CONTRIBUTIONS TO THE PHYSIOLOGY OF SANDAL
(SANTALUM ALBUM, LINN)

PART L. Nature and extent of parasitism.
By Y. V. Sreenivasa Rao.

~ Sandal belongs to the Natural Order Santalaceae, which com-
prises an entire class of root parasites and of which about two hundred
species are known to occur widely distributed all over the world, in
the temperate as well as tropical forests. Of these, sandal is practi-

cally the only economic species, the aggregate annual revenue received
from it amounting to several lakhs of rupees.

That sandal is a root parasite was first recognised by Scott in the
year 1871, but the practical significance of this fundamental fact is
still not adequately appreciated. Fuel exploitation is allowed in sandal-
bearing areas which results in gradual depletion of the host plants of
the parasitic sandal. Afforestation of sandal areas with suitable species
of hosts 1s essential for successful sylviculture of sandal. '

Rama Rao (Indian Forest Record 1910, 2, Part V, 159) gives
a list of some 140 species of plants which he found to have been
haustorised by sandal. The fact that sandal has made its haustorial
connection with a particular species is not, however, a criterion for the
latter being a suitable host plant. The extensive pot culture trials
carried out by Sreenivasaya at the nursery of the Indian Institute of
Science have, in fact, established that there is great variation in the
““host value’’ of various species of plants. Thus, whereas legumi-
nous hosts generally nourish the sandal to rapid and luxurious growth,
plants of the phyllanthus species make bad hosts. It is not possible
to raise sandal with Phyllanthus embellica though a haustorial connec-
tion may, with some difficulty, be established between the host and the

parasite.

An exhaustive study of the haustorium was conducted by Barber
(Indian Forester, 1904, 30, 545 ; ibid., 1905, 31, 189 ; Mem. Dept.
Agric. India, Bot. Ser., Vol. I, No. I, Parts 1 and 2) who also
investigated the conditions for its formation by sandal. In view of the
economic importance of the plant and the serious nature of the spike
disease, a closer knowledge of the physiology of sandal is necessary.
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The present communication deals with two aspects of the problem :—
(1) the extent to which sandal is dependent on its host in regard
to its mineral nutrients and (2) the physico-chemical relationship exist-

ing between the host and the parasite.

EXPERIMENTAL.

Material.—Sandal seedlings numbering one hundred, were trans-
planted into pots made up with equal quantities of manure and soil.
Into one set of pots, Acacia farnesiana was introduced as the host,
while an equal number (50) were left as controls without any host

plant.

[t was observed that the seedlings in association with the host soon
developed a healthy, green flush and put on rapid growth as contrasted
with controls which made no appreciable progress and the leaves of
which turned to an unhealthy pale yellow (vide photograph).

Six months after transplanting, when the difference between the
plants with and without hosts became quite manifest, they were care-
fully removed from the pots, washed free from mud and adhering dirt
and divided into three portions, leaves, stems and roots. The speci-
mens were dried over calcium chloride in a vacuum desiccator. They
were then powdered to pass a 40-mesh sieve and preserved in bottles
for analysis.

Methods.—Total nitrogen was estimated according to the method
of Kjeldahl as modified by Gunning to include nitrates. Total ash,
phosphoric acid, potash, calcium, 1ron and alumina were estimated
according to the standard methods of A.O.A.C. (1925). The results
have been presented in Table I in which two independent sets of obser-
vations showing the possible range of values have been given.

It may be seen from the above that the different parts of sandal
nourished by hosts were consistently richer in nitrogen, phosphorus
and potash than the corresponding portions of plants without hosts.
On the other hand, the latter contained more ash, iron, alumina and
calctum than those associated with hosts. The above differences were
most prominent in the case of leaves.

Other conditions being alike for the two sets of plants, it may he
inferred from the above that better development of sandal raised 1N
association with the host is due to the nutrition supplied by the latter,
particularly nitrogen, phosphorus and potash. On the other hand,
the values obtained for iron, alumina and calcium would point to
those constituents being taken directly from the soil : the lower per-
centages observed in the case of plants with hosts may be largely






TABLE 1

PERCENTAGES ON MOISTURE-FREE MATERIAL
M

LEAVES L STEMS ROOTS
I 1 [ (I I I

With host Without With Without | With Without With Without With Without With Without

host host host L bost host host host host host host host

Ash 908 ... 13:76 822 14°68 l 340 | 7°22 3-21 7-49 309 586 | 301 6-29

Total N, 422 ... 1:75 2:69 119 | 127 008 1:30 0-88 1-18 096 106 0-99

P,0O, 047 ... 026 0-41 0:32 0:23 | 0-21 0-25 020 | 0-34 0-24 0:'25 0-19
Fe,0, and ~

A1,0, 030 ... 1'69 025 0:70 l 023 | 032 0-30 065 | 042 0:78 0'27 0-98

CaO 1°32 ... 4'15 1'36 4-23 0-82 2'41 0:69 2'64 0:24 036 016 0-31

K, O 349 ... 169 2°43 1'38 F 1'68 0'95 0-94 078 1'81 103 0:93 0°88

______—_———_—-———_——_—_—_—_——__—_——_—_—_——___-_—-—

691
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explained by the fact that those plants had greatly increased in total
weight (made up chiefly of products of photosynthesis) as compared
with the controls which made no appreciable growth.

