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Editorial

Atom and Agriculture: With Einstein propounding E =m¢?
the atomic age came into being and Hiroshima had the first
impact. This installed the era of terror and competitive re-
search in weapons of destruction. But very soon people realised
that mere creation of new and terrifying weapons of war to make
mankind cower and shake in fear is not the be all and end all of the
“Atom”, The fact that the “Atom” can become one of man’s
servants is now admitted on all sides. “To hasten the day when the
fear of the “Atom” will begin to disappear from the minds of people
and the Governments of the East and the West ” has now become
the keynote of the policy of responsible Governments. The United
States of America has consequently developed an Atom Pool Plan
recently. This plan proposes to accelerate the peaceful uses of the |
“Atom,” foster dissemination of atomic information and enccurage the
acquisition of new fundamental data and theory. India too, is not
lagging behind as is.evident from the recent promouncements of our
Prime Minister Pandit Nehru this month in the Lok Sabha that he
proposes to call for a conference in Delhi some time in November
this year, to study the possibility of using atomic energy for
peaceful purposes.

It is agreed all around that there will be no lasting peace even
with the atom and hydrogen bombs, until such time as conditions are
so improved as to provide all the people of the world with a diet
that is adequate for health and well being. As pointed out by
Dr. Kesteven of F. A. O. with 68,000 extra people to be fed every
morning we have to seriously think of utilising the * friendly atom .
Governments of all countries being alive to this, the time is not far
distant when the “Atom” will be utilised for Industry and Agriculture.
But how is this “Atom” going to be harnessed for peaceful needs ? The
initial attempts in the utilisation of atomic energy has been directed
towards the production of abundant electrical energy. This requires
that the fission reaction be made to proceed slowly under control and
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not to liberate the energy, in a millionth of a second as in the atom.
bomb. This is certainly possible. By this the atomic fuel would pro-
vide three million times as much energy as the same weight of coal,
If therefore, this transformation of atomic energy to electrical power
could be done in power starved areas of the world, it would
revolutionise farm power in agriculture.

In the United States, the Atomic energy Commission is
supporting several schemes which have revolutionary potentialities of
producing bumper crops unheard of before. The new process of
obtaining both phosphatic fertiliser and Uranium from the Florida
pf)osphate area is another achievement of the Atomic Energy
Commission. Since World War II, thexman hour requirements for
growing 100 bushels of wheat have been reduced from 41 to 31in
U.S..A. For thefirst time in the annals of our country radio active
isotopic material made available through the Indo-US Technical Aid
Programme is being utilised at the Indian Agricultural Research Insti-
tute, New Delhi for studies in crop nutrition. Provision is also made
for a central tracer laboratory for study, through tracer technique, the
exact path of the metabolism of the different nutrients. Radio
active phosphorus, as applied through phospbatic fertilisers, is first
taken up for study. The other plant nutrients, nitrogen and
potassium, would be studied subsequently. This new techrique is
bound to divulge hitherto unknown agricultural information.

At the Atomic Energy Commissions’ Long: Island Laboratories
near New York, many plant mutants with promising yield
characteristics, have been developed with radio active cobalt. Through
atomic radiation disease resistant strains of crops are reported to
have been evolved. Tuber crops like potatoes are preserved for over
two years through the use of atomic radiation. Pesticides and
fungicides also come under the scope of development through the use
of radio active isotopes, which track down the exact path of the
chemicals in destroying the pests. Therefore, much scope . of

advancement in Agriculture is possible through the use of the “Atom”
in the near future.



Recent Developments in the Chemotherapy of
Plant Diseases *

by
G. RANGASWAMI
Institute of Microbiology, Rutgers University, New Brunswick. N. J., U.S.A.

