots which constitute exactly what is mouth to
man, another name for tree being urew:, i.e.,
that which drinks through roots. 1t is common
knowledge that the food materials from the
soil enter plant organism in the shape of liquid
and not solid, and the ancient etymologv °
evidently anticipated the accuracv
modern scientists.

The elaborate process bv

absorb, transport anu '

described in the follo
Mahabharata.?

“Just as water may 1
the lotus petiole applied to
plants (with roots) drink (a;
solution) with the help of ai-

' R % wref fergT: wuwe | w1
p. 701, Bangabasi Bd. 1316 B.S.
% Santi Parva, Obap. 184 p. 855 (Basumat



32 PLANTS AND PLANT-LIFE

The comparison is evidently significant. In
drawing water through the lotus petiole a force
—a sucking force—in the mouth which draws
in, is pre-supposed, as also uninterrupted pas-
sages in the petiole through which the water
is to go up. The one end of the petiole is
dipped in water and the drawing force is applied
to the other. The similie does not stand on all
fours because water stands for the liquid food
materials from the soil, the uninterrupted passa-
ges stand for similar passages in the stem, but
the drawing force is wanting. We clearly
see that food materials are drawn up in the
case of the plant as water is drawn in the case
of the man in whose mouth there is the sucking
force. But we do not see which draws up the
£~- " wmaterials in the case of plants? Rational-

"o one case as in the other there must
" without which the wetion cannot

-wi_“48 Dy pothesis op]

'k'vue knowIedge of thz

.t ;ng f.orce in the leaveg of
® existence of 4 Sucking

. man—

] dajn a knowledge which
- discovery, wag ap accom.

. t the anej

h .
énce transpiratiop force
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(suction force in leaves) is greatly accelerated
by air.

After the food materials in solution are
brought into the leaves the process of assimila-
tion (s?ttﬁ) commences, which is thus well-
described :

“Agni (energy) and air (CO,?) help in the
digestion (assimilation) of the water (watery
food materials) which is absorbed through the
roots of the trees (and conveyed to the leaves).
And it is on account of the assimilation of
this watery solution that the vegetable
kingdom undergoes development and beecc
graceful.”

Thus a thorough’
tion and assimilat’
the depender
_ypon the f
in the a.
mean ‘fire’ .
which plays a v. .,
sustenance of life, bei:.,
processes; and ‘air’ wi
searchers have discoverec
of the carbon in the form
cated as an essential fac
and digestion of fr--
the Indian think
lucky way understo
essential knowledgei.

0
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We have so long hypothetically assumed
the existence of the leaf as the centre of sucking
force, and practically the kitchen where the
food of plants is prepared. What warrants us
in tho assumption ? Besides the full-fledged
development of the scientific knowledge of
nutrition, we have in some of the provincial
proverbs attributed to the mythical Khana, the
depository of the wisdom of ages, a distinct
knowledge of the function of leaves in the
maintenance of plant-life pre-supposed. A
oroverb! runs :

" After vou have planted the plantain trees,

ves, and this will bring
" is fully made
is seen to he

.phasising
,uns®:

., world that paddy

_betel under shade.”
+ o is that during rainy
. available solar energy
will be the production and
e paddy. But, for betel
* the leaves and the
Ve know that the

g Bireg St
Eiciy



PLANT PHYSIOLOGY 35

shade-loving plants have larger leaves, and
even when a sun-plant with narrow leaves is
transferred to a shady place it tends to develop
larger leaves. The cause of the pungency is also
due to the absence of sun-light, and the reason
is that the destructive metabolism cannot reach
its final stage and consequently more acid and
other astringent bye-products are formed. The
other proverb is ' :

‘ The paddy develops day by day owing to
sunshine by day and water by night.”

The modern scientific explanation of the
fact would be that during day time with the
sunshine food is prepared, assimilated and stored
and during night time the growth of the .organ-
ism takes place, and for this a supply of water
is needed. The Ancients broadly knew the
utility of these two factors, although they by
no means seem to be acquainted with the scien-
tific details.

That water besides going up to the leaves
also circulates all over the trees, and this cir-
culation is not due to sun’s rays, ete., is also
noticed by Kanada in his Vaiseshika Philosophy.?
And Sankara Misra in his Upaskara® has tried
more elaborately to answer how water circulates
in trees. Thus :

v fqed (i qics ga, fre e g «ieeg 9

® Kapida. 6-2.7. “guifqginfmuzenifag 1’
* 8. B. H. Vol, VI, p. 177 (Punini Office).
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“ The circulation (of water) in trees is caused
by adrishtam* (destiny).”

Upaskara commenting on the above aphorism
explains :—* Water poured at the roots goes up
in all directions through the interior of a tree.
Neither impulse, nor impact, nor the sun’s rays
prevail there. How then is it caused ? The
action by which waters rise, and cause the
growth of the trec results from conjunction of
destiny with the souls of those in whose souls
pleasure and pain is effected by the growth of
the leaves, stem, fruit, flowers ete., as its non-
coherent cause; from destiny as its efficient
cause, and in water as its co-inherent cause.”

That water rises up in trees is also mentioncd
in the Bhagabatapurana® as one of the funda-
mental properties of plants.

3. Planting.—The Science of planting is a
very ancient science in India, and the origin of
it is lost in obscurity, buf a full-fledged devel-
opment of it is mentioned in the Arthasastra'
where a particular officer is referred to as the

\ Adrishta (lit. unseen) stands for ‘ anknown cause, ”’ or “ nuex.
plained Naturc.” Scal, page 133. (1915),

2 Gough’s Translation, p, 166,

3 3rd Skanda, Chap, X. 20. Srimat Sridhar Swami Krit:
Bhabarthadipika Thika Sametam, Calcutta, 1294 B.S.

“gafaena; aEr sawal AR v 1010y
(FE @a:—AEW G J517)
+ See Sec. 24, p. 138 (Shama Sastri),
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Superintendent of Agriculture who must be
‘ possessed of the knowledge of the science of
agriculture dealing with the plantation of
bushes and trees, or assisted by those who are
trained in such sciences.”

A typically nice description is contained in
the following verses from Brihat-samhita®:

“ Let us first of all talk of the trees that
should be planted in a garden or in the
house itself : Arishta (Melia azadirachta)
Asoka (Saraca indica), Punnaga (Calophyllum
inophyllum), Sirisa (Mimosa sirissa) with
Priyangu  (Aglaia Roxburghiana) should be
planted in the garden or in the house as pre-
eminently conducive to the welfare (wy=mn) of
the house.” 3

Kasyapa adds in addition Champake (Micha-
lia champaca), Udumbara (Ficus glomerata) and
Parijataka (Erythrina indica), and they should
be planted in ‘Zawd FuiEnd u%g\qaﬁg q17.

