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Reference to Blast Disecase *
by
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Iﬂt:uduc[mn The blast. disease caused by the fungus Piricularia
Oryzae is the most serious disease of the rice crop, bub is pmmlent only
on cerain strains of paddy while others are immunc to it. “Hence the
effective control of the disease at present is only through the use of
resistant strains. . Among the Madras strains, Co, (Coimbatore 4) is Inghiy
resistant even under worst conditions while the variety Adt-m (A{luthuml 10}
is highly susceptiable to the disease. - The latter strain is however a high
jfmldar and hence very po]_:lular in the Tanjore Delta,

In modern times mth the advancement of sciénce many of the
characters such as resistance and other factors-which are indisscluble
Mendelian factors of inheritance, located in the ‘genes of chromosomes
have been ezplamad through enzymology in terms of certain set chemical
reactions resulting in definite chemical compounds, Hence thisinheritance
of resistance to blast, located in specific strains were aimed to be studied
in terms of possible chemical constituents in the strains which bestowed
on the strains the disease resistance,

A perusal of literature on the subject of disease resistance in general
and with special reference to paddy, -blast revealed a considerable volume
of experimental evidence in favour of a plausible relationship of silica in
the plant to disease resistance. Thus Onodera (1), Miyake and Adachi (2),
Kawashima (3), Ikari and Kubota (4), Miyake and Ikeda (5), Ito and
Hyashi (6) have all correlated gilica in the rice plant to blast resistance.
Suzuki (7) examining through a microscope the cross sections of the leaves
and pedicels of spikes of the rice plants recognised that the outermost
layers of the epidermal cell walls contained great amounts of silica and
that these silicated cells were greater in the resistant variety than in the
susceptible one, '

A preliminary study conducted on the anatnmmal and chemieal
aspects taking pre-harvest samples of plant material belonging to the
varieties Co, and Adt,, growing under identical conditions Tevealed the
following features : — |

1. Anatomical Studies: A number of epidermal peelings of lgaves
and stems ab the neck of earhead of the two varieties obtained I:-y
macerating the tissue with concentrated nitric acid and potassium chlorate’
(a.a bleaching agent) were axammed under the microscope and were found
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Lo exhibit: extensive silication in the form of short and long cells. These
silicated epidermal cells were easily detected under the microscope when
stained with phenol or chloriodide of zinc and were found tb be greater
per anit area of Carl Ziess 740 in the resistant variety Co, than in the
susceptible one Adb, Plates I to IV show the nature of Elhcﬂ.tﬂd cells
in the leaf and stem api&ermis.

2. Chemical Studies: Chemical analysis of leaves and stems for
silica content showed that the susceptible variety contained more silica
than the resistant one,

Thus while the findings of the anatomical studies made on the
leaves and stems were in line with those of the Japanese workers, ihe
chemical analysis gave results of a contradictory nature. Hence it was
decided to study in detail the intake and distribution of silica in'the two
varieties of rice plant,

Material and Method: The rice plants were raised in pots and the
two series of pots viz, Co, and Adf,, were maintained under identical
conditions of irrigation ete,, -

 Chemical Analysis: Samples of plant material viz., leaves, stems
roots, paumlea and whole plants, were collected at dlﬁarent- stages of
growth and were analysed for dry matter, ash and silica, Estimation of
gilica was done using hydrofluoric acid on the sulphated ash. '

Discussion of results: The results of analysis of the planis and
plant paris of the varicties Co, and Adt,, sampled at differenv stages of
growth given in table I present the following features -

1.. General : There is a confinuous absorption of silica during
the life of the plant upto the grain formation stage after which the
absorption ceases. The leaves and stems attain their maximum silica
content by the time the flowering has taken place and the grains begin
to set.  The panicles show an increase in silica content even after grain
formation stage and there is a coincidental fall in the silica content of
leaves and stems. Thus there is a certain amount of evidence of
movement of silica from one part of the plont to another. The results of
analysis of roots are irregular especially in the case 6f Adt,, at flowering
and this is reflected in the whole plant analysis,