Introduction: The search for chemical substances to control plant
and animal diseases started as soon as the microbial nature of the diseases
was established early in the nineteenth century. ‘At present several
chemical substances, both inorganic and organic, are being used for
combating these diseases. But the study of plant chemotherapy i.e. the
treatment of plant diseases with- chemicals which act within the host
plant is a relatively recent subject and more and more attention is being
paid to it at present in the United States of America and in England.
An attempt is made here to bring together the latest developments and
findings in plant chemotherapy.

Mode of action and the method of application of chemotherapeutants :
It is generally understood that the symptoms of plant diseases are brought
about either by the direct action of the pathogen on the host or from the
host’s reaction to the toxins produced by the pathogen. As a general
rule the food supply available inside the plant tissue does not meet the
specific requirements of the pathogen and so the establishment of the
organism inside the host is prevented unless the host is susceptible to the
specific organism. But in some cases the presence of fungistatic and
fungicidal chemicals within the host tissue offers a natural resistance for
the plant. The presence of protocatechuic acid in the scales of onions is
a ready example. The object of chemotherapy is to introducé€ into
the plant system some chemicals which can bring about fhe resistance
or in other words immunize the plants égainst certain phytopathogens.
These chemicals are known to act at’least in two different ways: (1) by
direct action on the pathogen and (2) -by antidoting the toxins produced
by the pathogen. - Again, there are more than one way by which these
effects are brought about by these chemicals. Some of them like
hydrogen sulphide and hydrogen cyanide gases when applied externally
are known to penetrate deep inside the host tissue and check the spread
of the pathogen after it had entered the host. In this case the chemical
is known to be a topical chemotherapeutant. When the chemical,
applied to one part of the plant, diffuses to the other parts and arrest
the pathogen or antidotes the toxins produced by it, it is known as a
a systemic chemotherapeutant. In a few cases the chemical may change
the degree of resistance of the host to the pathogen by bringing about a
change in the metabolic activity of the plant.

* Paper yf)resented for the 1954 College Day and Conference Symposium on
““ Recent Advances in Agriculturs ™,
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There are several ways by which the chemqtherapeutants are
introduced into the plant system of which injection and translocation,
soil treatment and root absorption and foliage application and leaf
absorption are the important ones. Injection of the chemical into the
stem was one of the common methods used by earlier workers, but in
recent years the other two methods are reported to be more useful. In
the case of Dutch elm disease” it was found that when 8-guinolinol
benzoate was sapplied to the roots, there was better control than when
injected into the stem, the chemical injected into the stem was trans-
located readily in the longitudinal direction, but the radial and tangential
transmission was very poor (Dimond et al 1949), Similar results have
been reported for the bacterial blight of beans and X.disease of peach.
There is enough evidence to show that the chemicals applied to the leaf
surface are absorbed by the leaf and transmitted systematically, but the
degree of é,bsorption may vary with the. chemical’as well as the plant,
Perhaps soil application of the chemical is the easiest and the best method
but it has been found that many of the chemicals are less stable in the
soil, thus warranting a serial application at periodical intervals. It is also
known that certain chemicals and antibiotics lose their activity inside the
plant which may be due to slow break down or dilution of the chemo-
therapeutant due to the effect of the growth of the plant. So the
treatment in such cases may have to be repeated at closger intervals,

Most of the chemothrapeutants are known to be quite effective
even in very small doses and it is more so with antibiotics which are
effective at doses below [:10,000. Some of them have been reported to
be phytotoxic at higher levels, but the nonphytotoxic dosage, the time
and frequency of treatment etc., are details to be worked out for a given
set of conditions.

Organic Compounds as Chemotherapeutants: Several organic and
inorganic compounds have been tested for their chemotherapeutic value
in plants against fungal, bacterial and virus diseases but only a few of
them were found to be effective. Some of the important diseases which
have been successfully treated by the chemicals other than antibiotic
substances are listed in Table 1.