The following verses from Agnipurana® give
us similar instructions with fuller details:

“It becomes conducive to the welfare of the
house if Plaksha is planted towards the north
of it, Banyan in the east, Mango in the south

and Aswatthe in the west.” 1
“Thorny bushes (miw@®gaT:) towards the
south near the house are also good.” 2

! Vrikshdyurvedddhyaya, Chap. 54, Vol, II, p. 743,
*  Bibliotheca Indica, Vol. IT, 1876, Chap. 281, pp. 42, 43.
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“Arishtasoka, Punnago, Sirisa, Priyaigu,
Asokn, Kadali (Plantain), Jambu (Blackberry),
Vakula (Mimusops) and Dadima (Pomegranate)
are to be planted in the garden adjoining one’s
house.” 7

The following are the essential preliminaries
of plantation :-—

In Brihat-samhita' :

“One should plant the tree after oneself
being pure and after worshipping the tree with
a bath and anointment, and the result will be
that the tree will be graced with luxuariant
growth of leaves.” 8

“Uttara, Rohini, Anuaradha, Chitra, Mriga-
sird, Revati, Mila, Visakha, Tishya, Sravana,
Aswini and the Hasla—these are the stars under
the influence of which a tree when planted will
flourish.” 31

In Agnipurana® there are verses of similar
import. Thus:

“One should take or plant the tree after wor-
shipping the moon and Brahmin, and make sure
to propitiate the five stars—Vayavya, Hasta,
Prajesha, Vaishpava and Mala.” 3& 4

“One should perform the work (of planta-
tion) after worshipping Varuna, Vishnu and
Parjjanya,—the rain God.” 6

! See Chap. 54, Vol, II.
* See Snpra, p. 37
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Next comes the question—whether all parts,
or different parts of a plant are to be planted in
different seasons of a year? Varahamihira in
the Brihat-samhita' directs:

“In the months of Magh and Fulgoon (fafa®)
the trees whose branches and leaves are not
developed (THAMWA AN FATEUA TAI) ;
in the months of Agrakayan and Pous (Fwe)
the plants with just-developed branches (sg-
T@IE) ; in the months of Sravan and Bhadra
(agwra) plants with well-developed branches
(gEraTq ).” Kasyapa is more clear on the above
directions :

“ Plant in Sisir« those trees with un-
developed  branches, in Hewante those with
developed branches according to prescribed
rules (fawytaa:) and those that are provided with
well-developed branches (®§®™mT) during the
rains.”

Methods of plantations by cuttings and
graftings: )

In addition to the ordinary method of pro-
pagation by seeds the methods of propagation
by cuttings aud graftings were known from
time immemorial, so much so, that the plants
to which these methods can be applied are
definitely named.

1 See Supra, p. 37,
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The following verses from Brihat-samhita’
distinctly name the plants and these methods:

“Kanthal (Jack fruit tree), Adsoka, Kadali
(plantain), Jambu, Lakoocha, Didima, Drakshya,
Palibata, Vijapura (Matulanga), Atimuktaka—
these are the plants to be propagated by means
of cutlings besmeared with cowdung (T gaT:
HT@UET MAAA uafuan).” 4 &5

“Better than this method is the method of
propagation by graftings. This can be done
in two ways—the cuttings of one plant is either
inserted on the root of another plant, or on the
stem of another plant (q\ﬁtﬁ%gqarai}ﬁq@(m:
R aa).” 6

“Grafts should be smeared with cowdung.
Tor transplanting (SR AtaT Audfea=:) the
plants should be smeared from root to the top
(m\a@aﬁ'{mﬁ) with ghee (clarified butter),
sesame oil, the honey of the Khudra variety of
the bee of the Ushira (Andropogon laniger or
Andropogon Citrarum), the Pidanga (Embelica
ribes) milk and cowdung.” 7

‘What should be the soil for such plantation ?
The same author says:

“The most suitable ground to plant in is
soft soil that has been sown with Sesamum

1 Brihat-sawhita, Chap, 54, Vol. 11, p. 743.

N.B —All the Slokas are from the same Chapter—54 of the Bri.
hat-samhita,



PT.ANT PHYSIOT.OGY 41

indicum and dug up and trodden with sesame
in flower.” 2.
Kasyapa is more elaborate on the point :

“FHITTHIAT, U1 FEHTART: |

ad are: uwT F=uTn gafawaaifaa: 0

The final direction of planting is :

According to the same author—

“ It is best to plant trees at intervals of 20
cubits, next at 16, and 12 cubits’ interval is the
minimum that can be prescribed. ” 12.

Agnipurana' has the same thing :

“It is best to plant trees at intervals of 20
cubits, an interval of 16 cubits is next, and worst
is the interval of 12 cabits. Closely planted
trees become fruitless (barren).” 8 & 9.

“The trees that are not at first planted after
the Sastric injunctions are destined to be fruit-
less,”

And why this minimum limit ? The answer is
given in Sloka 13 of the same chapter of Brihat-
sambita. Thus:—the roots thereby becoming
mingled together will interfere with each other’s
function and will become ill at work, and fruits
will not be produced (ﬁ:rﬁ'{::[\ﬁw q R qRsHia
qifgar: ).”

After the trees are planted inthe manner
aforesaid “one should water them in the morning

' Agnmipurana, Chapter 281, Slokas 8-9.

6
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and evening in summer, at the end of the day in
winter, and during the rainy season only when
the earth is dried.”!

4. Manuring.—The ancients bhad a pretty
sure knowledge of the fact that the plants derive
their food materials from the soil, and they had
an excellent knowledge of the science of
manuring. This is more elaborately dealt with
in the Book of Agriculture,

The origin of manuring the soil can be traced
as early as to a verse of the Atharva Veda.® The
verse runs:

“ With the straw of the brown, whitish, jointed
barley for thee, with the sesame, stalk of sesame
let the, ete., ete.”

A more elaborate instruction in manuring is
found in the Brihat Samhita® and Agnipurana,*
in each of which a whole chapter is devoted to
the purpose known as Vrikshdyurveda. Thus
in Brihat Sambhita:

“To promote inflorescence and fructification,
a mixture of one adhaka (61 palas) of sesame,
two adhakas (128 palas) of excreta of goats or
sheep, one prastha (16 palas) of barley powder,
one tula (100 palas) of beef, thrown into one

{Bnhat Saminta, Sloka 9, Chap. 51.
1

Aguipurdua, Sloka 7, Chap. 281.
2 A.V.I1I 8.3,
3 Chap, LIV,
* Chap. 281,
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drona (256 palas) of water, and standing over
for 7 nights, should be poured round the roots
of the plant. The measures given are for
one plant. ' This measure is for all kinds
of plants (... 39®&: | FWWAATA T TEYHT
q=gI). 17 & 18.

Agnipurana has almost precisely the same
thing :

“ To increase ths production of flowers aud
fruits one should sprinkle ghee with cold milk,
also a mixture of sesame, excreta of goats and
sheep, barley powder and beef, thrown into water,
and standing over for 7 nights should be poured
round the roots of the plant.” (MwiageHIT
qaT@ fatady, ete.) 11 & 12.

Brihat Sambhita :

“To ensure inflorescence, ete. (FERFTAT) the
seed before being sown should bhe treated as
follows :—The seeds should be taken up in the
palm greased with ghce and thrown into milk ;
on the day following the seeds should be taken
out of the milk with greased fingers and the
mass separated into single seeds. This process
is to be repeated on 10 successive days. Then
the sceds are to be carefully rubbed with cow-
dung, and afterwards steamed in a vessel con-
taining the flesh of hogs or deer. Then the
sceds are to be sown with the flesh, with the

' Translation of these Slokas of the Brihat Samhita are quoted from
D1, teat's Positaive Science of the Hindus.
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fat of the hogs added in a soil previously pre-
pared by being sown with sesame and dug up or
trodden down”—and then to be sprinkled daily
with water mixed with kshire (&) 19 & 20.

