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CONTRIBUTIONS TO THE STUDY OF SPIKE-DISEASE OF
] SANDAL (SANTALUM ALBUM, LINN.).

Part IV.—Chemical composition of healthy and spiked
Sandal stems.

By D. A..Rama Rao and M. Sreentvasaya.

Sandal stems 0°20 to 050 cm. in diameter derived from diseased
and healthy sandal trees of the same area were dried at 70° and analys-
ed for the main mineral constituents, total nitrogen and starch. The
dried substance was ground to pass through a 30-mesh sieve and pre-
served in stoppered bottles for subsequent analysis. Methods employ-
ed for the estimation of total nitrogen, phosphorus, sulphur, calcium
and potassium were the official methods recommended by the Associa-
tion of Agricultural Chemists (official and tentative methods of the
A.O.A.C., Washington). Starch was estimated after thorough extrac-
tion of the weighed sample in a Soxhlet with go per cent. alcohol for
six hours, by the taka-diastase method (Davis and Daish, /. 4 gric. Sci.,
1914, 6, 152).

From the results tabulated below it will be seen that the diseased
stems have usually a low ash content, a uniformly high nitrogen value
calculated on the moisture-free material, a low calcium and potash
content and a higher percentage of phosphorus, all the three being
calculated on the weight of ash. " The starch content of the diseased
stems is-also higher than that of the healthy stems as already found by
Coleman and his colleagues (Spike-disease of Sandal, 1917, Bulletin
No. 3, Mycological Series, Department of Agriculture, Mysore).

TABLE 1.
Total Ask and Nitrogen Content of Sandal Twigs.

Total ash per cent. Total nitrogen in mgrus. per 100 gms.

Date in 1927

HEALTHY SPIKED HEALTHY SPIKED

UTTARAHALLI AREA

July 15 2:950 2:611 | 5540 8870 *
August 18 2618 3-069 752:0 11570
September1 ... 5214 4645 ° 1279°0 15480

. 15 .. 1960 1°954 645 0 1021:0
Avorsge for the 3186 3070 8075 1153-3
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Total Ash and Nitrogen Content of Twigs.—(continued).

Total ash per cent. Total nitrogen in mgms. per 100 gm.s.
Date in 1927

HEALTHY SPIKED HEALTHY SPIKED

RAGIHALLI AREA

May 5 6-870 4550 1092:0 19600
September 8 2-177 2:050 5660 6420
" 13 2-598 2:348 6650 6660
October 14 2:113 2:304 577:0 635'0
November 23 2:770 2:320 651-0 7245
December 19 2:000 . 2:220 646-2 831-7

Average for the
season 3-088 2:632 695 9095

TABLE IIL

Ask Constituents of Sandal Twigs.

Ca per cent. K,O per cent. P,O, per cent.
Date in 1927

HEALTHY | SPIKED | HEALTHY | SPIKED | HEALTHY | SPIKED

UTTARAHALLI AREA

July 15 31'93 1747 ' 1367 1259 2:00 537
August 18 24:20 1948 2787 41-77 527 2:70
September 1 ... 13:75 821 17-63 17°20 4-43 5.22

w15 ., 21°43 22:82 46°22 2544 8:06 815
A::f‘asfﬁ for tﬁ? 2283 16'99 26°35 24-25 494 5-36

RAGIHALLI AREA

May 5 . 1478 1218 2184 26'52 0-24 2-55
September 8 .. 17-90 23-66 2107 15:00 1-53 194
., 13 .. 1943 30-83 30-27 22:50 2:41 2+61
October 14 1-28 100 27-54 22'68 323 413
November 23 ... 12+00 11:4d 52+35 3362 220 2:65
December 19 ... 1820 1730 54-50 36'50 1°31 167

Average for the .
season 1392 1311 34:60 26°14 1-82 2:50
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The figures indicate that the more important constituents nitrogen,
calcium, phosphorus and potash in the diseased plant are equally
subject to seasonal influences with the healthy plant itself; but the
differences are consistently maintained throughout the season under
experiment. The chart of the phosphate values brings out this point

quite clearly.

A study of the figures in the two tables also shows that the
average value for the season for a particular constituent, differs for
different areas. Taking total nitrogen into consideration, Uttarahalli
samples show a higher nitrogen content than those of Ragihalli. The
ecological factors, more especially the flora associated with sandal,
have a distinct influence in controlling the composition of the parasitic
sandal. Each area has therefore its own definite average value
with regard to every one of its constituents. It would be misleading
therefore to compare the values of one area with those of another.

