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

PART X. Seasonal studies on healthy and partially spiked
trees.

By A. V. Varadaraja Iyengar.

It was shown in a previous communication (/. /ndian Inst. Sci.,
1928, 11 A, 97) that the leaf tissues and tissue fluids of spiked sandal
trees were abnormal in composition. In view of these findings, it was
considered necessary, for a proper understanding of the disease, to
study the metabolism of the leaf during the progressive stages of spike.
Simultaneous observations on healthy sandal were also made and were
expected to throw considerable light on such metabolic processes as
vegetative growth, flowering and fruiting ; and to show by contrast the
effect of the disease on spiked trees.

The leaves used in the present investigation were collected from
one experimental area (Uttarahalli), and possible errors due to soil and
climatic variations were thus obviated.

Four fairly large trees, two healthy and two diseased, located near
each other and of nearly the same age and height, were chosen for col-
lection of specimens. The diseased trees had a few small branches
still unaffected and actually flowering. In the affected branches the
internodes were shortened ; the leaves were narrower and smaller than
those on the unaffected ones and no flowers were seen. In the later
stages, the disease was observed to have spread to one of the healthy
twigs. The healthy trees were bearing fruit in the beginning of the
investigation and after June, buds developed, thereby indicating that
these trees remained healthy throughout the period of investigation.
To exclude differences arising from age, only mature leaves from large
branches were collected for examination ; other details relating to the
collection and handling of specimens are set forth in an earlier part
(doc. cit., 103).

The season covered by the investigation was from early April to
late September in 1928 and represented a hot and dry spring, a cool
and rainy summer and a mild and humid early autumn. Table I pre-
sents the weekly averages for the more important meteorological
observations in the period,
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TABLE L

] ‘ Max. Min. Relative

1928 Ramfall, 1ganshine, | ornn | temp. | humidity

inches hours | . o per cent.

! [ A B R

April 10 001 ‘ &1 J 938 689 ‘ 52:0
" 20 06 90 97 0 705 f 440
i 30 000 ’ 95 97 & 72:0 “ 42'3
May 8 e | 48 477 7200 1 ag
.2 ] o2 Iows L g6 71°5 494
June 8 ‘ 001 1 62 D we | s 613
o2 | 023 | 57 764 69 | 600
Juy ¢ | 43 ‘ 51 851 P
" 23 w1 040 l 31 8§0'9 659 70°0
Angust 8 ] 173 >3 $1-7 663 77°3
. 2 w307 25 805 656 71
Sept. 7 |ov02 66 | 846 668 0 64l
.oz | 070 51 L §34 658 | 667

It may be noted that while April and May were very hot, had over
nine hours of bright sunshine per day and under 50 per cent. of relative
humidity, the late part of July and the whole of August were cool, had
under three hours of bright sunshine per day and over 70 per cent. of
relative humidity ; June and September were intermediate between the
two extremes. Such marked variations in season were expected to
influence the soil conditions and physiological activities of the trees,
and indicate the extent to which the conditions of the latter were
affected in both health and disease.

ANALYTICAL METHODS.

Extraction of sap was made according to the method detailed in
an earlier communication (/. /udian Inst. Sci., 1928, 11A, 23) with
the difference that a longer time was allowed for the material to thaw

and the cells to plasmolyse, and time of extraction reduced to
10 minutes,
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F reez@ng-point determinations were made by the micro-Beckmann
method, with corrections for super-cooling. True depression of the
freezing-point was calculated according to the formula o — A’
— 001254 &' where A’ represented the observed freezing-point minus
that of distilled water and « the degrees of cooling below the observed
freezing-point. Osmotic pressure P was calculated using the formula,
P = 1206 o — 0021 a%  Specific electrical conductivity, hydrogen-
ion concentration and titration values were determined by methods
already described (Varadaraja Iyengar, be. cit., 97).

The sap-contents were estimated by the refractometer method
using Schonrock’s and Geerlig’s tables (Bureaw of Standards, 1918, 44,
133) respectively, for water and solids. The values thus obtained
were checked from time to time by the evaporation method.