“To ensure the growth of Ballaris (i.e.,
sprouting and the growth of luxuriant stems and
foliage),” Varahamihira directs, *the seeds
should be properly soaked in an infusion of
powdered paddy, Masha (Bean), Sesame and
barley mixed with decomposing flesh, and then
steamed with Haridra (turmerie). This process
will succeed even with the Tintidi (Tamarindus
indica). For the Kapiitha (Feronia clephantum)
the seeds should be soaked for about 2 minutes
(literally such length of time as it would take one
to make a hundred rhythmic claps with the palms
( av@wrs; ) in a decoction of eight roots : Asphota
(Jasmine), Amalaki (Phyllanthus embellicus),
Dhaba (Grislea tomentosa), Vasika (Justica gua-
derussa), Vetula (Calamus rotung), Suryyavalli
(Gynandropsis  pentaphyla), Shyama (Echites
frutescens) and Atimukiake (Aganosma caryop-
hyllata) boiled in milk. The seeds then should
be dried in the sun. This process should be
repeated for 30 days. A circular hole should be
dug in the ground, a cubit in diameter, and 2
cubits deep, and this should be filled with the
milky decoction. When the hole dries up it
should be burnt with fire and then pasted over
with ashes mixed with ghee and honey. Three
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inches of soil should now be thrown in, then the
powder of bean, sesame and barley, then again
three inches of soil. Finally washings of fish
should be sprinkled and the mud should be
beaten and reduced to a thick consistency, then
the seed previously prepared should be placed
in the hole under three inches of the soil and fish
washings (with fish) poured. This will lead to
luxuriant ramification and foliage which will
excite wonder.” 21, 22, 23, 24, 25 & 26.

The Agnipurana' adds that the mango is
specially benefited by cold fish washings (ngwi-
Z&A NMaa =i @ ¥919 ). One can see this
process is still resorted to in mauny mango gar-
dens of Bengal.

Agnipurana*® also prescribes pouring of fish-
washing as a general measure for luxuriant
growth of trees (FqwawET g 8% gfadafa mfa=:).

The same idea of pouring fish-washings as a
means of helping development of fruits is con-
veyed in one of the aphorisms of Khana?® which
runs thus: .

“ Gourds flourish under the influence of
fish washings.”

Chakradatta in his Chikitsa-sarmgraha,* un-
der section ar=mTfy-fafd@mr (Treatment of

' Chap. 194, pp. 305 and 306 (Bengah Translation).
* Chap 281.13.
* e Foa Ald Ay, ete.

* Sloka 86, pp 293, 294, cdited by Pyarimohan Sengupta, 129
B.S.
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Rheumatism), gives a long recipe for the pre-
paration of an oil, where it is said that when
a dry barren tree is sprinkled with this oil
(at the root) it becomes full of flowers and
fraits, graceful and strong (.. GaASHATIRET: |
faan: Mugumare wiwa: fawnafa faw).

In the next Sloka ' he gives another recipe
where he says that ¢ if this oil be poured at the
root of a dry tree it will sprout and bear flowers
and fruits.”

“Phus it will be seen that these elaborate
recipes are empirical contrivances for supplying
the plant with the requisite nitrogen compounds,
phosphates, cte., these being potentially contain-
ed iu the mixtures and infusions prescribed.”
(Seal).

As to the rotation of crops—in the.same field
two crops were used to be grown—rice in summer
and pulses in winter. Rotation of crops was
thus known, and “to India Dr. Roxburgh
believes the Western world to be indebted for
this system.,” *

5. Treatment of plants.—The science of the
treatment of plants (Vrikshayurveda) which

! Sloka 87 .
*w3Aa w q@qT gHawW ARIZAL |
fam g=: wQrefa wafe qamfEa: )

* Mra. Spier,Life in Ancient India, Chap. VII, p. 151, London
1856 Cf. also Fragment XI—Fragments of Indika of Megasthenes,
Bonn, 1846,
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does not yet technically exist in the West is
represented by a regular section of the monu-
mental work of Varahamihir ' as well as one in
Agnipurana.? The chapter entitled the * Priksha-
yurveda ” or the science of treatment of plants
in disease denotes elaborate care.

Gunaratna in his commentary® writes—
“ Just as the human body is subject to jaundice,
dropsy, shofa (?), emaciation and defects
(dwarfness) of finger, nose, etc., etc., so also
plants suffer from similar diseases such as
inception of disease, displacement or dislocation
of flower, fruit, leaves, bark.”

“ And just as by the application of the ap-
propriate remedies unnatural growth, deteriora-
tion, wounds, fructures, ete., can be cured, so
also in plants by application of proper drugs as
prescribed in Viikshayurveda.”

Sankara Misra* also in his Upaskara notices
¢ application of drugs’ in plants (Hasiuia).

Varahamihir® gives the following signs of
the diseased condition of plants (vafagww:
qUM /)

“ Cold climate (low temperature), wind
(dryness) and sun (high temperature) are the

' Brihat.sarahita, Chap, 51,

* Agnipwina, Chap, 281,

3 Bibliotheca Indica, New Series, 1151 (1907).
* On Vaiseshika Philosophy, 4-2.5

* Chap. 54, Vol, 1T,
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causes of disease. (When the plant is diseased)
the leaves hecome yellow (etiolated), buds
(wate@i ) do not develop or their growth
arrested, branches become dry and the sap
(rasa) exudes.” 14.
Kasyapa says * those plants that have
yellow leaves (grwe?d; uaq), that are fruitless
and denuded of leaves and these caused by
coldness, excessive heat, too much rain, dry
wind and by the intermingling of roots of
difterent plants are to he known as diseased,
and are to be treated accordingly.”
Treatment.—Remedies are prescribed both
preventive and curative.
As a general prophylactic Varahamihir says:
“As a sort of general prophylactic mud
kneaded with ghee and Vidanga should be ap-
plied to the roots, after which milk diluted with
water should be poured.” 15.
In the Agnipurana remedies are given almost
to the same effect :—* Vidange mixed with
rice, fish and flesh—all these mixed together con-
stitute a remedy invigorating to the plants and
curative of their diseases.” 13.
Turning to curative: A cure is prescribed
for that most incurable of diseases—barrenness.
Varahamihir prescribes—“ As a remedy against
barrenness a hot decoction should be made of
Kulatthn (Dolichos biflorus), Mashe (Phaseolus
mungo var Roxburghii), Mudga (Ph. radiatus),



PLANT PHYSIOLOGY 49

T'ila (Sesamum indicum) and Yava (Barley)
which when cooled should be poured round the
roots.” 16 & 20.

Almost an identical recipe occurs in the
Agnipurana—*‘ Vidange and ghee kneaded with
mud and sprinkled with cold water together
with Kulattha, Masha, Mungo, Yeva and Tila
should be wused in a case of barrenness
(wEaATR).” 10.

6. Respiration.—Respiration in plants in
the modern sense was perhaps unknown to the
ancient Indians. But the injurious effects of
carbon dioxide (a gas given out by the plants
during respiration) seems to be not unknown
to them, a fact which is evident from an injunc-
tion of Manu.! Thus :

“One should not stay (sleep) during night
hours under a tree, nor pass under it.”

7. Movements.—Irritability. The pheno-
mena of the movements of plants, their capacity
for sleep, their sensitiveness to touch (contact),
heat, wind, noise (thunder), etc., were noticed
long ago.

In the Mahabharata, Santiparva,” we get
an account of the sensitiveness of plants to
touch, heat, thunder, ete.

The Buddhist Scholiast Dharmottara in his
Nyayavindu Tika® notices the phenomenon of

' Manusarhhita, IV, 73.

2 Chap. 184.
3 Bibliotheca Indica, Chap. 1I, 23, edited by P. Peterson, 1889,

(
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sleep—contraction of leaves in the night (wm:
@ YaEEI=:) in certain plants (afe w5 @=am).

