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Spike disease in sandal is characterised morphologically by 
a diminution in the size of leaves and by a shortening of the internodes 
of the twigs bearing such leaves. h second distinguishing feature 
of this disease lies in the inability of the affected branches or trees 
to produce flowers and fruits, while even healthy portions of infected 
plants might bear flowers as well as fruits. A chemical examination 
of representative specimens collected from different localities rcvcaled 
a strilcing deficiency in lime in the &eased leaves and twigs cvmbinecl 
with an abnormal accumulation of starch and a significant increase 
in nitrogen content of such specimens (This J., 1928, 11A, 93; 1929, 
12A, 295). These observations were found to be unaffected by 
season, soil ancl such other factors which generally influence the 
composition of healthy plants. In view of the fact that sandal is 
found to prow und'er diverse conditions o f  soil, host associations, etc., 
considerable difficulty has been experienced by investigators when 
sometimes the shape and size of leaves of sandal resenlble those of 
spiked ones. A typical instance of such a plant was first noticed in 
Noganoor, and is dealt with later. In the course of this investigation, 
several enquiries relating to such doubtful cases have been referred to the 
author for detailed examination and report. I t  was therefore neces- 
sary to work out a simple method for identifying the disease 
correctly. 

PNYSlOLOGlCAL INDEX. 

For quite a long time, such suspected specimens were micros- 
copically examined for the excessive presence of starch, as compared 
~ \ i t h  normal ones collected from the same local~ty. It may at 
once be remarked that this procedure is qulte misleading and 
therefore useless, In so far  as the starch content of sandal leaves has 
been found to be irlfluencetl by season, associated host plants, etc., 
and also by the plqsiological state of the plant, such as flowering, 
resting, or vegetative phasrs. Other diagnostic features such as the 



ability to transmit infection by grafting, etc., or the presence of 
X-bodies in spiked leaves as shown by Narasi~llhan (Pl~j~iopat l i . .  
1928, 18, 915) are extremely useful for demonstrative purlmscs, txlt 
these will not serve for immediate identification. 1:urther. they are  
also time consuming, besides being conditioned by many factors. 
Hence an attempt was made to secure more ready and easy methocls 
towards this end. Since the diseased leaves and twigs were fount1 to 
differ in their ash, nitrogen and calcium contents from typicdly 
healthy ones, it was discovered that the ratio Ca/N woulcl serve as 
a more useful index for characterising the infection. A comparative 
idea of this ratio for specimens derived from different localities is 
presented in Table I, for early arid advanced stages of spike. 

The sig-nificance of the ratio Ca/N as an indicator for  the 
presence of infection is established beyond doubt. In  each case, 
a dozen trees were examined in addition to  routine analytica1 estima- 
tions made in the coLrrse of this investigation. 

Ratio Ca/N f o r  lzealtlzy and spiked leaves. 

With a view to rendering this observation more useful, the ratio 
N/CL waq estimated of specimens collected over long intervals. These 
values are strikingly broug-ht out in Fig. 1. 

Locality 

I t  is well known that qandal derives its mineral supply including 
t7itrogen through its roots. Since the intake of calcium and nitrogen 
is seriously disturbed, it was of interest to find whether the entire ash 
content of the spiked specimens bore similar relation with referencc 
to nitrogen The ratio N/Ash was calculated for leaves from different 
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Fig. 1. 

N/Ca In healthy and diseased sandal leaves. 

areas and at different stages of spike, with a view to finding any 
apparent differential absorption in the assimilation of these two 
groups, as a characteristic of disease. The results are presented in 
Table 11. 

TABLE 11. 
Ratio N/Ash ilz healthy ajzd diseased sandal leaves. 

I 

Uttarahalli Ragihalli I Noganoor 
Condition of the plant - - - -- -- - - - 

I I 1 1 I I 

Healthy ..I 0.24 ( 0.23 / 0.22 / 0.26 1 0.22 / 0.26 

Partially Spiked ../ 0.19 1 0.16 / .. 1 .. / 0.13 / 0.15 

Healthy . . I  0.20 / 0.25 0.25 I 0.19 0.26 / 0.21 , 

Fully Spiked . .  0.36 0.32 / 0.40 1.0.46 / 0.51 ( 0.48 
I I 1 

In  the advanced stages of the disease, the ratio N/Ash is nearly 
1% times that for the controls. In  the incipient condition of spike, 
however. this feature is reversed. It is doubtful therefore whether 

2 . F 



it can serve as a useful index for the purpose of diagnosis. It is 
possible that the same is considerably modified by the ash content, 
which in turn is a function of the stage of infection (This J . ,  1929, 
lZA, 295). 

