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ABNORMAL ~CCUMULATION OF CARBOHYDRATES IN 
DISEASED TISSUES. 

B y  A. V. Varadaraja Iyengar. 

Barber recorded that spiked sandal tissues were packed with 
starch, resulting from stagnation, induced primarily through defec- 
tive functioning of the roots ( Irzd ia~~ Forester, 1903, 29, 21). 
According to Butler, this abnormal starch content of diseased leaves 
and twigs, combined with other morphological changes induced in 
them, was an indication of forced carbon accumulation by the affect- 
ed tissues (Igzdian Forestel; 1903, 29, App. Ser.). Coleman con- 
firmed the above observations (Dep. Agric. -Mysore State -Tfycol. Ser. 
Bull. No. 3, 1917) and in a single case studied by him, it was noticed 
that spiked leaves contained twice as much starch as the healthy ones. 
A systematic examination of this question was made by the author 
under more comparable conditions and at different stages of disease 
(Th i s  Journal, 1928, 11A, 93; 1929, 12A, 295). I t  was shown 
there that the starch content of the diseased leaves was significantly 
high from the period of manifestation of disease and was found to 
increase with the progress of infection. This abnormality was 
observed irrespective of season, soil conditions and such other external 
factors. 

Coleman (loc. cit.) observed that the diastatic activity oi spiked 
leaves was about half that of the healthy ones and that starch was 
twice that of the latter. In other words, a reduced enzyme action 
was apparently responsible for the excess of starch, which was not 
readily converted into the more assimilable form of carbohydrates. 
Sastri and Sreenivasaya could not confirm Coleman's observations 
(Th i s  Jozwzal, 1928, 11A, 23). According to those authors, dis- 
eased leaf tissues and tissue fluids showed considerably higher amylase 
action than healthy ones. They could not, however, correlate the 
high amylolytic action with the presence of any accelerator or absence 
of inhibitors in the diseased portions (Ibid., 1929, 12A, 233). 
Sastri recorded at the same time a greater liqueiying component of 
amylase in the affected tissues than the saccharifying one, while 
the reverse condition was true of the healthy plants (Ibid., 1929, 12A, 
251). In  spite of these interesting observations, the accumulation 



of starch ill diseasc.t] tissues has riot heen explained on any rational . . I , ~ ~ ~ ~ .  ~t ;:i rhereiare coi;sidered necessary to re-investigate this 
prc,hiem -,.;ith a tb, the mechanism of excess starch 
;orii?atii,l!. 1: v;ns also eqr,aliy important to account for the increase 
kl colrtent of spike(! tissues with the progress of the disease. 
r:pjideS these, ilierc were aijo other aspects which required careful 
invest+ati<q>. The results of such a study are reported in the present 
cr mrnunication. 

EXPERIMENTAL. 

Le;ii s~wiimeas, bcrh healthy and diseased, were obtained from 
differmt localities, such as Bang.alore, Noganoor, Aiyur, and 
Ja~aiagi r i  in the manner detailed in an earlier communication 
I 4. 1'. . 1 .  The co!iected material was transported to the 
l abo ra~a r~  in stoppered bottles and dried imincdiately at room tempe- 
rature in ciesic~ators over calcium chloride under vacuuni. These 
iwre r-sb.-eqr:e:~tly powdered and preserved in air-tight containers. 

Diastutic activity of these specimens was determined by adding 
a wciphe6 r;xn:ity of the powder to 40 c.c. of 2 per cent. starch (soluble 
starch according to Zalkomsky) solution in 100 C.C. flasks to which 
rols~ene was added and by iucuhating the coutents at  the room tem- 
perature (2.5-27' C.) for 24 hours. At the end of this period, the 
fa.7. sn n . as iirated on a boiling water-bath for 5 minutes to arrest enzyme 
action. The solntion n.as filtered hot into a 100 C.C. measuring flask 
and washed with distilled water (40 c.c.). On cooling, dialysecl 
iron \vas added as the clarifying agent, excess being removed by 
addition of potassium s~~lphate. The contents were finally brought 
u to 100 c . .  These were then. centrifuged immediately and the 
clear extracts fi:terwl through dry filter-paper. Sugars were estimated 
in the fltrate. accoi-ding to  the method of Bet-trancl and com- 
puted as mahse.  