Udayana in his Kiranavali,' in a chapter
named qﬁrﬂﬁm (Prithivinirapanam), noti-
ces in plants “the phenomena of life, death,
sleep, waking, disease, drugging, transmission of
specific characters by means of ova, movements
towards what is favourable and avoiding what
is unfavourable.” (z& ufafaaa Wmtafean a=-
AR QO AGSTIN- AT A AR qTA-
nfamarrafear | wfesndicay).

Gunaratna in his commentary > enumerates
the following characteristics of plant life :—
Various kinds of movements or actions connect-
ed with sleep, waking, expansion, and contrac-
tion in response to touch, also movements to-
wards a support or prop.

Gunaratna also gives a list of plants that
exhibit the phenomena of Sleep and Waking.
He also notices the sensitiveness totouch of
plants like the Mimosa pudica (aranaﬁt——hence
the name) which show a manifest reaction in
the form of contraction. (Fsngmaatat TwaTfe-
s REEEIRHEC )

He also notices that Nelumbium speciosum
(lotus) opens with the sunrise; Ghoshataki
(Luffa amara or acutangula) and others in the

1 Bibliotheca Indica, New Serics, 1342 (1912), Fasc. III, pp.
238.244.
* Bibliotheca Indica, New Series, 1151 (1907), Sloka 49, p. 157,
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evening and Lily with the rise of moon.
“qiRtai wrafd@mad, SeTEETRyEET 9 e,
FYRR § TR

Sankara MiSra in his Upaskara® also notices
plants as characterised by ‘ approaching the
agreeable and avoiding the disagreeable,” etc.
AT TR TTR-UFARHGTH; T 1

In this connexion we might mention that the
name ‘Saryyamukhi’ (Sunflower) for the
particular plant—a flower which always faces
the rising sun—is significant.

8. Growth.—The stages of growth in plant
life are very briefly but comprehensively noted
by Gunaratna in his commentary. Thus:

(1) Stages of infancy, youth and age. (q14-
FAT-ga-ggar-ufcua:.)

(2) Regular growth—* Just as man experi-
ences the stages of infancy, adolescence, youth
and old age thereby demonstrating full con-
sciousness, so also do trees.” “And just as the
human system undergoes constant growth
through the stages of infancy, adolescence,
youth, cte., likewise a tree undergoes growth
through stages of sprouting, seedling with new
leaves, branching and so forth.” ‘“gamfawoi-
AfrgRee-remrEifcmEaRe: ofafwd a9
{ﬁ l”

The conditions of growth seem to be not
unknown to the ancient Indians. Thus:

' 8. B, H,, Vol. IV, and Gough’s Translation and Edition, 4, 2, 5¢
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(1) Food—The same Commentator mentions
growth or decay by assimilation of suitable or
unsuitable food.

(2) Water—(gs@rats1y, cte.). The neces-
sity of water as a condition of growth (a®) of
plants is emphasized by the mythical prophet-
ess Khana—‘“Light by day and water by
night—these two lead to the growth of strength
to plants.” ‘

(3) Light—as a factor for healthy growth
is also mentioned. Light as a general rule
retards growth, absence of light or shade accele-
rates it. The following aphorism of Khana'
very tersely puts the truth:

“ Ol (Amorphophallus campanulatus) grown
in a shady place, ¢.e., in the absence of direct
sunlight causes irritation in the mouth, but it
is not to be regretted,” for what is lost in qua-
lity is gained in quantity, ¢.e., Ol grows in vol-
ume in shade which is economically the more
important.

“ Betel leaf in shade and paddy in sunlight ” *
also testifies the same truth.

But for healthy growth light is necessary
is clear from the aphorism already quoted under
factor ¢ water.’

9. Age and Death.—The marvellous longe-
vity attained Dby plants is also referred to by

' “ghaty eE pERlY 3¢, fFe oty iz 597
IR A, i §1v7 )
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Gunaratna, in his commentary' to the extent
of a maximum of ten thousand years (THEREI-
QHEATY: ).

He also mentions the causes of death, such
as assimilation of suitable and unsuitable  (3®T-
fagrerifeummt ) food, also disease.

Udayana also notices in his Kiranavali® death,
disease, drugging, etc., in plants, (SFaATTEY-
STATY- VAT, ete.)

So also in Upaskara® (sttasaTw, etc. )

10. Consciousness in Plants.—The pheno-
menon of consciousness in plants was well
known to the ancient Hindus, and throughout
the whole of their literature we find scattered
references unmistakably bearing testimony to
this knowledge. In popular superstition as well
as in profound speculation we meet with this
testimony. The popular notion of Vriksha-
Devata or presiding deities of trees corresponding
to the Dryads of the Greeks is a matter of
common knowledge. Some of the Jatakas
which are systematised popular stories relating
to Buddha, mention the Bodhi-Sattwa born as
Tree-spirit for 33 times. And the grammatical
treatise like Kalapa referrcd to this prevalent

1 Bibliotheca [ndica, New Series, 1151 (1907), pp. 157, 158.
Bibliotheca Indica, New Series, 1342 (1912), Fasc. 1II, pp. 238,
239, etc.
3 Sacred Book of the Hindus Series, Vol, VI, pp. 159.60. (Panini
oftice.) Also A. K. Gough’s translation, Benares, 1873, pp. 147-148,
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popular belief as to the trees being animated by
spirits.

Coming from popular belief to profound
speculation we meet with precisely the same
thing. A verse in the Rigveda'is addressed to
the plants evidently referring to their possession
of the gift of hearing. 'Lhe practice is repeated
both in the Rig and the Atharva® Vedas.

Mahidas Aitareya® includes the herbs and
trees along with animals in the organic world.
According to him plants belong to the last of
the four classes of beings, i.e., propagated from
germs. In his theory of the gradual develop-
ment of the soul he says, “In herbs and trees,
for example, Sap (life) only is seen, but thought
(Chitta) in the widest sense is in the higher
forms of life.”  In another place of his Book
(I. 2. 4. 11) he says, “all forms of life eat and
drink. All lower animals propagate the species.
Even the plants when they are grown up, bear
fruits.”

Uddalaka says that ¢ the living principle is
the potentiality of living bodies—the real seed
of things. It is, for example, that potentiality

v Rigveda, X, 97.21
Atharva Veda, XI,6 10. * In obedience to the thundering
voice of the vital breath (prava) that the plants are fecundated, that
they conceive and multiply.,” Dr. Barua’s History of Pre-Buddhistic
Indian Philosophy, I, p 25, 1921.
3 Aitareya Aranyaka, I, 6. 1. 9.; I 8. I 5.—Barua, LV, pp.
57, 68.
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or vitality in an infinitesimally small seed from
which a large Banyan tree springs into existence.
It is the spirit which animates all the parts of
a living being. When this spirit leaves any
branch of a tree, that withers, ¢.e., ceases to
be an integral part of the living whole, when
it leaves another branch, that too withers. And
when in this way it leaves finally the whole tree
withers and perishes. But the living principle
never dics.”’ .

The Manu Samhita® distinctly states that
the trees are trees on account of their being
under the influence of ‘tamdguna (FRWRT),
but they ¢ possess a sort of dormant orlatent
consciousness, and are capable of pleasure and
pain.”  (wenEWT YawIs gEg @Eafaar).

According to Maskarin Gosala® “the plant
life or vegetable kingdom, like the elemental
life, is possessed of only one sense, the sense of
touch. But Gosila admits that plants in general
stand higher in the scale than elemental lives.”