Although no physiological significance can be attached to  the 
ratio Ca/N, it has nevertheless helped to distinguish healthy plants 

Fig. 2 
Abnormal sandal plants apparently resembling spike 

Coorg specimen. 



Fig. 2. 

Abnormal sandal plants apuarently resembling 
Noganoor specimen. 

from suspected cases of spike, as will be indicated later on. Solne of 
these cases have been collected in areas which lie 50-100 miles away 
from the nearest spiked locality. But all of these were characterised 
by short leaves, and mere examined for their mineral composition. 
Two typical instances which were found in heavily infected localities 
will be specially considered here. One of these was in Nogalloor 
situated only a few furlongs from the nearest spiked area. No one 



could fail to declare it diseased at  first sight. Specinlells f rom this 
plant are l-eproduced in Fig. 2. The leaves were extrenlel~ snlall but 
not characteristically narrow as in the case of s$=. k n i n .  the 

+ tlisc;~se. plant had only a few flowers, and this also is not tyl'ical 0: 

,4 second instance was from Coorg, where it was clesiwated as  
'flowering' type of spike, because the branches had plell t~ of flower 
buds, etc. Here too, no other abnormality was noticed except the 
striliinglr small size of the leaves. Specimens from this ]>1311t also 
are reproduced in Fig. 2. Leaf and other specime~ls from both of 
these plants were examined chemically and physically, besides tcsting 
them for their starch content. Further, grafting experiments wcre 
carried out with a view to testing their possible infective power. I t  
may be remarked here that the grafting tests were negativc, not 
a siilg-le case out of the ten tried having shown posiiirc transmission. 
With regard to  calcium and nitrogen contents, there was no almormal- 
ity in either of these constituents, as will be seen later (Table V ) .  All 
these help to a correct diagnosis of the disease in control operations, 
so as to eliminate healthy trees. 

PHYSICAL INDEX. 
It is evident that the above technique is reliable being dependent 

on the analytical estimations macle in the laboratory. But this be- 
comes tedious for the investigation of a large number of samples as 
a routine. A more simple but fairly reliable method-a rou& atld 
ready one-was necessary to enable the field worker to detern~inc the  
healthiness or otherwise of a given tree, reserving of course the 
chemical process in cases of grave doubt, and controversy. Tt was 
considered possible to define the w'ell-established sytnptolns of spike 
in a more precise and mathematical way. T o  this end, biometric 
nleasurelnents were tried early by the author ("Reports on Sl,il;c 
Disease Investigation," Parts I-VII, PYOC. Izdian Sci. Colzgr., 1931, 18, 
284) and were further developed to cover a large field. By this means, 
it was intended to convey a fairly accurate and quantitative idea 
the a.bnormalities referred to previously. The results are sumlnarised 
in Table 111. 

In spite of the wide variations in the individual values for the 
healthy specimens, the ratios were found to be fairly close and 
agreeing. The most striking feature of spike is visible in the reduc- 
tion of both the width of the lamina and also of the petiole length T h e  
same is significantly brought out in Fig. 3. The ratios are consider- 
ably higher in the diseased specimens with little overlapping. 



TABLE 111. 
Biontct&c measzwenzettts o n  healtlzy mzd diseascd sandal leaves. 

,, (Alyur) .. 91.7 36.9 12.9 2 .30i0 .3  2.0-0.1 

Spiked (Early stage) 1 36.3 1 7-6 1 2-8  11 4 4 0 + 0 . 6  / 4.5 +O.6 

Condition of the plant 

,, (Advanced) . .  23-5 / 6.2 / 2.3 / I  4.62&0.5 / 3.9=0.5 

Linear measurements 
in mm. Ratios 

I , 11 I 

* Each is an averaee of the values secured on over 2.500 leaves collected at different 

e a t a n a l o e  ..I f j 3 2 * i  23.1 9.4 2 8 4 f O - 3  2 4 - 0 . 2  

,, (Utlarahalli) . . 94.4 38.8 13.2 2.50&0.3 I 2.4-tO.2 

periods. 
In the above table. L is the entire l e n ~ t h  of the lcaf from netiole to the  ti^ of the leaf 

blade, 
B is the maximum breadth of the leaf blade ~e r~end icu la r  to the . - 

length, 
P 1s the length of the leaf stalk, 

and S.D. 1s the standard deviation by Fischer's method. 