2. Silica mntent ‘of leaves, stems elc, with refe:ence to resislance
to blast: YWhen the silica -content of leaves and stems is expressed as
percent of agh, dry matter or green matter, the resistant varicty does not
show higher value than the susceptible variety, especially after the plants
have come to maturity as was glso observed in the preliminary studies,
The results of analysis of whole plant sample show that the plants
sampled af tillering stapge show preuter silien content in the resistant
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variety than the susceptible variety. Thus while there-is an. mdlca.txon‘-
of the resistant variety having more silica than the susoephble varie‘ty_
when the plant as a whole is considered during the vegetative phase, thc;
analysis of leaves and slems after the plants have come to mat.unty, do
not show greater silica content in the resistant varicty than. in- the
susceptible one.

TABLE 1. Show:ng the silica content in leaves, stems ete. of the
varieties Co, and Adt, at different stages of growth

(Percontages)
SILICA CONTENT .
Matorial - ' -~
analysed and Dry .- Green
stago of Aslh basis '\Inbtor basis ~ Matter basis
growth : — —
. Co, Ad_t'-x_o Co, Adth‘ C_:o{ . .-\dbm
1, Lewves: ‘ AT
(a) Mature Plant Stage 5502 G4'46 1086 1070 - 314 - 297
(b) Tlowering Stage 6358 6822 1276 16'48° 373 441
(¢) Grain formation ,, 6376 7134 12:16 1852 4-30 581
(d) Harvest oo 5711 60°16  11'24  12:12 411 4-32
2, Stem: . .
(a) Mature Plant Stage . 3078 3787 571 818 097 1-26
(b) TFlowering " 4809 G50-22 8-09 12+45 165 205
(¢) Grain formation ,, 48'8¢ 5019 832 1333 2002 293
(d) Harvest {3 4788  b0,06 797 10714 108 222
3. Panicles: ' : '
(a) Tlowering Stago ,, 5309 6572 410 819 - 1'13 214
(b) Grain FFormation Stago T6:37 TV 47 047 833 54 504
_ {e¢) Harvest " 8281 7973 1717 1132 1228 906
4, Rools: ) ,
() Maturo Plant Stage 10 69 5'55 1'50 076 030 016
(b) I‘]oweuug 2020 3040 305 4-37 066 083
() Grain Formation Stago 40087 2372 546 447 090 0738
(d) Harvest Stage 3576 3808 523 579 082 091
6., Whole Plants: - .
(a) Boginning t0 tiller .33» 3128 2420 507 427 079 058
(b) Mature Plant Stage . 37°82 43°69 6-20 8900 . 123 164
(¢} Tlowering Stage 52°78 4862 045 8 99 169 1-66
(d) Grain Formation Stage 53'83 5054 Owd 15707 . 280 2:05
TABLE II. Showing intake of silica during different perxods of
. growth as percent of total intake
(Calculation based on silica on ash figures in table I)
Leaves Stoms - Panicles
Co, .Adt, Co,  Adt J_C‘o‘ Adt,,
I. Upto Maturity . ee 803 763 630 754 —_ -
Maturity to flowering .. 134 10-0 354 240 #8641 8§2-4%

