[L.—CONTRIBUTIONS TO THE STUDY OF SPIKE-DISEASE
OF SANDAL (SANTALUM ALBUM, LINN.). PART VIIL

Chemical composition of tissue fluids from the leaf.
By M. Sreenivasaya and B. N. Sastri,

The tissue fluid of a living plant represents its dynamic or physio-
logically active component, while the residue is composed of the static
reserves incorporated with the inmert structural units of the plant.
Specific alterations in the composition of animal bloed are brought
about with the progressive onset of specific diseases and are often
utilised to diagnose and determine the stage of the malady. In plants
also marked changes may be expected to accompany the pathological
state and a means may thus be found to recognise plant diseases by
a biochemical analysis of its tissue fluids long before the external
symptoms manifest themselves.

In some diseases prominent changes may take place in leaf tissue,
while in others there may be profound disturbances in stem or root.
The type of the main metabolic disturbance in the plant may vary
with the nature of the disease. In some cases it is the carbohydrate
metabolism that may be disturbed, while in other instances the nitrogen
or mineral nutrition may have to be considered. In devising methods
for diagnosis and for following the progress of plant diseases, it is
therefore essential to consider (1) the choice of a suitable tissue that
is most affected and (2) the type of metabolism that is most disturbed.

While the changes revealed in the tissue are specific, it should
not be overlooked that the causal agency may lie in a different tissue,
remote from that under examination, or may even be located externally
to the plant. The biochemical changes effected in the diseased tissue
fluids are therefore secondary in character, and a closer knowledge of
these changes is essential for effectively combating the disease. An
attempt has been made to analyse the tissue fluids of sandal in health
and disease,

MATERIALS AND METHODS.

The material was collected periodically from two areas, Uttara-
halli and Ragihalli, and a full description of its collection, storage,
transport and treatment in the laboratory appears in our previous contri-
butions (/. Zndien Inst. Sci., 1928, 11A, 23). The expressed tissue
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Auid was centrifuged at 3000 r. p. m. and the clear centrifugate used
for analysis. Aliquot portions were used for the determination of
total solids, ash, total nitrogen and reducing sugars. Phosphorus and
calcium were determined in the ash by the official methods of the

A. O, A, C.

TABLE I A.

Vield of tissue flutds from leaves (Uttarahalli).

Percentage yleld on weight of green material
Date
Healthy Spiked Difference
27—4-—27 540 413 + 127
16~6~27 67°1 566 + 105
5—8—27 632 545 + 87
20—4—28 490 467 + 23
30—4—28 606 57'5 + 31
85~ 28 624 616 + 08
22—5—28 62'5 654 - 29
8—6—28 570 627 - 57
22—6~-28 498 56-0 - 62
9—7—28 571 549 + 22
Mean 582 557 + 25
TABLE I B.
Yield of tissue fuids from leaves (Ragihalli).
Percentage yield on weight of green material
Date

Healthy ’ Spiked Difference

8—7—27 637 571 + 66
22—7—27 504 52-2 - 18
29727 555 | 473 + B2
Mean 565 ! 522 + 48




241

TABLE 1I A.

Grams per 100 c.c. of tissue fluid (Uttarahalli).

Hearrev SEIEED
Date .
N : Per cent. of |, P t. of
Total solids Agh ash in solds|Total solids Ash as%r 1‘:‘;0“ ds
19--5—-27 13-13 221 1678 1379 2:20 1599
16—6--27 10-53 1:93 18-35 12 23 1-45 1183
23—6—27 11-33 2:04 17-66 10-21 152 14 84
15~7—27 1220 182 1575 12-24 166 13-53
5827 1339 2:91 2172 1284 198 1541
18—8—27 15436 362 23-54 14-07 2:26 1603
15—9—27 13:39 2:91 2172 12:84 198 1541
27-10—27 1679 363 21-64 14-92 218 1457
9—1—28 1587 371 23 64 1638 212 1293
11—4—28 17-72 4+46 2566 1431 2+41 16°84
20—4—28 2020 4-53 22 42 17:40 377 21-66
30—4—28 1589 359 2257 14-61 308 2106
7—5—2 17-67 3-73 2112 13 20 294 22°27
22—5—28 16-42 383 23-32 1306 342 2620
§-—6—28 2125 4-58 2155 13 43 338 2518
22—6~-28 17°48 379 21°65 1552 2:89 19-25
Mean 333 . . 746 | ..
Standard !
deviation ... 028 +0°22 ! -
TABLE 11 B.
Grams per 100 c.c. of tissue fluid (Ragihalli).
Heartay | SPIKED
Date
: Per cent, of Per cent. of
Total solids Ash ash in solids| Total solids Ash ash in solids
8—7—27 10-80 1-76 16-18 14-95 152 1015
22—7-—27 10°36 228 13:94 1924 142 738
29—7—27 19-57 3-06 1564 22°55 1:80 797
11—8—27 16-09 211 1310 20°10 196 975
§—0—27 1962 346 764 19-95 148 743
14-10—27 18-81 354 18-81 21:90 1-55 7°07
7-11—27 20 92 3-90 1665 1892 157 831
15—6—28 1671 272 1627 1736 70 981
Mean s 2:85 . - 162 e
Standard
deviation ... . +0'26 “ - 021
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TABLE III A.