Antibiotics as Chemotherapeutants: Of the more than one hundred
antibiotics so far reported to have been isolated from microorgaisms, only
a small number has been tested in plants and among them only a few
have been reported to be useful as chemotherapeutants, The action of
antibiotics against plant viruses is at present a controversial topic as some
workers believe that the virus principle is inactivated by the antibiotic as
indicated in the in vitro experiments and others believe that they bring
about a change in the host tissue resulting in the resistance of the plant
to virus infection. The important fungal, bacterial and virus diseases of
crop plants controlled by antibiotic chemotherapy are given in Table II.
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Discussion: Though the chemotherapy of plant diseases is known
to be one of the most important methods of plant disease control
particularly so for systemic diseases, comparatively little attention has
been paid to it so far. Perhaps this is due to want of sufficient knowledge
on the chemotherapeutic agents and also phytotoxic nature of those known
to be antimicrobial. Further the translocation of the chemicals introduced
into the plant is brought about mostly by osmosis and is very slow as
compared t0 the translocation in the blood stream in animal which is more
conducive and effective in combating pathogens. With the increasing
knowledge on the chemotherapeutic value of some of the organic
substances and the etiglogy of the disease more and more attention is
being paid to overcome the obstacles observed in previous years. More-
over it has been recently observed that some of the chemicals which did
not show much antimicrobial property in vitro proved to be quite useful
as chemotherapeutic agents. Davis and Dimond (1953) found that the
plant growth regulators, 2,4.D, g-naphthalene acetic acid and indol-3-
acetic acid, which had relatively low fungitoxicity in viiro when applied
to the tomato plants four to ten days prior to inoculating with Fusarium
ozysporum, the wilt disease was reduced or prevented. A change in -the
host metabolism showing reduced sugar content of tissues was recorded.
The longer the interval between treatment and inoculation the more
potent was the chemotherapuetic effect. Gupta and Price (1952) obtained
similar results when the culture filtrate of T'richothecium roseum was
tested against Southern bean mosaic. These findings have opened a new
-line of approach in chemotherapy of plant diseases, wherein it is required
to test all chemicals for activity irrespective of their antimicrobial property
in vitro. In this connection one import2nt precaution tc be observed is
to see that the quality of the produce is not adversely affected by the
chemotherapeutants. It is hoped that a vigorous approach from’ the
biological as well as chemical aspects of these complicated problems is
bound to yield better results.
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The Intake of Silica by the Rice Plant with
Reference to Blast Disease *

by
S. VENKATACHALAM
Agricultural College and Research Institute, Coimbatore

Introduction: The blast disease caused by the fungus Piricularia
Oryzae is the most gerious disease of the rice crop, but is prevalent only
on certain strains of paddy while others are immune 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 highly
resistant even under worst conditions while the variety Adt,, (Aduthurai 10)
is highly susceptiable to the disease.  The latter strain is howevér a high
yielder and hence very popular in the Tanjore Delta.

In modern times with the advancement of science many-ef the
characters such as resistance and other factors which are indissoluble
Mendelian factors of inheritance, located in the genes of chromosomes
have been explained 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 Mast 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 silica in the rice plant to blast resistance.
Suvzuki (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
suseeptible one.

A preliminary study conducted on the anatomical and chemical
‘aspects taking pre-harvest samples of plant material belonging to the
varieties Co, and Adt,, growing under identical conditions revealed the
following features :— ‘

1. Anatomical Studies: A number of epidermal peelings of leaves
and stems at the neck of earhead of the two varieties obtained by
macerating the tissue with concentrated nitric acid and potassium chlorate
(as bleaching agent) were examined under the microscope and were found

* Awarded Venkataswamy Naidu’s Silver medal on the College Day 1954.
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! ,Micraph;otograph of :

 Prate I: Leaf epidermis of rice plant under high power of microscope showing
§ - thesilicated long cells (1. c.) and silicated short cells (r).

PLATE II: Stem epidermis under high power showing silicated short cells (s. e.).