I~cj'rfsrrc-r of ;c?~zpc?-at1rl.c.-Though Coleman's early ob- 
servations of reduced diastntic activity were contradicted by 
Sastri and Sreenivasaya, it is of interest to obserlre that 
the two sets of determinations \vere carried out at different 
tempitrztures. Thus, Coleman carried out all his studies at  
a temperature of 50' C. on the eridence of Green (?noted by 
Coleman, loc. rit., p. 32)  according to whom this is the optimum tern- 
F ra twe  for transbcation diastase. Sastri and Sreenivasaya, on 
the 0 t h  hand, employed onIy room ternl~eratlsi-e not rising above 
30' C. in their determinations. It became necessary therefore to 
examine whether these variations could adequately explain the differ- 
ence in their observations. Diastatic activity was tjlerefore 
estimated at room temperature (25-27" C.) and at-45" C. and so0 C, 
The results at-e given in Table I. 



f i ~ t ~  I. 
Diastalic activity o j  lzealtlzy and diseased leaves at diffcrcnt 

tewzpeuafzrres. 

Diastatic actior. (expressed as grams mallose) per gram of lcaf powder 
~- -- 

Soiirce of Xatcria: At 26-27' 'C. 

Bangalore . . 
Ragihalli . . 
Ctt.rahalli . . 

I 
It is clear that diseased leaves show higher enzyme activity at  

all temperatures. The effect of raising the temperature is more 
pronounced on healthy specimens than on the affected ones. 

7'anlzilzs of Izcalthj nlzd spiked safrdal a d  their iizfl~relm oil 

diastatic actizity.-With a view to elucidating the relation of tannins 
present in the leaves to diastatic activity, the following experiments 
were carried out. Weighed amoums of healthy and spiked lcaf 
powders were shaken with ethyl acetate for over 8 hours, filtered 
and washed with the solvent till no more colouring matter was extract- 
ed. The spiked leaf extracts were more coloured than the healthy 
ones. I n  both cases, the solvent was evaporated at  a low tempera- 
ture and the residue dried over calcium chloride. The tannin contents 
of the samples were also separately determined ( v i d e  infm). The 
percentagc of material thus extracted by ethyl acetate is presented in 
Table 11. 

TARI,E TI. 
Material extracted from ail--drird sandal leaem by cthyl acetate. 

(Expressed as per cent. on dry weight) 1 ~ t t q ~  acetate extract of leaves 

Source of material 
Yedthy  1 Diseased 

Bnngrlore . . . . 

Noganoor . . . . 
Aiyw . .  . . 

9-46 I 7 -13 

8.04 6.17 

10.75 1 9-03 



The coloured residues obtained by evaporatillg the solvent were 
subsequently shaken th~iroitghly with small amounts of water to 
estract the soluble portions (chiefly tannins) and the final volume 
made up ro 20 C.C. The aqueous extracts so obtained with healthy 
and spiked leaf powilers were divided into two equal portions. Each 
of these was added to starch solutions containing known quantities of 
the cietannised powcters (both slcriked and healthy) in separate flasks 
am1 :heir diastatic activities determined in the usual manner a t  room 
temperature (Table 111 j. 

TABLE 111. 

Ii~,Kxc~it-t of cth$ ncctuic cxivacts of leaf pozcders 097 w ~ z ~ ~ l u s c  actio~?. 
(Expresseti as grams maltose per gram of leaf powder) 

Treatments 

Untreated (Control) . . 
Resi&ue nftrr extrac- 

tion ~ i t h  ethyI 
acetate . . . . 

no. f A . . 
Do. 4 B . . 

A = Extract from spiked leaf; B = Extract from healthy leaf. 

Temperature: 26-27" C. 

Diatatic activity of leaf powders obtained from 

o Q I j l w . i , a  

Henldq / Diseased I Heaithy ) L X i e a d  / Healthy I k o m d  

I t  may be seen that the activity of the detannised residues was 
higher than that of the original leaf powders. Contrary to expecta- 
tion, addition of extracts increased the activity, the effect being 
more pronounced in the case of diseased sample than in that of the 
healthy one. 

The influence of temperature on the diastatic action of the treated 
powders was next determined. The results are reproduced in Table IV. 