3, TFlowering to grain ‘ ¥
formation .. 03 44 16 Nil 281 147

4, Grain formation fo,

harvest «+ - Nil Nil N’nl Nil 78 29,

*Represonts silica content at flowering as percont of total intake.
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3.. Intale of silica during critical periods of vulnerability of the
~plant parts to fungus allack ewpressed as percent of total intake: The
- eritival periods of vulnerability to attack differ with the different parts of
"“the plant, Thus during the early stages of growth of the plant the foliage
is'more exposed to fungus attack than the stems, the latter being covered
by leaf sheaths.  The time when the stem is really and badly exposed to
attack is when it emerges through the flag leaf bearing the earheadi. e,
at the time of flowering. At that time the stems are nof only well
exposed but are also very juicy conducting nutrients to panicle. Thus
under actual field conditions we find that the stems mainly suffer the
fungal attack at the neck of the earhead (portion below earhead) at
flowering stage while the foliage are attacked much carlier, even {rom the
nursery stage. Hence it would be but right to find out if there is any
correlation of silica intake at these critical periods with the resistance of
the plant td disease, Table II gives data pertaining to this. It is found
from the data therein that a definite correlation does exist between the
rate of intake during the ecritical periods of vulnerability to attack and
the resistance. Thus we find during the vegetative stage when the leaves
are more exposed to abtack the intake of silica in leaves is greater in the
resistant variety than in the susceptible one (86% of total in Co,; 769 in
Adt,). The variety Co,is a longer duration one (180 days) than Adt,,
(165 days) and the more rapid intake of silica is not a function of an
enhanced rate of maturation processes. Again from maturity to flowering
when as mentioned before the stem is more exposed to atback, the intake
by this part of the plant is greater-in the resistant variety than in the
susceptible one (35% in Co,; 25% in Adt,,). Tt is similarly high in “the
panicles of the resistant variety from the flowering stage to harvest. The
panicles of the resistant variety show greater intake than the susceptible
one (35 9% in Co,; and 17-6% in Adr,,). Thus, while the silicain the plant
whén considered as mere total contents at a particular date does not give
a correct indication of the role of silica in the resistance of the plant to
disease, the representation of the intake during the critical periods of
vulnerability to fungal attack expressed as percentage of total intake
“gives the correct picture.

TABLE III. Shewing the dry matter percentage, in leaves, stems etec. at
different stoges of growth

Leaf Slem Panicle Root

Co, Adt, = Co, Adtrlq Co,  Adt Co, ~ Adb

Stages of growth

1. Moturcplants 2898 25'84 I6UZ 1508 — — 20030 19°50
2, Tluwering o997  26°74 1716 1646 2708 26°13 1060 1804
‘3. Grain. .

formation 3540 01-30  24:30 2200 6002 GUST 1638 1736
4.

. Harvyest a0:68 49573 2084 2184 TR0 700U 15°0R 1603
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4. Presenlalion of silica on surjace area basis - in leaves:!
Another interesting feature is pmﬁentnd hy the data of dry ma.btm tentﬁmﬁl’
of tlie parls analysed as given in table IIL. Itis seen Irc-m the: da.’crur in
this table that at all slages of growth, the leaves, stems ote.,. show'a
greater dry matier percent in the resistant variety f.-r:.- than' in t-he
pusceptiblo one Adt,,, exceptions being very few, notmﬂd in. J:m:-ts und
panicles only. The greater amount of dry matter in Jeaves, abemsﬁetc.,
of the variety Co,, it was speculated would mask the resulis.of analyq:i_s
for siliea when represented on the basis of weight. - If this be acceded; the
presentation of silica on the basis of. the area of the sarfaceon which /it is’
distribated would give a better picture of silication, as silica is mostly
confined to the epidermal regions, To confirm this, a study was made on
the leaves of the two varieties collected at harvest atagp

Two sets'of 50 leaves were collected for each of tne vwo varieues
from the bulk sample used for chemical studies. Every 10th or: 15th leaf
from the bulk was taken according to the size of bulk. The surface area
was measured by using a planimeter on the outlines of leaves fraced on
tissue paper. Silica was estimated as usual after drying the materinl and
the results expressed on area basis. The results are given in table IV,

TABLE 1V. Showing silica in leaves represented on area basis

- E=xperiment T Experiment II
No. Particulars
_ {.‘ru; Adf-m ) Gﬂ‘- Adt .
1. Green weight of 50 leaves in grams 23-1390 18 1630 . 22-95560 | 17°6310
2, Dry waight " . B 4650 6.4050 84404 61240
3. Ash weight 1-5810° 1*3780 1'5770  1+2880
4. Silica in 50 leaves in mllhgrams 052 0 T84 0 2400 ¢ Fi20
5. Total surface area in sq. om. 2742 - 2472 25344 ° 2420
0. Biliea per 100 sq. em. of leaf surface . e g
in milli grams 34 85 81-85 3660 3070
7.