Prare IIT & IV: Leaf epidermis under low power of Co, and Adt, = respectively
g showing comparatively higher silication in the variety Co, than Adt,
with reference to the silicated long cells. . :
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%o exhibit extensive siliéation 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 to be greater
‘per unit area of Carl- Ziess 7x40 in the resistant variety Co, than in the
susceptible one Adt,,. Plates I to IV show the nature of ‘silicated cells
in the leaf and stem ‘epidermis.

92, Chemical Studies: Chemical analysis of leaves and stems for
{,jﬁ,ica, content showed that the susceptible variety contained more silica
;ﬁan the resistant one.

Thus while the findings of the anatomical studies made on the
,,z?a,vesand stems were in line with those of the Japanese workers, the
phemical analysis gave results of a contradictory nature. Hence it was
fecided to study in detail the intake and distribution of silica in the two
garietjes of rice plant. ‘

Material and Method: The rice plants were raised in pots and the
two series of pots viz., Co, and Adt,, were maintained under identical
tonditions of irrigation ete,,

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

Discussion of results: The results of. analysis of the plants and
plant parts of the varieties Co, and Adt,, sampled at differentv stages of
growth given in table I present the following features :-

1. General: There is a continuous absorption of silica during
the life of the plant upto the grain formation stage after which the
absorptioﬁ 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 plant to another! The results of
analysis'of roots are irregular especially in the case of Adt,, at flowering
and this is reflected in the whole plant analysis.

2. Silica content of leaves, stems elc, with reference to resistance
‘to blast: When the silica content of leaves and stems is expressed as
percent of ash, dry matter or green matter, the resistant variety does not
show higher value than the susceptible variety, especially after the plants
have come to maturity as was also observed in the preliminary studies,
The results of analysis of whole plant sample gshow that the plants
sampled at tillering stage show greater siice content in the resistant
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variety than the susceptible variety, Thus while there is an indication
of the resistant variety having more silica than the susceptible variety
when the plant as a whole is considered during the vegetative phase, the
analysis of leaves and stems after the plants have come to maturity, do
not show greater silica content in the resistant variety than in the

susceptible one.

TABLE 1. Showing the silica content in leaves, stems etc. of the
varieties Co, and Adt  at different stages of growth

(Percentages)

SILICA CONTENT |

Material 7
snalysed and Dry Green
stage of Ash basis Matter basis  Matter basis
growth
004 Adt10 Co‘ Adtm Co4 Adtm
1. Leaves: , ‘
(a) Mature Plant Stage 55602 5446 1086 1070 314 277
(b) Flowering Stage 6358 6822 12-75 1648 3-73 441
(¢} Grain formation ,, 6376 7124 1216 18-52 4:30 581
{d) Harvest s 57 11 60°16 1i-24 12:12 411 432
2. Stem: .
(a) Mature Plant Stage 3078 37-87 571 818 097 1-26
{b) Flowering - s 48-09 50-22 899 12-45 165 2-05
{¢} Grain formation ,, 48'84¢ 5419 8:32 13-33 202 2-93
(d) Harvest . 4788 5006 797 10°14 1'98 2:22
3. Panicles:
(a) Flowering Stage ,, 5309 6572 4°19 819 113 2'14
(b) Grain Formation Stage 7637 77 47 947 8:33 574 504
{c) Harvest ’” 8281 7973 1717 1132 12-28 906
4. Roots:
() Mature Plant Stage 10 69 5°55 160 076 0-30 015
(b} Flowering s 29°20 3040 395 4:37 0-66 083
(c¢) Grain Formation Stage 40-87 2372 546 4-47 090 078
(d) Harvest Stage : 35756 3868 523 5:79 082 091
6. Whole Plants:
(a) Beginning to tiller 31'23  24-29 507 4 27 079 058
(b) Mature Plant Stage 3782 4369 6:20 8:99 1-23 1-54
(¢) Flowering Stage 52'78  48-52 945 899 1:69 1-66
(d) Grain Formation Stage 53-83 5954 9'8¢  13-07 2:80 295
TABLE IH. Showing intake of silica during different periods of
growth as percent of total intake
(Calculation based on silica on ash figures in table I)
Leaves Stems Panicles
Co, Adt, Co, Adt Co, Adt)
1. Upto Maturity . 863 763 630 75°4 —_ -—
- 2. Maturity to flowering .o 134 199 354 246  *64-1 82-4*
3. Flowering fo grain