0.255 

0.569 

0 . i38 

0.669 

0.811 

1-648 

1 2 -136 

1.875 

0.038 / 0 4 0 8  0.084 

0.308 

0.592 

0.536 

0.088 

0 .I24 

0 .I10 

0-547 

0.908 

1 .484 

1.210 

0.846 

1 .414 

1 .I62 



TABLE IV. 
Infiz~ence of fewzperature ofz the diastafic activity of extracted 

specime+zs. 

Diastatic actiolr (expressed as grams of maltose) of leaf powders 
determined at 

Source of material I 26-26' C.  45-C. 

i Healthy I D l s e l ~ d  1 Healthy I TYe~led 

Noganoor . . . 1 0.669 1.642 1,838 1 2.348 

Bangalor? . . . . 0.288 1 410  1.042 1.804 

Aiyur . . ..I 0.384 1 1.126 1 1 1 1.982 

As observed in the case of untreated powders, temperature exerts 
a great influence on healthy samples while it is not so effective on 
diseased ones. 

The tannins were then estimated independently by the method of 
Menaul (J. Agric. Res., 1923, 26, 257). The results are reproduced 
below (Table V )  . 

TABLE V. 
Tannin contelzts of healthy aad spiked leaves. 

Bangalore . . 0 -104 0 -247 2 6 9  
Noganoor . . 0.075 0.244 3.14 

Aiynr .. 2 4 8  

Source of material 

Spiked leaves are found to contain more than twice the quantity 
of tannin present in the corresponding healthy ones irrespective of 
locality. 

In  view of the high tannin values, it is rather difficult to 
explain the increased diastatic activity of the diseased specimens. 
Indeed, it is well known that tannins depress amylase action as shown 
by Brown and Morris (J. Chem. Soc., 1893, 63, 604). It was 
therefore of great importance to know whether the tannins present in 
the diseased specimens differed in any rekpect, from those in the 
controls. Aqueous extracts of the leaves were therefore tested with 
several reagents. The results are presented (Table VT). 

Tannin as per cent. on dry aeight 

Healthy 1 Spited 

Ratio sD.tkPd. 
Healthy 



TABLE VI. 
Some reacfiom of sandal Ieaf extracts. 

.- - 

Ferric chloride (airong) . 
,, , (diluted) . 

,. 9, - He1 

,, ,, + Pot,assium 
oitrate 

,, .: [dilute) +-Citric 
acid 

Rromiue water . . 

Sulphuric acid (concentrated) 

.7 (on boiling) . 

Ferric alum . . 

Lead acetate . . 

Lime water . . 
Iodine wish potassium iodide 

and ammonia 

Ammonium molybdate 

Fehlbg's solution . . 
Permanganate . . 

Spiked leaf 

Greenish brown 

Brownish green 

Tarnished b r o x ~  

Yellow 

Blue 

Red brown preoipi- 
ta,te 

Heavy yellow preci- 
pitate 

Bed 

Red ring 

Turns yellow green 
slowly 

Dark blue, turns red 
with ammonia 

Precipitate becomes 
brown 

Light brown ppt. 

Deep red colour 

R,ed colour (no ppt.) 

Reduction 

Rapid discharge of 
oolour 

Eealthy leaf 

Brown 

Greenish brown 

No change 

Light green 

Yellowish green pre- 
cipitate 

Greenish blue 

Yellowish brown 

Light yellow precipi- 
tate 

Yellow 

Dark red ; turns green 
on shaking 

Turns green rapidly 

Greenish black ; turns 
red with ammonia 

Precipitate becomes 
white 

Brown preoipitate 

Light brown colour 

Red colour (yellow in 
transmitted light) 

Feeble reduction 

Colour slowly reduced 



A study of the above would show that in sandal leaf, both 
pyrogallol and catechol types of tannins are present, With the onset 
of the disease, it would appear that the pyrogallol group of tannins 
is largely present while in the healthy condition the catechol type 
predominates. 

E f e c t  of added taizuins 011 the diastatic actinity of sandal leaf.- 
In  view of the difference in the nature of tannins noted above, 
it was of considerable significance to determine whether by the ad- 
dition of these classes of substances to the original and extracted leaf 
powders, their diastatic activities could be increased or decreased 
as the case may be. To this end, welghed quantities of catechin and 
py-ogallol were dissolved in water, made up to 100 C.C. and pre- 
served under toluene. Aliquots of these were added to the different 
leaf powders and their diastatic activities estimated as before. The 
results are presented in Table VII. 

Diastatic actizity of leaf powders in pmsmce  of added tamzi~zs. 