HRALTHY { SpIRED
Date
“Total N P,0x | Ca Taotal N P,0; Ca
19--5—-27 395-2 841 5176 8I'1
16~6—27 3573 52:3 300°5 6597 893 1265
23827 405°1 881 290-0 4967 1201 2265
15—~7-=27 3791 104 5 2547 5339 1374 87-3
5—8-27 429 1 " 5464
18~8—27 4508 748 257°5 4530 110°5 52'5
15~9—27 342 0 1035 165-0 3626 1660 107°5
271027 3058 5129
9--1—28 408-4 5852
11—4—28 332'8 1778 4620 6237 191°8 142:9
20428 466 6 1584 7500 6594 3646 1540
30—4—28 400 1 1282 6340 6162 2360 1540
7-~5—~28 3284 18771 668-0 542-3 256'0 1180
22—5—28 3272 1027 558+0 543-8 2310 1540
8628 246°8 842 940-2 499-9 94-9 1207
22628 3071 855 5404 464'7 968 968
Mean 367'8 11047 485:0 5386 167:3 1283
Standard
deviation ...| & 572 * 411 £ 200°1 & 76'2 + 81'4 + 41'6
!
TABLE III B.
Milligrams per 100 c.c. of tissue fluid (Ragihalli).
HeAarLteY SPIXED
Date Fotal
gt P,0, ca, | To P,0, Ca
8727 2156 1463 316-1 490
22—7—27 1350 862 389'8 . 638
20—~7--27 1355 122-4 12107 377°5 1120 664
11—-8--27 174°2 955 90'9 2940 29'5 514
8-—-8-27 1666 104'0 3702 964
14—10~—27 140-0 116'3 1314 344-9 83-3 48'9
7—=11-27 1780 e 253 9
15—5—28 62°7 2386
15—6—28 271 106'7 1659 5616 839 91-3
Mean 164:3 1089 1237 3496 82:0 626
Standard
deviation £ 548 +04 +284 4904 +280 £152
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TABLE IV A.
Milligrams per 100 c.c. of tissue fluid (Uttarahalli).

Healthy Spiked
Date :
Reducin, ing |
P garsg Sucrose Maltose Rseg;:gg ! Sucrose Maltose
23- 6-27 45-0 1354 ’ 2017 1 2898 l 3375 1913
27-10-27 205 500-4 1250 160°5 604°3 2875
9- 1-28 ! 510 3155 287-0 220°5 537-8 450'0
TABLE IV B.
Milligrams pey 100 c.c. of tissue flusd (Ragihalli).
‘ Healthy Spiked
Date . ' : 5 : T
R?&;;;;g l Sucrose ‘ Maltose Res?é{:rnsg ) Sucrose Maltose
8- 7-27 177:7 2910 478 5 2100 1635 528-7
22- 7-27 2100 305-0 920°0 3380 180-0 360 0
14-10-27 l §75'0 7050 1u7-s 2650 870'0

DiscUSSION OF RESULTS.

Table I gives the percentages of the tissue fluid that can be
expressed under definite standardised conditions and calculated on the
weight of the green material. In the majority of cases, healthy leaves
yield higher percentages of fluid than spiked leaves and the mean value
for healthy is higher than that of spiked.

The total solids and ash per 100 e.c. of tissue fluid, with percentage
of ash on the weight of the total solids, have beentabulated in Tables I1 A
and B. It has been pointed out that, especially in view of the parasitic
nature of sandal, it is misleading to compare the samples brought from
one area with those of another. We have accordingly divided the
results under two heads and comparison of the tables does not indicate
any consistent variation in the total solids; but there does exist a
remarkably striking uniformity with regard to the lower ash in the
tissue fluids of spiked leaf. In the case of the Uttarahalli area, the
average ash of healthy leaf fluid is about 30 per cent. higher, while the
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correspending figure for Ragihalli is 75 per cent. The differences in
this respect are more pronounced in the Ragihalli samples.

Table 111 gives the values for nitrogen, phosphorus pentoxide and
calcium, calculated in milligrams per 100 c.c. of the tissue fluid,
Nitrogen is high in the case of the tissue fluids from spiked leaf, while
calcium is low. The mean value for nitrogen in healthy leaf is 3679
while that for spiked leaf is half as much again. Calcium in healthy
leaf is nearly four times that of the spiked leaf fluid in the Uttarahalli
area. In the Ragihalli area, the mean nitrogen value of spiked leaf
is a little more than twice that of healthy leat fluid, while the calcium
value for spike is half that of healthy. The phospborus pentoxide
values by themselves are not very significant, but when combined
with other values, as will be shown 1n a later communication, the
results attain great importance.

Tables IV A and B give the direct reducing sugars, as well as
sucrose and maltose, in 100 c.c. of the tissue fluids. It is seen that in
most of the cases, there is higher concentration of these in the diseased
tissues.

SUMMARY.

The tissue fluids derived from the healthy and diseased sandals.
have been examined for their content of total solids, ash, nitrogen,
phosphorus, calcium and sugars.

A lower ash, a higher nitrogen, a lower calcium, a higher maltose
content and a higher content of reducing sugars characterise the tissue
fluids of the spiked leaf.

Our grateful thanks are due to Prof. R.V. Norris for his many
helpful criticisms.
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