formation .. 03 44 1'6 Nil 281 147
4, Grein formation to
harvest .. Nil Nil Nil Nil 7'8 2:9

* Ropresents silica content at flowering as percent of total intake.
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3. Intake of silica during critical periods of vulnerability of the
plant parts to Jungus attack expressed as percent of lotal intake: The
critical 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 earhead i. e.,
at the time of flowering. At that time the stems are not 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 earlier, even from the
nursery stage. Hence it would be but right to find out if there is any
correlation of silica intake at these critical pericds with the resistance of
. the plant to 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 critical periods of vulnerability to attack and
the resistance. Thus we find during the vegetative stage when the leaves
are more exposed to attack the intake of silica in leaves is greater in the
resistant variety than in the susceptible one (86% of total in Co,; 76% 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 attack, 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,,). It 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 Adt,). Thus, while the silicain the plant
when 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. Showing the dry matter percentage, in leaves, stems etc. at
different stages of growth

Leaf Stem Panicle Root

Stages of growth
Co, ;Ad(}m Co, Adt, Co, Adt Go, Adt
1. Mature plants 2898 2584 1692 1538 — — 2020 1980
Flowering 2927 2674 17'16 16-46 2708 26°13 1969 1894

3. Grain
formation 3540 31:39 24-30 22-00 6002 60 57 16 38 17-36

4. Harvest 36'58 3573 24'8¢ 21'8¢ 7166 7930 1563 1563
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4. Presentation of silica on surface area basis in leaves:
Another interesting feature is presented by the data of dry matter contents
of the parts analysed as given in table I1L It is seen from the data in
this table that at all stages of growth, the leaves, stems etc., show s
greater dry matter percent in the resistant variety Co, than in the
susceptible one Adt,,, exceptions being very few, noticed in roots and
panicles only. The greater amount of dry matter in leaves, stems etc.,
of the variety Co,, it was speculated would mask the results of analysis
for silica when represented on the basis of weight. If this be acceded, the
presentation of silica on the basis of the area of the surface on which it is
distributed would give a'bétter 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 stage.

Two sets of 50 leaves were collected for each of the two varieties
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 stirface area
was measured by using a planimeter on the outlines of leaves traced on
tissue paper. Silica was estimated as usual after drying the material and
the results expressed on area basis. The results are given in table 1V,

TABLE IV. Showing silica in Ieaves represented on area basis

Experiment I Experiment IL
No. Particulars

Co, Adt, Co, Adt
1. Green weight of 50 leaves in grams 23-1390 18 1630 22°9560 17-6340
2. Dry weight ’ s 8-4650 6.4950 84404 61240
3. Ash weight s P 1-5810 1:3780 1-56770 1-2990
4. Silica in 50 leaves in milligrams 952 0 784 0 2490 7420
5. Total surface area in sq. cm. 2742 2472 25344 2420
6. Silica per 100 sq. cm. of leaf surface

in milli grams ’ 34 85 3185 3660 30°70

7. Silica as percent of dry matter 11-25 1212 11-25 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 isalso seen that the
silica 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 bears no correlation
to the resistance of the plant to blast i. e, the resistant variety Co, does
not show higher silica content than the susceptible one Adt,,. However,
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 susceptible
variety Adt,.
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2, The computation of silica on the basis of surface area, based on.
chemical analysis, gives a better picture of “the silica distribution in the
different parts of plant than when represected on the basis of weight and
this is in line with the observation made in the anatomical studies in
which the resistant variety showed more silicated cells.