/ Diastatie activity (in grams of maltose) per gram of dry 
leaf ponder 

- 
Treatment Original After extlaction with ethyl 1 acetate 

Heallby 1 Diseased 1 Eeaitlq 1 Diseed  !- 
I Leaf powder (0 -25 gram) -+ 

I t  will be clear from this that pyrogallol accelerates the diastatic 
activity of healthy leaves to a greater extent than that of the dis- 
eased ones. The untreated spiked leayes are also stimulated by the 
addition of both groups of tannins and particularly by pyrogallol. In 
the detannised residues this substance has a slightly inhibiting action 
on the spiked specimens while the corresponding healthy ones are 
activated by about 50 per cent. With pyrocatechin, this action is 
less pronounced. 

10 C.C. wa.ter (Control) . . 

Leaf powder (0.25 gram) + 
10 cc. ,  0 . 3  per cent. pyro- 
catechin . . . . . . 

Leaf powder (0.25 gram) + 
10 c.c.: 0.3 per cent. pyro- 
gall01 . . . . . . 

144.2 

1.358 

U445 

0.558 

1.547 

1,018 I 0.SBP 

1.552 0-604 

2.216 0.826 j 1.554 



rircui1i1ilaiio~s of solubic s~ignrs  in sjikcd 1savcs.-It has already 
been shown by ihe author (Ti t is  /oiriiia!, 1929, lZA, 295) that in 
partiall? ciiseaseti trees. the carbohydrate content of the affected 
leaves is generally low whiie starch is high. In an earlier com- 
munication c lbid., 1928, 11A, 93 j it was shown that in advanced 
stages t,f the clisease spiked leaves contained more total soluble sugars 
as well as starch than the corresponding controls. I t  is rather 
difficult to explain these variations on the basis of increased enzyme 
activity. I t  was considered necessary therefore to re-examine this 
progressive increase of sugars with the advance of disease. T o  
cnniirrn this: some critical estimations of total sugars were carried 
out on leaves derived from plants at different stages of clisease, with 
necessary controis. The specimens were collected from Jawalagiri 
(Table VIII). 

T A B L ~  VIII. 

SaIliblc sligay coilteut of sarzdal leasxes at  differe~tt stages of disease. 
(Espressed as percentages on dry weight) 

- 

The increase in soluble sugars with the advance of disease is 
real11 significant. This has been confirmed by analyses of specimens 
derived from other localities also. 

No explanation has been found possible to account for this on 
the basis of amylase activity alone. Since carbohydrates in plants 
are utilised for the formation of proteins and fats, it was thought 
necessary to compare the fatty matter content of healthy and diseased 
leaves. The relation of nitrogen to health and disease will be con- 
sidered elsewhere. Specimens collected and treated in the manner 
detailed in the earlier part of this paper were employed for this purpose. 
Weighed amounts of dry powders were extracted in a Soxhlet with 
ptml ether (light petroleum, 35-50" C.) and subsequently with ethyl 
ether. The extracts mere separately evaporated to dryness in each case 
and the residues weighed. The results are giren in Table IX. 

o . l o ~  

0 .I12 

0.664 

0 -826 

E ~ ~ I ~ ~ T -  . . . . j 0.018 

Initial stage of spike . . 

Fully spiked . . . . 

Final stage of spike . . 

0.012 

0.082 

0 .la0 



TABLE IX. 

Petrolewn etl7c~ alzd ether extracts of healthy ami spiked leaves. 
{Expressed as per cents. on moisture-free material) 

Petrol sther extract I Ether extract 

Saume oi material 
Healthy 1 Spiked* I Heal= 

Bangalore . . ..I 5.6 I 2.1 1 9.2 1 3-1 

Noganoor . . 8.1 1 2-8 

* Advanced stage of spike. 

Aiyur . . .. 
Denkanikota .. 
Uttrahalli .. 

While healthy specimens are characterised by a high fat  content, 
diseased ones have comparatively low values which are even less than 
half of those of the controls. 

I t  was thought best to examine the residues for free acid content. 
T o  this end, the extracts after evaporation and weighing were 
taken up in rectified alcohol and titrated against standard alkali with 
~henol~hthalein as indicator (Table X). 