Extraction and clarification of the leaf-sugars were conducted by
the method previously adopted. Estimations of the individual sugars
were made by the method of Tollenaar Dirk (Omzettingen van
Koolhydraten in bet Blad van Nicosdamwa Tabacum, L., 1923, 21).
Reducing sugars were estimated by the Bertrand method, 25 c.c. of
centrifuged aqueous extract being used tor this purpose; sucrose by
hydrolysing 25 c.c. portions of extract with 18 c.c. of 37 per cent.
hydrochloric acid at 70° for 5 minutes, neutralising, diluting to 50 c.c.
and determining reducing power as in the previous case; maltose by
a method similar to that adopted for sucrose, but differing in the time
of hydrolysis which was extended to 24 hours.

After removing sugars with 96 per cent. alcohol, dextrins in the
dried residue were extracted with 10 per cent. alcohol at 50° for
30 minutes. The alcoholic extract was concenirated to a small volume
and extracted with water. The aqueous extract was clarified, filtered,
treated with one-tenth its volume of hydrochloric acid (4. 1'125) and
hydrolysed at the temperature of boiling water for 2 hours. The
hydrolysate was neutralised, made up to volume and the reducing
power determined as glucose. The residue from the above was used
for determination of starch by the taka-diastase method.

The residue after starch determination was refluxed with
2-5 per cent. sulphuric acid for 1 hour, filtered, neutralised, clarified,
made up to volume and the reducing power estimated. This was
denoted as hemicelluloses calculated as dextrose.

The other chemical constituents were determined by the methods
detailed before (loc. cit., 98). In addition to the above, the leaves
and twigs of the healthy portion of the partially spiked trees were
examined histochemically for starch, and chemically for nitrogen and
calcium.
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The effect of season on the tissue fluids and the several chemical
constituents of the tissues are presented in the following tables.

TABLE 1L
Sap extraction, healthy and diseased leaves : tolal weight, 100 gis.
Healthy l Spiked
- BN B —
. ‘ Loss | Lo
Date We. of ‘ r?sti.dgi dunng | Wt of r‘e‘i{:clisi | during
sap gms. expression| sap gms. S lexpression
1 h ‘ gImS. of sap guas. ‘ of sap
| ‘ .
April 10 | 5925 3560 } 515 s720 | 3840
. 20 . | 5545 39:30 525 59-80 3500
.o 30 | 6065 aa | 335 57-50 39-18
May 8 T oe23s 3465 300 6155 | 35460 |
.22 L6250 1 3505 ! 245 6540 | 3180 |
June B v 13700 | 4y o 275 | 6265 3455 |
., 22 | sos0 4635 335 5595 | 40'35 |
July 9 | 571 4055 235 o e
»o 23 ] $6'%0 41-25 185 6365 | 3425 |
Aug. 8 . ‘ 50-45 3755 | 200 £4-45 o
22 65720 33-10 170 60735 36:20 | 345
Sept. 7 | es20 3130 250 IO o
S 5580 | 4080 340 - ‘
TABLE IIL
Composition of saps (pev cent.).
From refractometer readings.
} Healthy ‘ Spiked
Date { |7 - :
“ Water Solids ,' Water ! Solids
| ‘ R —
April 30 ‘ Brss | 176s | 845S 1582
!
May 8 R VO R (2 R
.22 w8235 1784 ‘ 8613 13:95
June 8 ‘ 85109 1510 | 8679 1335
o 22 ‘ 8230 | 1787 ‘ 8426 | 1589
July 9 [omz s .
| ;
» 23 I 8248 1778 | 8763 12:49
Aug. 8 J‘ 8603 1419 | ;
.22 o] 8452 1565 ‘ 87-07 13-02
Sept. 7 i 83-83 1832
o2 .1 s1es 18'56 ‘




Composition of Saps (per cent.).
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TABLE III A.

By evaporation method.