3. Hence it is evident that consideration of total silica does not
give 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 critical period of
vulnerability to fungal attack is the factor which decides resistance or
susceptibility of a rice variety. '

Summary: The blast disease on paddy caused by the fangus
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
nature' that would indicate resistance or susceptibility. A perusal of
literature 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 Adt,, though
the anatomical studies on the copidermal peelings of leaves and stems
showed greater number of silicated cells in Co, than in Adt,,. Heunce,
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, etc. at different stages of growth and the results
expressed as (i) total intake at different stages on the basis of dry matter
weight etc., (ii) intake during critical periods of vulnerability to fungal
attack as percent of total intake and (ili) silica content on the basis of
surface area of leaves. The following conclusions were drawn:

1. The total 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 area 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, hydroponics, dormancy and growth-hormones.
The last one is perhaps the most outstanding, but within the scope of
this paper it is proposed to discuss only a single aspect of growth
hormones, namely their potentialities as weedicides.

*Paper read at the 1954 College Day and Conference Symposium on ‘‘Recent
Advances in Agriculture,’
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Growth Hormones: The discovery of the hormone system in plants
and the later isolation and synthetic production of numerous substances
which regulate growth in plants, has been one of the ouistanding achieve-
ments in Plant Physiology. The term “Hormones” has been used for
these substances (From the Greek Hormacin : toset moving) as they were
believed to be produced in one portion of the plant body and manifest
their effects in other portions, but it is preferable to use the term
« growth-regulators’ or ‘growth-regulating substances’ when the group
of synthetic chemicals is referred to. These compounds have an
astonishingly diverse range of effects upon plants and new uses are being
constantly added to, as more. is known about the nature of the responses
that these compounds can produce. They are capable of regulating
growth in some part or other of the plant body, and in contrast to the
indirect effects of insecticides and fungicides that merely serve to protect
the plants from injury, these compounds act directly upon the plant
metabolism in a physiological sense, although in a manner that is distinct
from fertilizer materials that supply major or minor nutrient elements,

A large.scale use of plant growth-substances has fostered within
the last ten years, a million.dollar busipess in the United States of
" America, Great Britain and other countries of the West. Thus
¢“2,4-D,” which was once used only in minute doseés in the laboratory was
produced in 1948 to a total of nearly thirty million pounds, mainly for
for weed eradication,

The use of growth-regulating chemicals for encouraging better and
quicker rooting of plant cuttings is now quite well-known and is used
generally by gardeners in other lands. The main limitation to a still
wider use of these chemicals (among which 3-indole-butyric acid is the
most popular) lies in the fact that most of the horticulturally valuable
plants come under the group of ¢ difficult to root’ plants, where growth-
regulators have only a moderate effect.

Weed Control by growth-regulating chemicals: In 19431944
chemicals of the ¢ phenoxy’ type were studied intensively as part
of secret, war-time research in Great Britain, towards perfecting
chemicals for destroying enemy crops. These chemicals act by over-
stimulating the plants’ physiological processes so much as to “burn
themselves out’’, so to speak. The compounds “2,4-D" and “MCPA”
were the most ,effective; they were able to kill off all broad-leaved
dicotyledonous weeds growing in cereal crops when used ab dosages of
1 to 4 1b. per acre without affecting the cereal crops and thereby came to
be known as selective weedicides. Weed killing is at present by far the
most important practical use of these « hormone” chemicals,

There has been in recent years quite a phenomenal increase in the
use of 2, 4-D” as a weedicide all over the world (except perhaps in
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India). The second in importance is the use of alpha-naphthaleqe.acetic
acid to prevent pre-harvest drop of apples. “2,4-D” alone has
potential annual market of more than 500 tons and can soon be expected
to top the list of all organic agricultural compounds.