Free acidity of the extracts of safzdal leaves. 
(Expressed as C.C. N/10 alkali per 100 gms. of dry material) 

4.4 

5.3 

3.7 

8.3 

9.1 

8 ~2 

1.7 

2.2 

1.4 

Healthy . . 13.6 U:: 14.8 

Spiked . . 18.8 24 -8 

3 -1 

3 -3 

2.9 

Condition of plant 

The free acidity of the diseased tissues is greater than that of 
the healthy ones. 

Source of material 

Nogmorr I Bagdore I Aiyor 



DISCUSSION. 

T'ne acc~:mu?ation of starch is a tl-ijical biochemical symptom of 
virus iniection in p!ants. I t  is also a recognised fact that both syn- 
thesis and degradation of starck through sugars are carried out in the 
green leaf ihrcugh the acticm of diastase. Hence any abnormality in 
carbohydrate metabolism of plants should be traceable to a disturbed 
diastatic action. Thus in tobacco mosaic, Woods (Cclztralblatt. Bakt.,  
;l.-lht. 11, 1899. 5. 745) ascribed starch accuniuIation to an inhibitory 
action of oxidaees on diastase. It was Neger (Zfscl7,~. p j l a ~ ~ ~ ~ ~ ~ k r a ~ z l z ,  
1919, 29. 2 7 )  who first observed a high diastatic action in potato leaf 
infected r i th  1,eai-roll disease, besides an increase in starch. 
'1 similar olxervation has been made on other virus-diseased plants 
iiiclxiding sandaI spike. .\n attempt is now made to offer an expla- 
tntion Enr the abnormality noticed in spiked lea\-es. 

The diminished activity of translocation diastase recorded by 
Colenlan through esperiments conducted at  50" C. on the evidence of 
Green (cited by Coiemanj could not be confirmed in our experiments 
i'rrfdt. Table I ) .  The more significant fact observed therein relates 
to a di%erer,tial action of temperature on healthy and diseased 
leaves. Thus with a rise in temDeraturc of 20-25". the ratio 
diastatic action pcr Rram ci diseased leaf - ~-.  - 
r'ieiLat:c ac:iuz ler giai2 he;it+g clrops to less than 60 per cent. of the 
value at 25' C. In tither words, a higher temperature has an apparently 
inhibitory action on diseased leaf enzyme. 

The relation of tannins and tannin-like substances to health and 
disease was investigated. A study of the detannisecl leaf powders 
(with ethyl acetate j with and without ihe addition of aqueous extracts 
of ester-dissolved material has served to differentiate between healthy 
and diseased conditions. While the controls (LC.. detannised pow- 
ders', from lxlth healthy and spiked leaves manifest higher diastatic 
action than the corresponding untreatcd ones; the addition of cliseasecl 
leaf extract referred to above. to both healthy and affected control 
.rpccimens idetannised j results in considerably accelerating the potency 
of these pc,wders (vide Table 111). On the other hand, a similar 
treatment or  application with healthy leaf powder does not augment 
the adirity so much. I t  vl-odd appear from this that spiked leaves . 
contain a n  activator of diastase or that healthy ones contain more of 
a diastase inhibiting subslance which gets probably cliniinished in 
amount or disappears with the onset of disease. An examination of 
the atjueorls extract of the'original leaf powders throws some light on 
the nature of tannins in them (liable VI) .  Whilc other substances 
might interfere with or modify these reactions, the available evidellCe 
slmrw!: that the pyrogallol group of tannins appears to predominate ill 
the diseased condition. On the contrary the catechol group is chiefly 
r:oticed in thc healthy state. The darkening of the spiked leaf juice may 



then he due to this factor. 111 other ~sortls, pyrogallol grotq> of tannins 
cxtractablc by ethyl acetate c;ui bc considered as accelerators of iliasta- 
tic activity in plant parts. Experiments with pyrogallol and pyrocatechin 
appear to support this view (Table VII  j. Thus pyrogallol enhances 
the activity of both healthy and spiked leaves, whether detannised 
or not. The comparatively feeble action with pyrocatechol on 
healthy samples cannot be easily accounted for. With detannised 
material. the pyrocatechin is a poor activator. I t  is of significance 
therefore to examine this question with pure diastase derived from 
different sources. Such a study is in progress. i n  view of the 
vari;rtions in the tannin content of leaves with the onset of spike, it 
is interesting to determine the conditions under which one type of 
tannins changes to the other. Again, whether the one or the other 
group arises in the process of defensive mechanism of the plant fol- 
lo\ving idection, as shown by Cook and 'I'aubenhaus (Delazua,nue Ag?. 
E-cfifl. Stut., Bull. Nu. 97, 1912). is a problcm which requires Iurther 
inyestigation. 