There is a lengthy, philosophical or rather an
analytical expositioa of the theme of conscious-
ness in plants in the Mahabharata, Santiparva.*

T Chhandogya Upanishad, VI. 12, 1 2  Baraa, ibid, VIII,
pp. 136-137.

2 Manu, 1.49.

3 Barua, 1bid, XXI, p. 308.

¢ Gantiparva, 184th Chapter, p. 835. Kiliprasanna Singha’s

Tranelation, Basamati Edition. /5 7 7/
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“ Brahman,” interrogated Bharadwaj, if
bodies both moving and unmoving, are made up
of five elements, why do we not then perceive
their existence in the immovables? Plants and
creepers, can neither hear, nor see or smell,
taste or touch. Nor are there in them liquids
like blood, the elements of fire (energy), earth
represented by bone and marrow, the element
of air represented by activity, and the sky
(ether) represented by empty space (pore).
How then, can they be regarded as constituted
of five elements ?”

“Brahman,” replied Bhrigu, “ we cannot
indeed perceive the existence of Ether in them
through the naked eye because they are solid
( waRga ), but when we ponder over the fact
how they constantly produce fruits and flowers
this existence becomes manifest to us. How
can we doubt the existence of their gift of touch
seeing that their leaves, bark, fruit and flowers
wither under the influence of heat? We must
infer the gift of hearing in them seeing that
their fruits and flowers dry up under the influ-
ence of wind, fire and the sound of thunder.
Eyeless creatures can never go their way of
themselves, and as creepers approach and wind
round the trees and move at will, we must
admit the existence of sight in them. And as
they can be healed of their diseases by the
application of odour both pleasant and unpleasant
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and also by frankincense of various types,
it is sure that they possess the power of sense.
The organ oftaste in them must be inferred
from the fact that they are capable of drinking
water through the root. As we suck up water
through a lotus stalk applied to the mouth so
do plants with the help of air drink up water
through their roots. Thus as they are found to
be sensitive to pleasure and pain, and as they
are seen to undergo regeneration after muti-
lation, we must admit the existence of /ife in
them. Fire (energy) and air (CO,) help in the
assimilation of the water that unmoving beings
like trees take up (from the soil) through the

roots.”
Udayiana' also notes ‘that plants have a

dormant unmanifested consciousness which is
extremely dull ” (mfar<m:afsaan, ete).

Gunaratna® in his commentary refers distinct-
ly to the consciousness of plants as a point of
similarity between plants and man ( wq; gqu-
g gearg wdam anwfafifa ). He then
claborates his remarks.

Upaskara® commenting on Kanada’s aphor-
ism (4.2.5) refers to plants as being the * ground
of experience of the consequences of acts.”
Thus—*¢ Trees and the like also are no doubt

' Bibliotheca Indica, New Series, 1342 (1912), Fasc. ITI, pp. 238-244,
2 Bibliotheca Indica, New Series, 1151 (1907),
3 8.B.H., Vol.VI, Panini Office,

8
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so many kinds of bodies, being the seat of expe-
rience (i.e., the field wherein particular souls
reap the consequences of their acts in previous
births). For without the characteristic of being
the seat of experience, life, death, sleep,
waking, use of medicine, propagation of the
seed, approaching agreeable, avoiding the dis-
agreeable, etc., would be impossible.”

The Bhagabat Puarana' very definitely
points out the following peculiarities of plants
(fui GraTe AATATE )

(1) their process of taking of food

from below upwards (Sg&Enas:).

(2) dormant consciousness (FHWATAT HAqW-

<Sqa:), and

(3) the possession of the sensation of touch

(wrrera).

“ Chakrapani notes in the Bhanumati that
the consciousness of plants is a sort of stupefied
(darkened or comatose) consciousness (@Eng
Jaaramsfa anarspAwEaa uEivdnfEagar o).

11. Sexuality.—The idea of sexuality in
plants as entertained by the ancients in
India is highly quaint but vague and inaccurate,
being the result not of scientific observation
but of pure poetic speculation from start to
finish. The general idea of the division of the

1 8rd Skanda, 10th Chap., 8lokas 19, 20, p. 30, with Sridhar Swam's
Oommentary, Calcutta, 1294 B.8.
% Dr, Seal, Positive Science, p. 176.
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plant kingdom into male and female based ou
human analogy was formed. Thus Harita
Samhita ! records possibly the earliest fanciful
division :—

‘“ Harita asks :

‘Why, O sage, is there no conceptian
without the union ? Or, why are there no flowuys
and fruits produced without the union (of- the

"sexes) ? Why is the same kind of fruiti;spn not
to be perceived in women asin the plar tgp*

Atreya said :
‘ The seed, O son, is produr co
operation of different sexes ar in

and the fixed plants, its qualit
to the sperm (w1g).

“ No two opinions exist
my son, among the fixed p!
ed with §ive and Sak/

! Garirasth8na, Chap. I, p. 344,
Sakabda 1807.

w0 SarE—aqia & o
datae famy g’
7998 F9 W

WAy Iard—ARwrTe aW.
aa yrgaw €
7 fimezfeae
AT §
forgenisfy &
T AYQ.
wHIY %
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the female procreative energies, know this. That
which has static (fag®isfg) property is to
be known as §iva, the male, and that which
has dynamic property (=urfawfa) is to be
known, O the great-souled one, as sak?¢i, the
female. The functions of the male and the
female arise from their combination. The
ma.. 7o flowers, fruits and stones (embryo within)
likewi e are endowed with sukra, the genera-
ting pe -er.”

Chara.a' is more clear, though not at

all me utific than Harita on this point.
Inec he description of properties, etc.,
of V * ‘hena antidysenterica) Charaka
e ‘the Vatsaka which bears

y fruits, and tender (f&:)

e category of males ; and

1and yellow flowers and

ilk and whose colour is
gory of females.

ndu knowledge in this

urther, as we get in

assification of plants

. neuter based on the

as slenderness or

‘engali Edition of D. N.

99 YA, WARUY-

English Translation—

Wy qyEnaq afis’
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stoutness, softness or hardness, length or short-
ness, simplicity or complexity of the character
of the stem and flowers.

The famous lexicon of Amara' represents
observation as going a bit further, but he gives
us the very reverse of scientific truth. He
confounds the pollens of flowers as correspond-
ing to the female menstruum.

Pliny,? the foreign observer, mentions—
“The Indians tell us that in these plants (Indian
Reeds—perhaps Palmyra or Date-palm is
meant) also the distinction of male and female
obtains, the body of the male being more compact,
and that of the female of greater amplitude.”

Curiously enough in one case® we get the
differentiation of sexes in plants based on actual
observation. This is the instance of Kefaki
(Pandanus odoratissimus). This plant is always
mentioned as a couple (&g®teaq); the
male one being designated as Sitakefak? and the
female one as Svarpaketaki. That the former
is a male is emphasised by the author of Bhaba-
prakas by calling it Kefaka ( §5a: ). Rajani-
ghaptu describes Sitaketaki (male) as Biphala—
not producing fruits ; Dhulipushpikd—having
flowers with dusts, i.e., with only pollen grains
(microspores). Dhanvantari Nighantu has

! Vanaushadhi Varga. 50. wiut gHwgt 99 wEd 9|
® McCrindle, Ancient India, 8ec, V, 1901.

Vanaushadhi Darpapa, Vol.I, pp. 222.223, Calcutta, 1908,
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lescribed Svarpaketaki (female) as Kanaka-
vrasava—yielding a golden harvest, Sugandhini
(sweet-scented), etc.