Water ; Solids
Date Ty T T
Healthy Spiked ' Healthy Spiked
1 ! ! "
2-5-28 | 8268 ’, 8484 | 1732 1516
22.6-28 J 8471 { 8533 ] 1529 w67
5728 | 5318 | 8791 ‘ 1682 12:09
TABLE 1V,

Freezing-potnt Depression. (8), Osmotic Pressure (P) and
Electrical Conductivity (K) in Healthy and Diseased Leaf-saps.

Healthy ’ Spiked
pate IS P |Ex10° ‘[15-%393 a P Ks | K20
‘ !
i110 .| 247 | 297 231 | 28
20 L1 230 | 276 218 | 282
30 | 275 | 330 | 2625 | os5 | 249 | 200 | 3190 | 1281
;8 o] 227 | 272 | 2100 | w65 | 21 | 254 | 3205 | 1560
22 | 23 | 292 | se0r | sz i 223 | 268 | 285 | 1251
e 8 ] 250 | 30 | 2521 | 1008 | z20 | 264 | 3517 | 1601
2 o zas L ooen | oo | o16 | 2ae | 282 | 277 | 11w
;e | 228 | 2ra | 2202 | 1003 .
23 .| 255 | 208 | 2633 | 1042 | 207 | 200 | 2820 | 1369
5. 8 .| 208 | 247 | 2204 | 1074 . .
22 ol 206 | 248 | 2338 | 135 | 1ot | 233 | 2439 | 1259
€7 d20n | 2a1 | s | 12a . -
21 | zan } o2s3 | mee | s
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TABLE V.

Py and Titration Values of Leaf-saps, Healthy and Spiked.

Litmus = Py 6°81; Phenolphthalein = Py 837 : 4 c.c. of sap was
titrated in each case against 0:966 N/ 10 alkali.

HearTHY SPIKED
Date R Phenol- . | Phenol-
Pro | el g | P I pros
April 10 564 183 469 “ 573 voe 3w
. 20 575 158 427 1 5 L 40
. 30 560 1-47 356 ‘ 567 28 | 3
May 8 565 190 450 | 585 112 ! 3:03
) 575 157 400 ‘ 583 133 340
June 8 560 206 ¢92 | 573 111 291
. 22 | s6s 160 420 ‘ 555 137 337
Tuly 9 [ sn 152 390 .
., 28 551 218 464 551 1-23 302
Aug. 540 210 449 1
. 22 535 217 441 519 180 393
Sept. 7 547 168 371 .
oo 540 1-83 e | .
TABLE VI.

Moisture-content of Healthy and Partially Spiked Leaves (per cent.).

Date
Healthy

Diseased

Date
Healthy

Diseased

101V
67-1
70°1

9VIL
66-1

2001V
658
693

23VII
67-1
722

301V 8V

69-0 68:0

69 2 697
&VIIT  22-VIII
657 69-4

719

22V

8VI
695 676

751 720

71X
67°5

211X
658

22:Vi

650
690



TABLE VII.
Ash, Ash-constituents and Total Nitrogen; Healthy (1) and Discased (D) Leaves.

Percentage on dry weight.

Ash 8i0, ‘ POy Ca0 K,0 Total Nitrogen
Date H D " p | a D H D l H D B D
! i o | o 0 | w0 | o - . . . . .
Apil 10| 1201 1 1625 008 | w1 ‘ 0 | 0w 376 0'83 197 201 235 421
. 20 5 1240 | 1925 29 596 044 0-59 350 122 2:57 374 2:99 371
. 50 | 136 | 2008 0-55 711 021 074 383 099 297 408 274 367
May sl w7z | 2w 052 549, 023 055 2:96 104 229 41 282 363
. 22| 1271 | 2656 069 | 1001 029 092 335 116 366 3.2 281 338
June 8| 1404 | 2504 062 843 045 065 321 1 1 302 384 291 327
" 2! 1By | o2ues 013 7'90 043 76 277 108 t 258 385 2:98 326
Tty 9| 1240 0'33 035 337 I 283 253
., .| 122 | mor 028 745 044 062 200 a8y | 355 | 304 2-86 342
August 8 | 1263 040 050 384 ‘ 322 270
. 2| 1312 | 192 051 773 041 076 284 090 | 2es 57 303 377
September7 | 1361 061 049 360 | 288 | 260
. 21 ] 1301 072 ; 045 342 | 2g7 | 2:83
. | ] <