Reduction in  leaf size following infection. 
L = Entire  length of leaf blade. 
P = Petiole length. 
B= Maximum breadth of blade. 



Ijztenzodal dktance i~z d a t i o n  t o  health a ~ l d  discasc: 'I'hat spike 
disease is characterised by a shortening of the internodes does not 
signify much except in a qualitative manner. I n  healthy twigs, the 
internodes are situated at irregular intervals, varying normally be- 
tween 5-35 mm. while in the diseased condition, this distance is 
considerably diminished, besides being set at  quite reg-ulnr intervals, 
begnning from the shoot. These values are reproduced in Table IV. 

TABLE IV. 
Intemodal  distances in Izcalthy and discased twi,qs. 

,, (Advanced, Ragihalli) ..I 3.9 1 4.3 1 3 . 5  1 3.1 1 4.1 

Condition of specimen 

I I I I I 
* Each figure represents the average of 500 twigs individually examined. 

Average value for internodal tlistanccs in mm.* 

I j I1 I I11 I I V  I v 

InternodaI distance* in healthy and spiked twigs. 



The striking reduction in the setting of internodes as a result of 
spike infection is worth noting. But the disposition at regular 
intervals is a feature exclusively selective of spike, and this is signifi- 
cantly brought out in Fig 4. I t  will be clear from this that in place 
of a few internodes in healthy specimens, in consequence of infection 
the number of dormant buds increase giving rise to vegetative dev- 
elopment and the characteristic branching. In the controls such 
regularity with regard to internodes has not so far  been recorded, 
even under adverse conditions oE drought or poor host associations. The 
difference between healthy and spiked plants with the respective leaves 
is significantly brought out in Fig. 5 .  The execessi~re branching in 
the latter case may be noted. 

Fig. 5. 

Excessive branching indicative of increased vegetative activity. 

In  view of the fact that the biochemical index as represented by 
the Ca/N ratio, and the physical index as indicated above are clear 
cut in healthy and diseased plants without any overlapping, and thus serve 



for diagnostic purposes, it became of interest to find whether any 
correlation could be traced between the two indices to a better advan- 
tage. A resume of the two sets of indices for sandal in health and 
disease from different localities is presented in Table V. 

Fig. 5. 
A corresponding healthy specimen. 

The increase in the ratio of L/B as a result of infection may be 
roughly deemed to correspond qualitatively with the increase in N/Ca 
ratio. Apart from this apparent relation, there does not appear to 
be any other correlation between the physical and physiological indices. 



LEAVES 

Source of Material 

Bangalore (Healthy) . . 
(Spiked) . . 

Noganoor (Healthy) . . 2.2 
(Spiked) . ::I 3.8 

De~ikanikota (Healthy) . . 2.40 

Frnserpet (Healthy) . - 2.43 
(spiked) .. ::I 4.1 

Javalagiri (Healthy) .. 2.1 
(Spiked) .. ::I 4.0 

Ragihalli (Healthy) . . 2.3 
(Spiked) .. ::I 3.7 

Uttar&dii (Healthy) . . 2.05 
(Spiked) . . ::I 3-94 

*Nuganoor (Suspected plant) . ./ 2-75 

*Fraaerpet (Suspected plant) . . 2.50 

TWIGS 

* Both were found to produce flowers and hence were referred as flowerillg types. 

DISCUSSION. 

The early observations on the chemical composition of sandal in 
health and disease (This J., 1928, 11A, 93) indicated that calcium 
nitrogen and ash contents were primarily affected by the disease. 
Since the total mineral content was found to be influenced by the stage 
of disease, it cannot adequately serve for diagnostic purposes. 
Although nitrogen relation of sandal is not very abnormal as is the 
case with lime, the increase in this constituent in spiked specimens is 
quite significant. It  thus became possible to  combine these two and 
to derive the ratio C d N  to identify the presence of spike. It  will be 
clear from Tables I and V that this ratio is nearer t o  unity in healthy 
ones and nearly a third of it in afiected cases. Even though nitrogen 
and ash contents are absorbed through roots, the rate of intake of the 



former is different f r o ~ n  that of the latter (Table TI). ' rhe ratio 
N / A ~ ~  is not really significant for reasons indicated before. 