12. Reproduction.—Various methods of
propagation of plants such as by fruits and seeds
vijaraha), by roots (malaja), by cuttings
skandhaju), by graftings (w=may Qg@wr), by
wravija (apical portions), by parnayoni (leaves)
nd  saunarudhaja (?) are mentioned in ancient
reatises.

Propagation by seeds (Vijariika) is a very
common method which has been known to the
Iindus from the very earliest times. The
Rigveda refers to it, the Atharva Veda mentions
t in various places. Manu' has also mentioned
t.—¢ Some of these plants grow from seeds and
ome from planted cuttings.”

Propagation by bulbous roots and under-
rround stems (Kandavijam) has been an equally
ommon method. A distinct mention of the
nethod is found in the Arthasastra® where the
ollowing rule is laid down:—*Seeds of bulbous
oots (Kandavija) with honey and clarified
utter are to be smeared with beforce planting.”

Cutting (Skandhaovijam) is another method
esorted to for the purpose of propagation.
fanu' mentions it. The process is very
rell  described in the Arthasastra® and

' Manu, I, 46, 48,
2 Arthaséstra, Chap, 24, p. 141, Shama Sastri’s English Translation
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Brihat-sarhita' of Varahamihir. The former
prescribes that the ‘seeds of sugarcane and the
like are (to be) plastered at the cut end with the
mixture of honey, clarified butter, the fat of
hogs, and cow dung” before being planted.
Brihat-samhita enjoins that Kanthal (Jack
fruit), 4soka (Saraca indica), Kadali (Plantain),
Jambu (Blackberry), Lalkucha (Artocarpus lacoo-
cha), Dadima (Pomegranate), Draksha (Vine),
Palibata, Vijapura (Lemon tree) and Atimulitala
—all these are to be planted by means of
cuttings (@@ Qwr; ). The cuttings are to be
besmeared with cowdung and then planted.
4 & 5.
Maskarin Gosala® mentions ‘“sugarcane,
bamboo, reeds, ete., propagate from joints.”
Better (ux) than cuttings is the process of
grafting as recommended by the author of Bri-
hat-samhita. There are two methods:—one con-
sisting in inserting the cutting from one plant
into the root of another severed from its trunk.
And the second method consists in inserting the
cutting of one tree into the stem of another—
the cutting is called the scion and the parent
plant is called the stock. 5.
Another method is mentioned as Agravija,
i.e., plants whose apices are only planted as a
means of propagation—Betel is propagated in

! Brihat-samhits, Chap. 54, Vol. II, p. 748.
* Barua, XXI, p, 306.
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this way. This may also mean propagation from
‘“buddings ” (see below).

Then there is the method known as Parna-
yoni, i.e., leaves serving as a means of multipli-
cation. The present common example of this
method of propagation is found in Bryophyllum
calycinum and in Begonias.

Lastly, a method—the method of self-
layering is described by Onesikritos ! thus—*...
there are some large trees from which branches
grow out to the length even of 12 cubits.
These branches then grow downwards, as if
they had been bhent until they touch the
ground. They next penetrate into the soil and
take root like shoots that have been planted.
Then they spring upwards and forms a trunk.”
Pliny ® also mentions this kind of propagation
with regard to the Indian Fig tree.

That these various methods of propagation
of plants were a common knowledge in India
will also appear from a dialogue of the Buddha®
in which the following remarks occur:

“Whereas some recluses and Brahmans,
while living on food provided by the faithful,
continue addicted to the injury of seedlings and
growing plants whether propagated from roots,

! McCrindle, Ancient India, Sec. 21 (1901).

2 Book XI1I. C. (11).

3 Dialogues of the Buddha, Part I,—Brahma Jala Sutta 11,
Sacred Books of the Buddhists Series, Vol. II, pp. 6, 7 (Rhys Davids).
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or cuttings or joints or buddings or seeds—
Gotama the recluse holds aloof from such
injury to seedlings and growing plants.”
Buddha Ghosha' in his comment upon the
passage gives us illustrations of the methods of
propagation men tioned above. Thus: '
Mula-bijam (root-seeds)—Haliddim (Tur-
meric), Singiveram (Zingiber),
Vacan (Acorus calamus), A¢i-
visam (Aconitum heterophyl-
lam), Katukarohini (Picror-
rhiza kurroa), Usiram (Andro-
pogon muricatus), etc.
Khanda-bijam (cuttings)—Adssattho (Ficus re-
ligiosa), Kacchako (Cedrela
toona), Nigrodha (Ficus benga-
lensis), Pilakkho (Ficus infec-
toria), Udumbaro (F. glomerata),
Kapitthano (Feronia elephant-
um), ete.
Phalu-bijam (joints)—as in Reed.
Agba-bijam (buddings)—the plant Samirana,
Ajjukam (Ocimum basilicum),
Hiriveram (Andropogon cynan-
thus), ete.
Bija-bijam—(seeds)—Pubbannam (7 dhanyas
—paddy), Apparanram (Pulses,
Cucurbita, etc.).

"1 The Sumahgala-Vilssini—Buddha Ghosha's commentary on the
‘Dighanikéya. Edited by Rhys Davids and Carpenter, P.T.8,, Part 1,
p.8L D.L. 111,

9



SECIION VI

EcorLocy: oR STUDY OF PLANTS IN THEIR
Na1vrar HoMmes.

Charaka' divides land into different regions
according to the nature of the soil (edaphic con-
ditions) and climate (climatic conditions) that
determine the characteristic vegetation, and also
mentions some of the plants characteristic of
each region. Thus he divides land into :

(1) Jangala region—(literally, dry wilder-
ness-deserts ; plants— Xerophytes).

(2) Anupa region (literally, abounding in
water; plants—aquatic (Hydrophytes) and
marshy (Hygrophytes).

(3) Sadharana region— (ordinary; plants—
Mesophytes). ' .

1. Jangala region.—*The region called Jan-
gala is full of unobstructed open spaces, where
a steady and dry wind blows, pervaded with
expansive mirages ; rivers and rivulets scarce,
abounding in well (scarcity of water) alsoabound-
ing with dry and rough sands and big sandy
particles (kankurs).”' 6 &1.

1 Charaka, Kalpasthdna J. Madanaphala Kalpa, 6, 7 and §
(verses). For English Translation, see Faso. LXI, Kalpasthdna, Lesson
1, pp. 1917,1918 (English Translation),
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Susruta® describes this region as: ‘‘the
country which presents a flat surface, and whose
dull monotony is enlivened here and there by
scanty growths of thorny shrubs, and tops of a
few isolated hills and knolls, and in which the
waters from springs and wells, accumulated
during the rains, become nearly drained, and
strong gales of warm wind blow (during the
greater part of the year).” 35.

According to Charala the following ave the
plants that grow in this region: Khadira
(Acacia catechu), 4sana (Pentaptera tomentosa),
Asvakarna (a variety of Shorea robusta), Dhave
(Conocarpus latifolia), T'inishe (Dalbergia oojei-
nensis), Sallaki (Boswellia serrata), Sale (Shorea
robusta), Somavalla (Acacia arabica), Padari
(Zizyphus jujuba), Tinduka (Diospyros glutinosa),
Aéwattha (Ficus religiosa), Vale (F. bengalensis)
and Amlaki (Phyllanthus emblica). The pre-
dominant types of trees are : Sami (Mimcsa
sumo), Arjuna (Pentaptera arjuna) and Siméapa
(Dalbergia sisoo)—these are all xerophytic.

6& 7.