10t
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The diseased tissues contained larger amounts of the total ash,
silica, potash and nitrogen while their lime contents were significantly
lower than those of the healthy ones, The higher ash-contentis to a
large extent accounted for by increased uptake of silica. Chemical
and histochemical examinations of the healthy-looking leaves of the
partially spiked trees showed that the former were identical with those
from the healthy trees.

TABLE VIIIL.
Sugars in Healthy and Diseased Leaf-tissues.

Percentage on dry weight.

Reducing sugars !

other than Cane sugar k Maltose
Date maltose
B ‘\ D H D ‘ H 1 D
April 10 0057 J 0083 0-239 0577 0506 0-620
20 0°197 i 0022 | 0352 0277 0081 0118
30 . Nl | N1 | 0277 0461 0366 0-248
May 8 " " 0062 0-120 0284 0-086
22 0013 3 0-052 0061 | 0078 0068
June 8 0-076 ” 0-284 0223 0170 0 263
22 Nil 0-066 0136 0203 0-301 0-055
July 9 ' - 0-252 0-260
23 » 0149 0-141 0-158 0266 0-012
Aug. 8 " 0177 0-342
22 W Nil 0234 0-390 0120 0-096
Sept. 7 i N 0054 0080
21 } ' | 0055 224

The starch and the hemicellulose contents of the affected leaves.
were invariably higher than those of the healthy ones. They also
appeared to increase with time.

The sap extraction figures shown in Table II do not exhibit any
significant difference between the healthy and diseased specimens.
The total dissolved matter, either from refractometer readings or by
evaporation method (Tables [Il and IITa) was less in the affected
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TABLE IX.

Dextrins, Stavch and Hemicellulose in Healthy and Diseased
Leaf-tissues.

Percentage on dry weight.

Dextrins as Dextrose Starch L Hemicellulose
Date. \ as Dextrose
H p | ® | b» | = | o
April 10 1-01 211 ] 041 064 553 I 658
,, 20 . 035 060 4 53 ‘ 626
oo 30 - 182 2'19 057 087 513 i 668
May 8 095 1-03 0.68 1-04 647 “ 778
” 22 1-60 170 058 087 6445 ‘ 739
June 8 033 0-86 014 069 552 : 808
' 22 . 915 022 025 160 7-98 ; 949
July 9 0-36 024 6-52 '
, 23 0-83 078 013 1-35 835 i 912
Aug. 8 0-69 0-09 662 ‘
. o2 .| 06D 049 009 334 so4 | o8
Sept 7 .| 071 005 . 58 |
L2l .| o6 008 625 )

specimens, indicating a diluted condition of the sap, and this is
confirmed by the freezing-point determinations.

The specimens having been taken from branches at similar heights,
the osmotic concentrations measured on the same dates were compara-
ble with each other, and showed (Table IV) that the concentrations
were invariably lower in the spiked than in the healthy specimens. In
contrast to this, the electrical conductivity figures for the diseased
specimens were higher than those for the healthy ones, pointing to a
higher content chiefly of dissociated ions (electrolytes) in the former.
It is possible that the higher value of the ratio K/4 in the affected
specimens indicates a greater power of absorption and retention mainly
of minerals, than in the healthy ones, as also suggested by the
heavier ash from the spiked leaves (Table VII).

The tissue-fluid reactions of healthy and diseased leaves (Table V)
varied only slightly from each other. The titration values either to
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litmus or phenoiphthalein were less for the diseased tissue-fluid,
indicating a lower buffering capacity than that of the healthy leaves.