Since 2, 4-D” and allied compounds are less effective against
grass weeds, new weedicide che_micals are being tested and very recently
one or two have been claimed to be quite effective,

Indian work: ¢2, 4-D” or its near analogue, “M.C.P.A.” have
been found extremely effective in destroying water hyacinth by a number
of workers viz, Mitra. (1948), Thomas and Srinivasan (1949) Lal and
Scott-Padwick (1948). Prasad (1952) found that Crag Herbicide was
effective in killing Orobanche in tobacco without injury to tobacco plants.
“2:4.D” and “MCPA"” formulations like Agroxone, Fernoxone, and
Dicotox were found very effective against Convolvulus arvensis (Bindweed)
and Chenopodium album but they were ineffective at the strengths tried,
against Spurrey. Against grass type weeds, Kalamkar and Ekbote (1953)
found that «“CMU " at 20 Ib. per acre was effective against Saccharum
spontaneum, but “TCA” was not effective.

At Coimbatore, work is proceeding since 1953 on weed control by
chemical herbicides, A mixture of 2, 4-D’ and “MCPA” in the
form of the sodium salts at 5 1b. rate in 50 gallons per acre gave 90 to
100 % mortality in Cyperus rotundus (Nut grass) in the course of 3 to 4
weeks from spraying date and regrowth was prevented for a period of
nearly three months. A combination spray of these two chemicals
mixed with diesel oil gave a complete kill of Cyperus within two weeks.
Against - Hariali (Cynodon dactylon) too, well-established stands could
be killed off in 4 to 5 days time by 2,4-D" and pentachlorophenol
(PCP) in diesel oil. *“PCP" is unable to kill off the underground
portions, but 2, 4-D” can destroy them to some extent. The plots so
treated were free of Aarialé for over two months, For complete
eradication a combination of herbicidal and cultural measures seems to be
necessary.

A good deal of valuable information has been gathered already on
the effect of numerous weedicide chemicals on a wide variety of weeds
and the work is being continued.

A new method has been devised and used for the detection of
toxicity left in the soil when the land is sprayed with herbicides, to see
when it is safe to use that land again for cropping. The method is based
upon the reduction of growth in cucumber seedlings by varying concen-
trations of growth.regulating substances. From these studies it was

noted that residual toxicity was less persistent in *“MCPA” than with
“2,4-D”
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Work is also in progress at Coimbatore on the control of Striga
by the use of the hormone type of weedicides,

It is hardly necessary to stress the fact that a greav deal of work
still remains to be done, in testing the latest herbicides against the
major weeds in India and especially in Madras, in the case of trouble-
gome and persistent weeds like Hariali, Kikuyu grass and Cyperus.
Spurrey and Oxalis are two bad weeds on the Hills for which effective
and inexpensive control measures are yet to be found. Woody weeds like
Lantana and Gorse are also quite a problem in certain areas. These
require a different type of herbicides and much work is needed before
effective control measures can be suggested:

A vast unexplored field of work lies before us in this weed control
problem. The importance of fundamental research is also to be kept in
mind, if any large-scale use of chemicals is envisaged for weed control
purposes, In fact it may be said that even in the advanced countries of
the West, real knowledge on the fundamental aspects as to how exactly
these hormone chemicals act on plants, to bring, about such multifarious
effects ranging from weed control to prolonging the cold storage life of
fruits, has somewhat tended to lag behind their commercial exploitation
for agricultural purposes.