2. Anupa region.—(Marshy or swampy and
watery.)

Swampy—*‘ mostly abounding in rivers and
bordered by seas, swept by cold wind, ie,
charged with abundant moisture. The country

! Sitrasthans, Chap. 35, verses 34-42, For English Translation,
see Vol. IT, pp. 325.26.
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is interspersed with rivers, baunks of which are
decked with—Vaiijula (Calamus rotung) and
Vanira (Calamus Roxburghii of the aquatic
variety). Mountains are absent from this region.
The region is thickly overgrown with forests,
bowers and trees in flowers encircled by verdant
trees and tender creepers.

The land is covered with dense forests of
Hintile (Phonix paludesa®, 7ala (Borasus flabel-
liformis), 7Tamala (Cinnamomum tamala), Nari-
kela (Cocos nucifera) and Kadali (Musa sapien-
tum).— Charaka. 8.

Suéruta describes this region as the country
“that contains a large rumber of pools, and is
wooded and undulated with chains of lofty hills
traversing its area, and which is impassable
owing to its networks of rivers and sheets of
aeccumulated rain water rippling before the cur-
rents of the gentle, humid air.” 34.

Varahamihir' mentions the following trees as
growing in Adwapa region :—Jambu (Eugenia
jambolana), Vetasa (Calamus rotung), Vanire:
(Calamus sp.), Kadam'a (Anthocephalus cadam-
ba), Udumb.ra (Ficus glomerata), Arjunc (Ter-
minalia arjuna), Vijapurake (Citrus medica),
Drakéha (Vines), Lakucha (Artocarpus lakoocha),
Dgdime (Pomegranate), Vaiijula (Calamus sp.),
Naktamala (Caesalpinia bonducella), Tilaka
(Sesame), Panasa (Jack fruit), T%imira (?),

t  Chap. 54, Vol. II, p. 745.
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Amritaka (Spondias mangifera),—these ‘16
kinds of trees are the predominant species of
this region.” 10 & 11.
Aquatic plants (Hydrophytes)—

Amara' mentions the following plants as
growing exclusively in water :— ‘

Saugandhika, Kalhara ... White water-lily.
Iallaka, Roktasandhyaka  Red variety.
Utpala, Kubalaya ... Any other water-lily.
Indivara ... A blue one. t
Kumuda ... Nymphaa lotus
(esculent white sort)-
Padma, Kamala ... Nelumbium specio-
sum (lotus).
Pundarika, Sitambhoja ... A white lotus.
Kokanada, Raktotpala .. A red lotus.
Variparni ... Pistia stratiotes.
Mushakarni ... Azolla, Salvinia.
Jalanili, Saivila ... Vallisparia, and the

green algae.

3. Sadharana—or the ordinary.— Charaka
says— That region which is endued with
creepers, and plants and trees of both the
classes, i.e., the Vanuspati and Vanaspatya, is
called Sadharane. 9.

According to Suérute a country which
exhibited features common to both the aforesaid
classes is called Sadharana or ordinary.” 36.

1 Amarakosha, Patdlavarga 50-56. Cf. Colebraoke’s Edition (1807).
Book I, Chap 2. Scction 3, Aquatic Plants, 36-42,
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In the Swaryarurga of Amarakosha ihe
following trees— Mandara, Parijataka, Santdna,
Kalpavriksha and Harichandana are mentioned
as five celestial ones ; and they seem to be alpine
(mountainous) trees, as according to Hindu
mythology Heaven or the abode of gods, is
situated at the top of the Himalayas.

Plant Association.—In some places plants of
a particular species predominate over others,
and the place is given the name of the species
domrinating there to the exclusion of others.
Such as ':

Kumudrati, Kumudini—the place where
white water-lilies predominate ; place abounding
in lotus is called Padmini, Nalini; where reeds
abound it is called Nadvat,Nadrala; one abound-
ing in ratans is called Vetaswan, in green
grasses Sadvala (TTER:).

Even rivers abounding in particular species
are known by the species dominating—such as
Suravati abounding in $ura (reeds) and Vetravati
abounding in Vetra (ratans).

The names Kusadwipa, Plakshadwipa, Salmali-
dwipa, etc., for the different islands in the Pura-
nas, may be indicative of places where these
particular plants—Kué« (Poa cynosuroides),
Plakska (Ficus infectoria), Salmali (Bombax
malabaricum), ete,, predominated.

' Awmars, Pitala and Bham Vargas (9 and 10).



SECTION VII
TaxoNOMY

1. Nomenclature.—The naming of plants
constitutes a highly interesting topie, full of
historical and cultural significance, showing
us at once a good deal of the accurate know-
ledge of the geography of India, and throwing
an interesting sidelight upon the brisk inter-
course among the different parts of India,
and giving us unmistakable proofs of the power
of scientific observation.

In the second volume' of his * Botanical
Observation on Select Indian Plants ” Sir William
Jones, the President-Founder of the Asiatic
Society, Bengal, writes—

“I am very solicitous to give Indian plants
their true Indian appellations, because I am
fully persuaded that Linnaeus himself would
have adopted them had he known the learned
and ancient language of this country, ete.”

The plants? have been named according to—
A. Special association:

(?) Bodhi-druma (Ficus religiosa)—so call-

ed after Buddha’s attaining nirvapa
under it.

' A Review, XXXIIIL
2 Only a few examples under each are given as illustration,
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(¢¢) Adsoka (Saraca indica)—so called after
legendary association with Asoka
forest in which Sita, that pink of
chastity, was confined.

(#i3) Sivasekhara (Datura)—as the fower
is associated with Siva, the Indian
god of destruction.

(iv) Yagiadumura (F. glomerata)—associ-
ated with sacrifice—FHoma.

B. Special property:
(a) Medicinal :

(¢) Dadrughna (Cassia fistula)—that which
cures ring-worm.

(i) Arsoghne (Amorphophallus campanu-
latus)—that which destroys piles.

(¢is) Sothaghna (Boerhavia repens)—that
which destroys dropsy—cedema.

(iv) Abyatha (Myrobalan haritaki}—that
which takes away pain.

(v) Kusthanasini (Somaraji)—that which
cures leprosy (skin disease).

(vi) Lodhra (Symphlocos racemosa)—that
which stops ocular discharge.

(6) Domestic utility :
(¢) Vanira (Cane)—it is desired for mak-
ing houses.
(#) Dantadhabana (Acacia catechu)—re-
quired for cleansing the teeth,
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(¢¢¢) - Karpasa (Cotton)—that out of which
clothes are weaved.

(iv)  Dhanudrume (Bambusa)—that out of
which bows are made.

(¢) Lekhana (Reed)—from which lelhani
(pens) are made.

(vi) Agnimantha—(Premna spinosa or serra-
tifolia)—gathered for kindling fire.

C. Special characteristic features:

(¢) Phenila (Soap berry)—its seceds give
lather or foam with water.

(i) Bahapada (Ficus bengalensis)—many
legged—with prop or pendent roots
serving as so many legs.

(¢4ii)  Sitisare (Diospiros sp.—a sort of
ebony)—Dblack is its wood.

(tv) .[tmagupta  (Dolichos pruriens)—self-
protected fruits having been pro-
vided with spiny hairs, also highly
poisonous.

(v) Charmin  (Bhojapatra)—with  wide
charma (bark).

D. Special morphological features:

(¢) According to the number of leaflets in
the compound leaf :
(i) Dwipatra (Bauhinia)—evidently wrong.
(%) Tripatra (Wood apple)—with three
leaflets.
10
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(éti) Saptaparna (Echites scholaris)—with
seven leaflets.
(b) Nature or shape of leaf :

(¢) Dirghapatrake (Cane-ratan)—with very
long leaves.