TIle biometric measurenlents are fairly accurate and serve as 
reliable for the fieldman in the selectiou of trees for ti-eatlnent in 

colltrol. ?'his test is quite simple and easily carried out. 
Healthy plants ullder certain adverse conditions prod~lcc narrnn-er 
leaves, but these also have shown a ratio closely a g r c e i n ~  with that 
for controls. -4s typical instances, two prominent cases \Vere exam- 
ined allcl (Table V).  Reference to Fig. 2 will esl ihin the 
apparent differences. While these data are useful in diagnosing 
doubtful cases of spike, it must be ~o in t ed  out that none o i  the three 
individually will serve to distinguish healthy trees from spilwl ones. 
Each one may not be specific, but when combined, all these, eric.,  
( a )  the ratio of length to bredth of the leaf blade, ( b )  the length of 
the petiole and ( c )  the regularity in the disposition of the internodes 
with their respective distances in the twigs, have so far not failed in 
application. h successful case was the claim made by Chatterjee of 
transmission of disease through infection with the insect, Prlulo- 
crphala rric$or.i~zis, subsequent to their -feeding on spiked plants ("lie- 
ports on Spike Disease Investigation," 1932, Pt .  IT1 j. The 1-eh-ant 
data are reproduced below. The biometric ineas~1rcn1t:nts as well as  thct 
Ca/N ratio tallied with those from healthy samples. The suspcctctl 
plants had the figures for L/G 2.80, for F' 6.0  mm., arid for  the  
internodal distalice 11 mm., while the corresponcling data for controls 
collected from other pots were 2.2.  10.0 and 6.12 respectively. In 
the same way. the ratio Ca/N was 0.64 as  compared with the x-alue 
0.85 for the healthy and 0.26 for discascd samples. 'rhus, the clailns 
of this beetle as a vector of spike were tested, with negative results. 

A criticism of the abow technique was made by llover (IrltJiOrr 
Porest Records, 1933, 20. Pt. I) when he claimecl positive trans- 
mission with M o n z k  mriabiZis, as vector of spike. Fie relied for his 
support on the nitrogen content and on the presencc of X-bodies in 
the leaves. Tt will be clear from this contribution tbat 
values are not reliable as a diagnostic index, as it is considerably 
influenced by the host plant. Dover did not, however, carry out an 
examination of the calcium content, which alone would have 
him with the necessary clue. At  a later date, the suspected plant 
developed healthy shoots. In his opinion, the ratio was useful 
in typical healthy and spiked plants. H e  cited instances of a few 
healthy specimens where the ratio was as high as 5 and of son>e spiked 
ones in which the ratio was less than 3. H e  however argued that the 
insect fed plants evinced a ratio of over 4 which led him to conclude 
that were really spiked! In fact, the author's observations on 



these, tallied with those of the healthy ones. Moreover, he had not 
presented data relating to petiole length and internodal distance in the 
twig. These three in combined form would have yielded sufficient 
clue to the claims. Thus, where the physical index was not definite in 
its conclusions, the physiological or biochemical index was the surest 
indication. 

SUMMARY AND CONCLUSION. 

1. A simple method was evolved for the identification of spike 
disease in sandal based on the uniformly low values for the Ca/N 
ratio for the affected specimens. 

2. The values for the ratio N/Ash was found to be influenced 
by the stage of disease. It cannot therefore be employed successfully 
for diagnostic purposes. 

3. A simpler and more useful technique, though somewhat less 
accurate, was devised for field purposes, involving biornetric measure- 
ments on leaves and twigs. 

4. The ratio L/B is significantly higher in the diseased leaves. 
5 .  The leaf stalk is characteristically short in length, adding 

to the stiffness of spiked lcaves. 
6. In  the diseased twigs, the internodes are set at regular but 

short intervals, unlike in the controls. 
7. Even though each of the above three physical tests may be 

occasionally encountered in sandal plants growing under peculiar 
conditions, the above technique has never failed to identify the disease 
when combined together. 

8. Two interesting cases naturally occurring in the field have 
been examined in detail and proved to be healthy by these tests. 

9. In two other instances of reported transmission of spike by 
artificial means, these tests have again proved invaluable. 
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