The dry matter of the spiked leaf tissue was less than that of the
healthy one (Table VI). The extent to which photosynthetic or
respiratory activities are responsible for the diminution in dry weight
in both the tissue and tissue-fluids of the spiked leaf of the partially
diseased tree is a problem for further investigation. The diseased
material gave also a greater ash (Table VII) which was in some
samples over twice that for the healthy sample. The warious ash
constituents were higher in the discased leaf with the exception of
calcium which was much lower than In the healthy ones. The greater
ash was largely accounted for by the increase in silica.

In the healthy leaf there was generally more maltose and less cane
sugar than in the diseased (Table VIII), which contained more dex-
trins, starch and hemicellulose than the healthy tissues (Table IX).

There is some apparent contradiction between the present set of
data and an earlier one (/. [wdian Inust. Sei., 1928, 114, 93) for the
spiked specimens. In the present investigation these were drawn from
partially spiked trees, and in the previous one from completely diseased
saplings. In both cases the diseased samples were compared with
healthy ones. The chief differences between the data of the two sets
of spiked specimens were apparent in dry weight, sugars, ash and
some of the ash constituents. In the case of the tissue fluids the order
of the results was reversed. The only points of similarity between
partially and fully spiked trees were the increase in nitrogen and starch
values and diminution in calcium contents of the diseased tissues
compared with those for the healthy ones.

It is interesting to note that in both cases the rativ Ca/N was
much lower for the diseased leaves than for the healthy ones. Since
calcium is necessary for normal leaf development, and nitrogen in
large quantities induces vegetative growth, the ratio Ca/N, as observed
already, should serve as an index for the diseased condition of the
plant.  Diminished calcium is associated with reduction in the size of
the leaf and increased nitrogen with vegetative activity: deficiency in
calcium and increase in nitrogen lead to a restricted root development.
All these have been observed in the case of spiked sandal. Accord-
ing to Loew (. S. Depr. Agr. Bur. Plant Ind. 1903, Bull., 45) one
of the first disturbances when there is deficiency of lime in a plant, is
cessation of transportation of starch. Starch tends to accumulate in
the lower parts of the stem so that even its transportation from the
storage receptacle to the axial parts may stop ultimately. A histo-
chemical examination of the diseased twigs of a partially spiked tree
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showed a large accumulation of starch in the twigs and a small amount
in the diseased leaves. In the healthy leaves and twigs collected on
the same days, no such accumulation was noticed. In the healthy
branches of the partially spiked tree, there was no noticed abnormality
with regard to starch, nitrogen and calcium.

Except for the higher moisture-content in the samples examined
during August, a month that was wet and humid with a minimum of
bright sunshine, the effect of season on both healthy and diseased leaf
tissues and saps seems to have been almost the same. On the whole,
the chemical composition and physico-chemical properties of the sap
from the healthy leaf tended to vary within a limited range from a
mean value, while the corresponding data for the diseased one
changed steadily with the advance of the disease. It may there-
fore be inferred that the metabolic changes characteristic of the
different stages of the disease are determined largely Dby the progress
of time from the onset of the discase and are not much affected by
seasonal variations.

SUMMARY.

1. Tissue-fluid from the diseased leaves of a partially spiked tree
contained less dissolved matter than that from a healthy one. The
reaction of the former tended to become more acid, while that of
the latter remained about the same throughout the period of the
investigation. The osmotic concentration of the sap from the diseased
specimen was less than that from the healthy ones. The electrical
conductivity of the sap from the diseased leaf was generally greater
than that from the healthy one and tended to increase with time.

2. In the diseased tissues greater moisture, ash and nitrogen,
with less calcium than in the healthy ones, were noticed. The ratio
Ca/N was markedly lower [or affected than for healthy tissue.

3. Season appeared to have had a similar effect on the chemical
composition of leaf tissue and on the chemical composition and
physico-chemical properties of leaf-sap in health or disease.

Department of Bio-Chemistry,
Indian Institule of Sctence,
Bangalore,
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