Physz'co-ckemiml relationship of sa?_zdal and its associated host
plant.—In recent years the physico-chemical study of tissue fluids has
been receiving an increasing amount of attention. Study of the
osmotic concentrations in auto-tropic plants by Dixon and Atkins (Sci.
Proc., Royal Dublin Soc., 1912, 13, 219; 1915, 14, 374 ; 1bid.,
15, 51) helped to throw fresh light on the problem. of the ascent of sap.
Particular attention has been paid by them to the effects of environ-
ment on osmotic préssure and hydrogen-ion concentration. Study of
the tissue fluids has also been extended to plant diseases by various
workers and a considerable amount of work i1s being carried out in

this laboratory by Sreenivasaya and his collaborators (Indian Inst. Sci.,
1928, 11A, 23). |

The exchange of water between the living cell and its environ-
ment depends on the osmotic pressure of the cell. It is this pressure
that regulates the flow of vital fluids from one part of a tree to another
and serves the entire plant with nutrition. The determination of the
osmotic pressure of the host and parasite has thrown considerable
hght on the mechanism of the supply of nutrition from the host to the
parasite (Harris et al, 1914-24). In this laboratory Krishna and
Ranga Rao (unpublished work) have also carried out systematic studies
nl:}n t;'lle physico-chemical changes in the tissue fluids of free and attacked
ac hosts. '

& e &

In view of the imiportdnce of physico-chemical measurements in
determining the relationship between the host and the parasite, some
studies were carried out on the tissue fluids of sandal in association
with different host plants.

Material —The samples were all taken from the nursery attached
to the department.

Various methods have been proposed for the extraction of plant
tissue. fluids, but the observations of Dixon and Atkins (Proc. Roy.
Dublin Soc., 1913, 13, (N.S.) 422), and Gortner and his co-workers,
(Plant World, 1914, 17, 53 ; Biochem. Bulletin, 1916, 5, 139) have
shown that preliminary freezing of the tissues with either liquid air or
solid carbon dioxide render the cell walls permeable so that subsequent
pressing brings out all the available tissue fluid. Since our experience
in thls_. laboratory also pointed to the same conclusion, the tissue fluids
investigated in the present study were obtained by first freezing the
material with liquid air and then pressing it out under conditions which
were standardised for each material. Thus, leaf tissues were pressed
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at done ton per sq. inch for 3 minutes, roots at 1% tons for 5 mins.,
an'f stems at 2 tons for 7 mins. By adhering to this formula fairly
unitorm specimens of sap were obtained for all the experiments.

Sandal plants with hosts were careful]

: ! y pulled out and washed
free from adhering soil. They were then divided into three portions,
stems, leaves and roots as before and the tissue fluids pressed out.
The products thus obtained were centrifuged at 3,000 revolutions per

minute to free them from suspended impurities. The clear sap was
used for subsequent analyses.

Nitrogen and the ash constituents were determined according to
the methods already referred to with the difference that when the quan-
tities of specimens were small, the estimation of nitrogen was carried
out according to the micro-method of Pregl. Osmotic pressure, elec-
trical conductivity and hydrogen-ion concentration were determined
according to the methods described in an earlier communication
(Jour. Indwan Inst. Sci., 1928, 11A, 104-106). The results have been

given in the following tables.

It will be seen from the above that the values for the osmotic
pressure of the tissue fluids from different parts of sandal are invariably
higher than the corresponding quantities for the associated hosts. This
observation is in conformity with those of Lawrence and Harris (4Amer.
Jour. Bot., 1916, 3, 438-455) on the Jamaican Loranthaceae and their
various hosts. On the other hand, the osmotic pressures of the tissue
fluids from different parts of the hosts growing by themselves under
similar conditions (vide Tables I1I and V) are consistently higher than
those of similar plants serving as hosts; in the case of Pongamua
glabra, however, the values are higher than those of the associated
sandal plants themselves. This is a rather striking observation as 1t
would appear to contradict the prevalent opinion that a higher initial
osmotic pressure of the parasite is necessary to cause the flow of the
nutrients from the host. The results do in fact show that the diminution
in the osmotic pressure of the tissue fluids of both Acacia farnesiana and
Pongamia glabra is the result of parasitisation by sandal so that the flow
of sap from the host to sandal would appear to be the result of some
other specific attribute of the latter rather than to its tissue fluid possess-
ing a higher osmotic pressure than that of the host. Further work on
this aspect of the problem s in progress and 1t 1s expected that the
results would lead to findings of fundamental importance in the study

of factors relating to the nature of parasitism in p!ants!.