Silica as percent of dry matter 11:25 12-12 11-95 12:12°

It is seen from the -data given in table IV that the differences in
green weight, dry weight and ash weight is considerable in the two
varieties, Co, showing higher value than Adt,,. It is also seen that the
gilica content per unit area is greater in Co, than in Adt, .~

Conclusion: 1. Chemical analysis of leaves and stems sampled at
different stages of growth show that the silica content when represented
on the basis of dry weight, green weight or ash weight béars no correlation
to the resistance of the plant to blast i. e, the resistant varicty Co, does
not show higher silica content than the Buaueptih]e_an_e Adt,,. Howaver,
when the silica intake in leaves, stems and' panicles during .the critical
period of vulnerability to fungal attack is expressed as percent of total
intake, there is_a direct correlation between silica. and resistance,
the resistant variety Co; showing greater intake than- “the Buscaptibla

variety Adt.
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2. The ecmpututmn of silica on tlm basis of surface area, based on
_Ghemmal analysis, gives a betler picture of the silica distribution in the
different parts of plant than wlien represented on the basis of weight and
this is'in‘ line with the observation made in the' anatomical studies in
whieli the resistant variety showed more silicated cells.

3. Hence it is evident that consideration of tubu,_l silica does not
“wive the correct picture of the role of silica in the resistance of the rice
plant to blast disease. But from this study it was established that the
rate of absorption of silica by the plant parts during the ecritical period of
vulnerability to fungal attack is the factor which decides resistance or
Euacﬁptlbillty of a rice variety.,

. Summary : - Th# blast disease on paddy caused by the fungus
Piricularia Oryzae though the most serious disease of the rice crop is
not prevalent on-all strains of paddy. Paddy strains like Co, are
completely immune to it. It was sought to find out criteria of a chemical
mnature that would indicate resistance or susceptibility. A perusgl of
literalure on the subject showed all evidence in favour of silica as the
factor responsible for resistance. However, preliminary chemical
analysis of plants of the resistant variety Co, and a susceptible one
Adt,, showed no greater silica content in Co, than in Adf,, though
the anatomical studies on the epidermal peelings of Jeaves and stems
showed greater number of silicated cells in Co, than in Adf,,, Hence,
a detailed study on the intake of silica by the two varieties was taken up.
Plants were raised in pots, Chemical analysis for silica content was
done on leaves, stems, ete.at different stages of growth and the resulis
espressed as (i) total intake at different stages on the basis of dry matter
weight ete., (ii) intake during critical perieds of wulnerability to fungal
attack as percent of total intake and (iii) silica content on the basis of
surface area of leaves, The following conclusions were drawn:

_ .. The ‘II;ntn! intake of silica by leaves and stems is not corre-
lated with the resistance to disease.

2. The intake of silica during the critical period of vulnerability
of the plant to fungal attack is directly correlated with the resistance
to disease, the resistant variety showing more of intake than the suscep-
tible one.

3. Silica as assessed on the basis of arca instead of on dry-
matter basis gives a better picture of the distribution of silica in the
leaves and confirms the findings made by the anatomical studies in which
greater number of silicated cells per unit area was observed in the
resistant variety than in the susceptible one.
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Recent Advances in Agriculture with Special
‘Reference to Weed Control

by ~
T. R. NARAYANAN
Plant Physiologist, Agricultural Research Institute, Coimbatore
\

Introduction: Taking “recent’ to mean within the past ten years,
a number of new developments can be enumerated as constituting
advances in the field of agriculture. But from the view-point of plant
physiology, these developments can be narrowed down to just three or
four, viz,, in the field of plant nutrition with special reference to micro-
nutrients, photoperiodism, hydroponies, dormancy and growth-hormones.
The last one is perhaps the most outstanding, but witlin the scope of
this paper it is proposed to discuss only a single aspeet of growth
hormones, namely their®potentialities as weedicides,

#Papor road at the 1954 College Day and Conforoneo’ Symposium’ on ** Roceut
Advances in Agriculture,”