() Ktsaparni (Achyranthes sp.)—leaves
having the shape of the ear of a
monkey.

(tti) Maugikaparni (Salvinia)—whose leaves
resemble the shape of the ear of a mice,

(iv) Asvaparnaka (a variety of Shorea
robusta)—leaves resemble thc shape
of the ear of a horse.

(v) Pdaiichangula (Ricinus)—with palmate

and five-ribbed leaves.

(vi) Kuantakapatrika (Brinjal) — having

prickly leaves.
(e) Shape and colour of flowers :
(i) Valkrapuspa (Sesbania grandiflora )—
with papilionaceous flowers.
(i) Hemapuspe (Michelia champaca)—
flowers having the colour of gold.
(d) Miscellaneous :
(¢) Satamuls (Asparagus)—with hun-
dred roots (many).
(it) Sataparvikd (Grasses)—hundred
(many) joints (parva) in its stem.
(#¢) Twaksara (Bamboo)—with hard
(woody) skin,
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(iv) Drumotpala (Pterospermum aceri-
folium)—Ilotus-like flowers on
wood.

(v) Apuspaphalada (Jack-fruit)—fruit
without (apparent) flowers.

E. Local association:

(3) Saubire (Zizyphus jujube)— indi-
genous of Saubir (Sourashtra).

(¢4) Champeya—(Michelia sp.)—indigen-
ous of Champa—Bhagalpur.

(¢ée) Magadhi (Jasmine or Piper lon-
gum)—indigenous of Magadha—
North Behar.

(iv) Odrapuspa (China rose)—indigen-
ous of Odra—Orissa or China ?

(v) Faidehi (Pepper)—indigenous of
Videha—Mithila—North Behar.

(vi) Dravidaka (Pita sSathi)—indigen-
ous of Dravid—the Deccan.

F. Environmental association:

(¢) Nadisarjja (Arjun—Terminalia
arjuna)—grows on the banks of
rivers.

(i2) Jalaja (Hijal—Barringtonia acutan-
gula)—grows in water.

(it2) Vanaprastha (Bassia latifolia)—
grows in woodlands.

(iv) Pankeruha (Lotus)—grows in mud.

(v) Maruvake (Ocimum sp.)--grows in
deserts.
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(vi) Hemavati (Myrobalan)—grows on
cold mountain.

(vi¢) Kutaja (Holarrhena antidysente-
rica)—grows on mountain peaks.

('. Other characteristics:

(¢) Fukula (Mimusops)—often cited by
poets.

(23) Séitabhiru (Jasmine)—dies in (afraid
of) winter.

(iii) Maghya (Kunda)—Aflowers in Magha
(February).

(iv) Saradi (Jussieun repens or white
lotus)—flowers during Autumn
(Sarat).

(v) Tishyaphala (Phyllanthus) — fruits
in Pous (December-January).

(vi) Bhutabase (Bayeda)--ghosts haunt

these plants.

It may be noticed that the Hindu nomencla-
ture of plants went further in this direction,
being not satisfied with giving them deno-
minations after particular features. 1t gave
most of the plants double names—one based on
a salient external feature (uft=asnifumt dwm),
and the other on some prominent medicinal or
other properties (uaatfwawt @wr). Thus:

1. The plant Sesbania grandiflora is known as
Vakrapushpa (curved flowers), i.e, with
papilionaceous flowers, and also Pranari



3.

[

6.
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(the foe of boil) on account of its preven-
tive property against that malady.

. Ricinus communis is known as Chkitravija

(having painted seeds), Triputiphala (with
trilobed fruits), and also V'atar? (the enemy
of rheumatism).

Balanites Roxburghii is known as Tikshra-
kantaka (having sharp thorns), Tailaphala
(having oily seeds), and also Saliri (des-
troyer of pains).

. Achyranthes aspera is known as Xkhara-

maipjari (having long and rough spikes),
and Kiniki (killer of itches, boils, etc.).

Linum usitatissimum is known as Nila-
pushpika (blue-flowered), and Pickchhila
(having slippery, i.e. mucilaginous seeds).

Calotropis gigantia is known as Nshire-
landalka (having stems with milk), T'ala-
phala (having wooly fruits), and Kharjja-
ghna (ringworm-killer).

Cassia fistula is known as Swarnapushpa
(with golden flowers), Dirghaphala (long
fruits—lomentum), and Kushthasudana
(curer of leprosy).

Datura alba is known as Kantaphala (having
spiny fruits), Ghantapushpa (having bell-
shaped flowers), and Mahiamohi (great
intoxicator).

Indigofera tinctoria is known as Nilapushp?
(blue-flowered), and Raftjani (dyer).
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10." Butea frondosa is known as Triparpa (tri-
foliate), and Kskira-sreshtha (chief of al-
kalies).

11. Acaciaarabica is knownas Yugmakanta (with
two spines), Mailaphala (having beaded
fruits) and Kaephantaka (ender of cough).
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2. OClassification of Plants.—The Hindu
classification of plants was based upon three
distinct principles, namely :

A. UbpBHIDA—BOTANICAL,
B. VIRECHANADI—MEDICINAL,
C. ANNaPANADI—DIETIC.

A. Classification on Botanical Prmclples.
—A broad classification of plants, probably
based on stature, into Trees, Shrubs, Herbs and
Creepers is to be found as early as in the texts
of the Rigveda.! Plants were further classified
into those that bore fruits and flowers and those
that did not.

Manw’s classification® of plants is distinotly
clear. According to him :

(1) Those that bear abundant flowers and
fruits, and wither after fructification are called
Oshadhis, e.g., Rice and Wheat (annuals).

(2) Those that bear fruits without evident
flowers are called Panaspatis.

(3) Both those which produce flowers only
and those which produce fruits only may be
classed as Vrikshas.

(4) Bushy herbs of various types may be
olassed as Guchchha, e.g., Jasminum (Mallikg
and the like).

' Rigveda X, 97, 15.
? Manu-samhita I, 46, 47, 48
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(6) Succulent shrubs of various types are
known as Gulmas.

(6) Grasses of different kinds are called
Trinas.

(7) Creepers with stems spreading on the
ground (procumbent and decumbent) are called
Pratinas.

(8) Lastly there are those which twine
round or climb a tree or a support called
Vallis.

Charaka' classifies plants into four orders:

Vanaspatis, Virudhs, Vinaspatyas and Osha-
dhis.

(1) Vanaspatis—are trees that bear fruits
without flowers.

(2) Vanaspatyas—are trees that bear first
flowers and then fruits.

(3) Oshadhis—are those herbs that wither
after fructification.

(4) Virudhs—are herbs with spreading stem,
e.g., creepers and gulmas. (@argewIfe: ).

Chakrapani, as Dr. Seal points out, notes in
his Commentary on Charaka—Virudhs com-
prise two classes. (1) Latfas—creepers, and (2)
Gulmas—herbs with succulent or cactaceous
stems and shrubs. The Oskadhis are subdivided
into (1) annuals or perennials, bearing fruit, and
(2) plants that wither away after maturing and

! Sitrasthana 1, 36, 37.
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without fructification, e.g., grasses like the Darva
(Cynodon dactylon).

- Suéruta® lays down almost an identical classi-
fication of plants. Thus ““the immobile Oskadhis
(plants in general) in their turn admit of heing
grouped under four sub-heads, such as the
Vanaspatis, the Vrikshas, the Virudhs and the
Oshadlis proper.

““Those trees which bear fruit without blos-
soming are called Vanaspatis; those that bear
both fruits and flowers are ca