SUMMARY.

Diseased sandal stems have us'ually a lower ash, calcium and
potash content than the healthy ones, but a definitely higher nitrogen,
phosphorus and starch content in any one area.

The constituents are equally subject to seasonal variations in the
diseased as well as the healthy stems, there being a consistent variation

between them. :

The average value for the season for a particular constituent

varies for different areas.
‘ Department of Bio-Chemistry,

Indian Institute of Science,
Bangalore.

[Accepted, 11-10-28.]
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CONTRIBUTIONS TO THE STUDY OF SPIKE DISEASE
OF SANDAL (SANTALUM ALBUM, LINN.).

Part V.—Transmission of Spike by Budding.

By M. Syreenivasaya and G. Gopalaswami Naidu.

The development of a suitable and
artificial transmission of the disease usua
in the investigation of infectious diseases
have been communicated to healthy stocks
upon the virulence of the virus. In the cas
transmission can be effected through mere pin pricks with an infected
needle, while in other cases a hypodermic injection of the infectious
sap, or a transplantation of the diseased tissue on to the susceptible
region of the healthy stock is necessary to induce the disease. In yet
other cases, an actual grafting or budding of the diseased tissue on to
the healthy stock may be necessary. Coleman has transmitted spike
disease of sandal to healthy stocks through grafting. According to
him an intimate organic connection of the tissues is necessary for the
disease transference to occur. In his Bulletin (Spike Disease of
Sandal, Bulletin No. 3» 1917,-Mycological Series, Department of
Agriculture, Mysore), he does not, howeder, mention the percentage
of success he was able to achieve by his method of grafting nor does
he refer to the behaviour of any controls that may have been run. His
experiments appear therefore to be mainly qualitative in character and
the effect of hosts on the susceptibility of sandals to graft-infection is
not considered. The graft-infections were carried out on stocks
growing under natural, i.e., uncontrolled conditions in the soil.

reproducible technique for
lly forms an important step

of plants. Virus diseases
in various ways depending
e of several mosaic diseases

With regard to budding, however, he says, ‘Butler, in 1904,

following the work of Smith on * Peach Yellows * attempted to pro-
duce the disease by budding.  For this purpose he took buds from
diseased trees and grafted them on to healthy ones. Although
he tried some one hundred and fifty budding experiments, none of the
buds grew, so that the results of the experiments gave no information
of value. In 1914, similar experiments were commenced by us in
Bangalore, but it was soon found that budding was not a suitable
method of grafting for sandal as only one of the buds formed in connec-
tion with the healthy stock and even this one died soon after.’ So far

the disease has not been communicated by an injection of the macera-
tion extract of the diseased tissues.
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Results of experiments on the artificial transmj#

i %

budding are recorded in this paper. : \0\\’(
-a ‘\ \\ l L ‘, ’6
EXPERIMENTAL. N 4 HTAE,“’,,;,Q’Q |

i ds coll;ec €d from
imental stocks were raised from see . '
’If‘l:ieex}i:::gfig;s near Chickballapur. Acacia fameséana, r'm}l)et
mor ?hs oldpwas the host provided to the sandal after a out.&xg
w::):ks’ growth. The plants were grgwnhm fa cast lron( s%(:at Pvlvéte ?)n
i i ter of 82 cms. and a depth of 40 cms. ; .
lTnfleen;ilildclirrg?sted of gqual parts of red-earth, sand and well-rotted

horse manure.

i i th February, 1928
derived from a scion brought on 13th I -
f ml?}l:g Sdiv::;sedeportion of a partially spiked planté in I:Sibg\iﬁ?e
lfa(t)lli area. This plant showed the external symptoms odisa}:; e about the
1 ; The scion was about I cm. In :
mlddlle 'Of Feb’i‘l;irys‘cion ewas first used for a bottle-graft ondafdlftf;rcigé
C:ns.k ggg. in the course of four days con}menced t(f).sen grn the
(Sioc nt buds on both sides of the point of gra tmgl.{ On zoth
Forbmaar one of the buds below the grafting point was tla ein and bud-
d:d r:n t}c,; one of the lower branches of thet expgntr:e(ril::ssstﬁg .wound
i d was not used ,
gSLtlagnTmst;rr?liosfefllgaingoct(l)f u’{‘lﬁe terminal foliage c}>)f ghe branch was
Cll.llt doxgn while the rest of the plant was left undisturbed.