sion concentration of the tissue fluid from different

d ,
The hydrogen that of the corresponding hosts.

parts of sandal is generally higher than



TABLE 11

Sandal- Acacia combination

EXPRESSED AS GRAMS IN 100 C. C. OF TISSUE FLUID Specific
Percentage Osmotic electrical
of SAap on T : T ; l prestﬂure 1n ConduCtiVity PH
fresh weight ota ota atmos. x 108
g solids Ash nitrogen P,O, CaO K,O
PAR ASITE 1sT SET. Specirnens co!lectgd on 23rd Seplember 1929
Sandal leaves - 32'84 17:76 315 0-37 0-16 048 082 19-66 14,72
v stems 2554 1250 1'25 0°25 0:14 0-11 029 12:66 8,99
” roots 3569 10:48 1-07 015 0-09 008 0-34 10° 37 9,70
HOST
Acacia farnesiana
leaves 41-19 12:38 166 0-31 0-10 021 047 13:75 9,32
Vi stems 21°75 9-89 142 023 011 008 022 1061 9,29
g roots 2941 643 1-22 012 009 | 010 0:29 7°89 9,65
PARASITE 2ND SET. Specimens collected on 120h November 1929
Sandal leaves 3322 2043 319 034 019 059 | 103 1905 13,03 4:95
. stems 19-56 15:02 1'35 021 017 033 049 14-34 8,38 4-90
s roots 24" 58 14-68 1-14 0-19 011 027 0-42 12:54 8,03 535
HOST
Acacia farnesiana
leaves 47-47 11'15 1-50 031 0-11 013 053 12-66 9,72 5:30
' stems 19'68 862 1-43 019 0-11 014 0-50 977 8,99 495
v roots 2807 417 088 012 0:08 012 014 531 8,34 5-55

m
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TABLE 111

Acacta farnesiana alone

M

Percentage EXPRESSED AS GRAMS IN 100 c.c. OF TISSUE FLUID — Specific
of sapon |— - n_:;o : electrical P e
frt.fsh ‘ [ Total iﬂr:;ﬁ;: .condnctivity H
weight | Total solids Ash nitrogen P,0, CaO K.,O x 10
- |
1st SET. Specimens collected on 16th Seplember 1929
Leaves 2760 1507 2:03 039 : 0:12 1 0:27 0'67 18-76 11,05 510
Stems 20°00 894 1-44 029 0'18 0-06 047 12-27 10,40 520
Roots 2130 8-28 1-36 026 0'11 0:'08 0-45 i 12:27 13,10 565
2ND SET. Specimens collected on 315t Oclobey 1929
Leaves 11'06 1-52 034 0'13 0-20 0-66 # 16:36 9,52 505
Stems 884 124 022 0:16 0-07 040 14-44 9,19 4-35
Roots i 7'04 1:03 023 011 008 044 10-11 9,15 54

M

GL1
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TABLE IV
Sandal-Pongamia glabra combination
EXPRESSED AS GRAMS IN 100 C.C. OF TISSUE FLUID —
Percentage - - Osmotic lpet:i_ﬁcl
: of sap on vt Tiotal presutyin caemel?:lt;:?\?ity Pu
resh weight ota ota atmos, <
. solids Ash nitrogen PO, Ca0 K,O x 109
l — e
1ST SET. Specimens collected on 271k November 1929
PARASITE -
Sandal leaves 35:92 18-91 2:42 0038 | 007 0-38 0-76 23-99 12,43 4-96
vy  stems 10°91 1326 1°36 0:22 011 0-08 0-49 13-83 14,55 505
,,  TOOts 20741 12:99 119 017 006 0:10 0-39 12-42 8,75 | 540
HOST
FPongamia glabra |
leaves 14-77 19:58 2-54 0-38 013 036 | 0-89 1664 9,42 5-30
" stems 25'65 15:09 1:91 041 020 019 0-49 13-93 9,62 570
- roots 30:87 932 1-56 0-39 006 007 0-84 953 10,84 555
2ND SEBT. Speciens collecizd on 20Lh January 1930
PARASITE
Sandal leaves 3966 19'70 3-04 0-37 0'09 049 21-16 14,18 518
;s  Stems 1290 12°61 0'84 022 008 | 011 12:72 8,77 H 505
vy  TooOfts 17-13 12226 | 0'88 0:16 006 011 | 10,55 9,40 550
HOST
Pongamia glabra
leaves 2815 9:35 1-15 040 0:09 0'26 17-59 9,68 533
" stems 29-41 10:31 1-49 0'70 011 0:20 10-91 12,46 570
" roots 3243 839 1-57 046 0:06 | 011 9:17 15,10 598