In spite oE these observations the total tannin content of spiked 
leaves is more than twice that of healthy ones (Table V) .  On the other 
hand, ethyl acetate extracts of diseased specimens are less than those of 
the controls (Table 11). It may be observed here that the aater-  
soluble portion of this extract was more in the spiked leaves only. 
Hunger (5'1111. Inst. Bui tcwoug ,  1903, 17, 1) explained the low 
diastatic action in tobacco mosaic as being clue to the presence of 
tannins. That tannins also play a part in oxidation processes has been 
shown by Rose (Bot. Gas., 1919, 67, 105). In  the present experi- 
ments, in presence of pyrogallol the reacting starch solution developed' 
a dark colour with healthy and spiked leaf powders. I t  may be remarked 
here that the hydrolpsctl sLarch solution contnining pyrogallol arid 
healthy leaf powder was clilficult to filter. 'l'lie reaction with 
pyrocatechin was strikingly in contrast. 

l'lzc c-ausc of suyar nccz~nztrlatio~~.-The increased diastatic acti- 
vity of spiked leaves may account for the starch storage noticed in 
them on the assumption that the reaction proceeds in the direction of 
synthesis of starch from sug-ars which should correspondingly be re- 
duced in amount. While this is the case in the incipient stages of 
disease (A.  V. V., This Joztmal, 1920. 12A, 295) an abnormally high 
value for soluble carbohydrates is obtained with the progress of 
disease and in advanced, stag-es of spike (Table VIII ) .  I t  
map be argued that the system Sugar*Starch works as 

(diastase j 
though in a 'fever' raising its equilibriunl to a value out of 
proportion to the normal, a condition which should result in the 
death of the plant a t  once. The increased cliastatic action appears. to 
be due to the activators present rather than to a higher enzyme 



I! it is assujlled tirat sta:-ch formatiun is ollly a mechanism 
';tie !jjrt ,,f rhe plant tc: diinhiish the osinolic action of Sugars 

beYtrlltl litllir, the illcrease in the aagar content must be looked 
for &cV,-hl~r,~. The reduced iat content of spiked k a ~ e s  fern- 
illg as it &;ei, cinlg t u  rhr: extent of 30-40 per cent. of healthy 
unes Table IX)--b(,th light petro!eum and ether extracts-nlay 
;:ccc;unr f r ~ r  the high sugar content, either through poor synthe- 
sis r ~ i  fats from carbithydrates or through the conversion o l  fats 
already present i~:"r sugars. Tn the latter case, the free fatty acid 
liberated might serve as material for the high respiratory activity 
noticed in an earlier communication (A. 17 .  V., T1zi.s Jozrrml, 1933, 
16A. pi. XI1 j. In fact the free acidity is higher in the diseased con- 
dition (Table X). 

TIzr coi~sc of sfardi  accz~~r~~rlnfiorl.-While Quanjer (Dk Nekrose 
(lcs Plzh1l:s dcr Ka~to,~clpj iaiz~e tlic Ursacizc dcr Blatrollkrn,~zld~cit 
Wa~paii lger~,  1913 j accounted for the storage of starch in poiato 
Lertf-rc~li disease through defective translocation of starch arising 
from a necrosis of the phlcem tissues, Neger (loc. cit.) considered 
starch accumulation as being bound up with the mineral composition 
of diseased plants particularly lime, because "Fiir die Ableitung der 
RildungstPrke aus den BlLttern scheint kalk von Griisser Becleutnng 
zu sein". According to Esmarch (Ztschr. pflnizxrzkru~zk. 1919, 29, 1 )  
storing of starch is due to little or not sufficient active diastase present 
in these tissues. In Tollenaar's view (Ontzcttitzgcn ~ ' ( ~ 1 1  koollz~rtlmte~z 
G I  hct Bind zatz i'ficotia~za tabactm Lktiz. H.  Vcevnzan alzd Zone?z, 
W ~ p i i i ~ p ~ i ,  1925) such storage in Tobacco mosaic arises in one of 
two ways: ( a )  the virus influences the reaction Starch * Sugar, in the 
direction of starch synthesis, or ( b )  the virus arrests respiration 
which consequently impairs the breakdown of starch. Since respira- 
tion and starch derivation in the diseased tissues were considered to 
be normal. the conversion of sugars into starch was believed to result 
through a process of desiccation. In the case of spike a variety of 
factors are found to operate. A systematic microchemical examina- 
tion of twigs and leaves at incipient stages of the disease revcals the 
interesting fact that the medullary rays of the twigs were first filled 
wid1 starch, tbe ones farthest from the shoots having the greatest 
amount. On the other hand, in the corresponding leaves, the quantity 
of starch was considerably greater than that of the healthy ones 
although considerably less than that of spiked twigs. I t  may there- 
fore be assumed that storing of starch in the cells commences from the 
Lower portions and progresses upwards. With the advance of disease 
both leaves and twigs are found packed with starch. Thus, 
accumulation of spiked tissues is a progressive phenomenon independ- 
ent of seasonal and local conditioils which are on the contrary found 
to influence the composition of healthy ones. Diseased twigs cut and 
kept in darkness do not show even after 21  hours any derivation of 