i d burst and measured 1°5

after the operation, the bu
. Er?‘;:;eide}?;.s Subsequently it began to make slow growth. ’Ijhg
gﬁ‘c;vsl/ing fre the dates on which various operations were carrie

out :—

7—~3—-1927
Seed sown I3
Germination occurred ... ot oy
Host given O lomy
Transplanted ey
Py photo raph taken ... - 20—4—1928

o —

gi;g;ﬁoms%f spike observed on stock ... 1—7—1928

althy bud was grafted upon a healthy stock, the

?:c;rfi%?lté okkeﬁl; impl)(’)yed. Th% bud was derived froma hea.lth();
sa;mi brought from the Uttarahalli area which was planted in mixe

p a?h ina got Six days after, the dormant buds began to burst from

(sa::reral poftio-ns of the plant. One of these was used for the budding

experiment.

The stock was a comparatively small one growing in aSSOCiatl.Oré
with an Acacia farnesiana plant in a flower pot. Budding was carrie
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out on 26th April, 1928 and the first photograph taken on 1gth May,
1928.  The period under experiment had the following average values
for temperature and humidity in the greenhouse where all the buddings
were conducted.

£
1928 Temperature, F. . Humidity, per cent.
February 79'6 548
March wes 81'8 44'6
Apl’ll ver 85-0 53-0
May .
June 78'6 660

Peycentage of Success.—In the case of spiked buds about 10 per
cent. succeeded while in the case of healthy specimens the figure was
only 8 per cent. The number of spiked buds grafted was 79 and
healthy buds 75. The dry heat during the early part of the period
under experiment was chiefly responsible for the high mortality of the
buds concerned. There is no doubt that with the advance of the
season, the percentage of success will increase.

Type of Growth.—The growth of a spiked bud is entirely different
from the corresponding growth of a healthy bud. The rate of growth
in the case of spike is much slower than with a healthy bud. Plate V
clearly shows the difference between a spiked bud which has grown
for one hundred and twenty-eight days and a healthy natural bud
allowed to grow for only 10 days.

The healthy leaves are broad and light green, internodes lo
and the healthy shoot does not show z%ny gtendency to brancl:1 gggf,
laterally. ~The growth of the spiked bud on the other hand, is quite
characteristic. 'The leaves are small and deep green ; the internodes
are very shortand the branching is proliferous, imparting a typical
bushy appearance to the entire growth (see Plate V). The spiked
shoot may also be compared with a healthy shoot budded on another
stock (see plate VII). This represents a growth of only 68 days.

TRANSMISSION OF THE INFECTIVE PRINCIPLE TO THE
STOCK.

_ The natural bud on the branch of the stock used for budding,
which had been allowed to grow since 5th June, 1928, ceased growing
after a fortnight. On 1st July the internodal buds began to burst,
though the apical bud did not grow any further. The pale green
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colour of the leaves on the shoot intensified to a dark green during
the course of the week, and on 7th July the characteristic growth of
spiked leaves was first observed, i.e,, one hundred and thirty-one
days after the bud was inserted. During the weeks that have
followed the spike has taken full possession of the shoot (see Plate
VIII) and thus the original suspicion has been fully confirmed. Itis
possible that infection might have been observed at an earlier date if
the normal shoot had been allowed to grow earlier than 5th June.

SUMMARY.

Buds derived from spiked stems can be successfully budded on to
healthy stocks growing in pots under controlled conditions.

This method provides us with a technique by which the trans-
mission of spike can be effected in young sandals 6-9 months old.
Controls can also be run with equal success.

The stock under experiment caught the infection 131 days after
the spiked bud was inserted in the stock.

The susceptibility of sandals growing under different controlled
conditions to bud infection is being investigated.

Our grateful thanks are due to Professor Norris for his helpful
criticisms and the keen interest he has evinced during the course of
the work.

Department of Bio-Chemistry,
Indian Institute of Science,
. Bangalore.
[Accepted, 11-10-28.]
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The experimental stock growing with Acacia farmesiana as host. Observe the
buds, healthy and spiked, enclosed in the marked rectangle and marked A and B, -
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Spiked bud, two months after grafting.
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The spiked bud at a later stage, three weeks later than in Plate 11,
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PLATE V.

ked bud B

A healthy natural bud A after ten days’ growth and the grafted spi
after 128 days growth,
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Control ex;;eriment with a healthy bud. Photographed three weeks after grafting.
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Control experiment. The healthy bud 2} months after grafting.
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Compare Plate V. The pormal bud A has now become infected.
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