mw
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TABLE V

Pongamia glabrva alone

Specimens collected on rrih February 1930

EXPRESSED AS GRAMS IN 100 C.C. OF TISSUE FLUID

Percentages
of sap on —_—
fresh wei ! t )
resh weight | pita) solids Ash nit:'} ogﬂ.n PO, CaO
I
Leaves 43-93 547 0'89 041 016 008
4
Stems & _— 42'31 873 1:20 0-75 0:22 0'15
Roots 47-82 8'69 1:40 068 008 011

; Specific
grser:l;ut:: electﬁqa! PH
in atmos. COﬂfti%t;wty
2531 11,18 580
19-11 9,67 550
14. 97 ?167 5-80

GLT
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The tissue fluid from the leaf would appear tc‘; be slightly more acid
than that from the roots. The values of specific electrical conductivity

throw no light on the nature of the relation between the host and the
parasite. The conductivity of the sap generally decreases as we pass
from the leaf to the root. A similar observation would also apply to
the total solids, ash, nitrogen, calcium and phosphorus.

In view of the dependence of sandal on its host for the supply
of nitrogen and certain essential mineral constituents, some experiments
were carried out to determine the effect of association of sandal with
various hosts on the chemical composition and hydrogen-ion concen-
tration of its tissue fluid. The results have been presented in the

following table (Table VI).—

TABLE VI

Chemical composition of the tissue fluid of sandal raised

. association with different host plants

IN 100 C.C. OF TISSUE FLUID EXPRESSED AS GRAMS
Host N T g ]
Total Total P

ASh solids | mitrogen P05 Ca0 H
Melia indica | 2:83 1502 0-33 0-09 0-67 56
Lantana camara ... 3-96 13-47 008 008 009 48
Acacia farnesiana 3-15 17°76 0-37 016 0'48 50
Pongamia glabra ... 2-42 18-91 0-38 0-08 038 53

|

Casuarina aguisetifolia 1-03 | 14:81 028 0-05 035 51
Dendvocalamus strictus  ...| 083 12+43 ? 007 | 018 | 56-58

It may be seen from the above that the chemical composition of
the tissue fluid of sandal is largely determined by the nature of the
associated host. Taking nitrogen, for instance, it may be seen that the
plants in association with the leguminous hosts have generally larger
quantities of that element than those parasitising on other hosts. On
the other hand, legumes render sandal susceptible to spike-disease
while several other classes of plants are known to impart resistance.
The significance of nutrition in relation to resistance to disease is an

important aspect of the physiology of sandal and will form the subject
of a later study.

The above observations are also of great importance in relation to
the sylviculture of sandal. The introduction of the right kind of host
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not ogjly enriches the tissue fluid of sandal but also promotes vigorous
grm:ir and in some cases imparts resistance to disease. The pre-
ponderance of comparatively poor hosts or lack of sufficient number

of good hosts impoverishes the tissue fluid, impairs the growth and
renders the plant susceptible to disease.

Buffering capacities of the tissue fluids of sandal and its associated
hosts.—This was determined by titrating the tissue fluids against alkali
and determining the quantities of the latter required for each unit shift
of the hydrogen-ion concentration. The results presented in graphs
I to IV show that the tissue fluid from different parts of sandal has
higher buffering capacity than those from corresponding parts of the
hosts. The different parts of sandal in association with Acacia farne-
siana have higher buffering capacity than those of plants parasitising
on Pongamia glabra. The possible relation of this observation to the
greater susceptibility to spike observed in the case of sandal associated
with Pongamia is under investigation.

SUMMARY.

1. Sandal depends on its host for its requirements of nitrogen,
phosphorus and potash : the other ash constituents including calcium,
iron and alumina would appear to be directly derived from the soil.

2. The tissue fluids from different parts of sandal have consis-
tently higher osmotic pressure than those derived from corresponding
parts of the associated hosts. The higher osmotic pressure observed
in the case of the hosts (particularly Pongamia glabra) when growing
alone would suggest that the lower values obtained in the previous
case are the result of parasitisation by sandal and not a cause as

generally believed.

The hydrogen-ion concentration of sandal is higher than those
of the two hosts which were investigated. The buftering capacity
of the tissue fluid of sandal in association with Acacia farnesiana 1s
slightly higher than that of sandal with Pongamia glabra as host. The
chemical composition of the tissue fluid of sandal is dependent upon
the nature of the host with which it is associated.
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