starch. Thus, a primary defective translocation seems to be responsi- 
ble for starch accumulation (-A. I-. V., D.Sc. Thesis, University of 
hladras, 1934). 

Such defective translocation leading to starch storage ensues 
when calcium is not made available to the growing plant. This has 
been well substantiated by Roehm (.Sitz. Akad. Wiss. Wcilz, 187.5, 
71, 287) and by Raurncr and Kellermann (Laizdw. Versztclzsstat. 
1880, 25, 25). Griiss observed that the hydrolytic action of diastase 
was ten times great in presence of calcium salts (Wis.~.  Beilqe.  s. 
Jahresbericlzte d V I I I .  Stadt. Realschnle, Berlin, 1895). Schimper 
(Flora, 1890, 73, 207) recorded disease symptoms in plants grow- 
ing without calcium besides an increased starch content in such tissues. 
In this casc the inactivation of diastase was believed to be due to 
"Spaltungsprodukten" (sugars). I n  spike disease of sandal, the evi- 
dence so far obtained goes to show that lime is deficient in stems and 
leaves following the manifestation of disease symptoms. On the other 
hand, in predisposed plants an abnormal lime content (150 per cent. 
of that contained in the healthy ones) has been observed. The relation 
of lime to disease will be considered elsewhere. It appears possible 
to postulate tentatively, that barring infection the nature of which is 
yet obscure, the primary reaction is noticeable in the disturbed calcium 
metabolism of the plant. 

SUMMARY AND CONCLUSIONS. 

1. Spiliecl sandal leaves evinced higher diastatic activity at  both 
high and low temperatures and also after being detannisccl with ethyl 
acetate. 

2 Though the total quantity of material extracted from spiked 
specimens is less than that from the controls, the actual tannin content 
of diseased leave5 is more than twice that of healthy ones 

3. The extract from affected specimens was also found to en- 
hance amylase activity of both healthy and diseased detannised 
residues while similar extract of healthy ones was found to be poor in 
action. 

4.  Spiked leaves were found to consist largely of pyrogallol 
group of tannins, while healthy ones reacted chiefly to pyrocatechin 
class. 

5. Pyrogallol was foui~cl to accelerate amylase activity of both 
the types of leaves, whether detannised or not. On the other hand, 
pyrocatechin showed a tendency to inhibit the diseased specimens more 
than it did the controls. 



6. The high diastatic activity of spiked leaves results in thc 
synthesis c;f miJre starch from the sugars present therein. 

7. Although starch accumulaih~l is evident from the period of 
manifestation of disease symptoms, sugars increase in concentration 
only in advanced stages of spike. 

8. The mechanism of this increase of sugars is nut through the 
degrac!ztion of starch which is a h  found to  be stored in the tissues 
to an abnormal extent with the progress 01 disease, hut they may arise 
from the decomposition of fatty material. 

9. The total fa t  content of diseased leaves is considerably lower 
than that o i  the controls. F-.irther, the free acidity of ether extracts 
was higher in the former. 

10. Evidence is adduced to show ihat this starch accun~ulation 
commences from belon- and hence is due to defective translocation. 
Though infection is the primary cause of the disease, it would appear 
that the immediate effect wonld lie in the non-availability uf calcium. 
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