The future prospect would seem to be a vigorous gearch for a
chemical that would be as effective on grasses as 2:4-Dis on broad-
leaved weeds. The next development would be a particular best weedi-
cide for a particular weed in & particular crop. Better formulations of
herbicides to minimise spray-drift damage and increase lethal effect on
weeds, are other desirable developments.
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Enzyme (Diastase) of Aspergillus oryzae and its
Application to Malt Extract Production *

by
i S. VARADARAJAN,
Chemistry Section, Agricultural Regearch Institute, Coimbatore

I. Introduction: The method employed in the Government Malt
Factory for the production of malt extract was by germinating cholam
(Sorghum durra). Since the malted cholam contains comparatively little
of the enzyme amylase, only about 20 per cent of the starch contained in -
the cholam grain is recovered as sugar (maltose). This tells on the cost
of production of malt extract, besides the costinvolved in the malting
process where controlled conditions of temperature, humidity; constant
attention etc., are necessary, for which special equipments in the form of
air-conditioned couching chambers have to be maintained.

It has long been known that the fungus Aspergillus oryzae contains
an enzyme of high diastatic power and, therefore, investigations on the
enzymatic studies on Aspergilius oryzae were carried out to see its applic.
ability to the production of malt extract. Because of its high sacchari-
fying power (nearly four times that of malted cholam) it was hoped, that
if a method was developed for the utilization of fungal diastase, the cost
of production could be reduced considerably.

II. Review of Literature: The fungus was originally known as
Eurotium oryzae, first being identified by Ahlberg in 1879, and later,
Cohn renamed it as Aspergitlus oryzae. O. Kellner and his pupils in-
vestigated the invertase, amylase and maltase content of it. Takamine,
(1914) using wheat bran as culture medium, grew the fungus and gave-
the name ¢ Taka-Koji” to it and used it as an amylo.clastic agent in
fermentation industries. The chief advantage of .using wheat bran
instead of “malt is that the cost of malt is subject to wide fluctuation
according to the crop conditions. And secondly, the fransformation of
bran into ¢ Taka-Koji’’ requires only about 48 to 72 hours while malting
needs 30r 4 times that period. Underkofler (1939) revived the idea of
replacing malt with mold-bran in which the fungus elaborates the enzyme
in the alcoholic fermentation of grains. Underkofler et al (1946) reported
extensive commercial tests in which the yields of alcohol were as good or
even better with mold-bran than with malt, The same authors (1947)
reported successful commercial application of mold-bran for alcohol and
syrup manufacture,

. 1t is clear that the fungus is capable of producing diastase of very
high efficiency; higher than that of barley diastase and has the added

*Paper awarded the Ramasastrulu Munagala Gold Medal on the College
Day, 1954,
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advantage of utilising various cheap by-products such as rice-bran, wheat-
bran ete. for its growth for the production of the enzyme,

III. Object of the Investigation: It is known that cholam diastase
js poor in comparison to barley diastase. It would certainly be
advantageous to obtain diastase from the. fungus and utilise it either
_alone or in combination with cholam diastase, whereby it might be
possible to obtain greater yield of extract. Secondly, the cholam for
malting should be of excellent quality. This is a factor to be considered
when'there is scarcity of grain with prevailing high cost. With fungus
enzyme any kind of starchby flour can be used and, owing to the greater
efficiency of the enzyme, the cost of production of malt extract could be
reduced considerably,

IV. Materials and Methods: Preliminary experiments were con.
ducted under the following heads:

(a) Selection of efficient strain of Aspergallus oryzae in regard
to its diasfatic activity.

(b) Selection of a suitable media for maintenance of the fungus.

(¢) Comparing the efficiency of the two diastases, namely,
cholam and fungal, after standardising the method of assay.

(d) Selecting the most suitable substrate for growing the fungus
for the production of diastase.

(e) Working out the optimum conditions such as temperature,
moisture, ete., for the growth of the fungus for best results,

(f) Developing a method for utilising the fungal diastase for
production of malt extract.

(a) Selection of efficient sirain of fungus: Strains possessing
high diastatic activity were obtained from different places as shown in
Table I below and their comparative efficiency tested.

TABLE 1
. Diastatic

No. Details of isolate Obtained from power. Lintner

Units
1 N.C. T. C. 558 Bangalore 9363
2. . 5908 England 8760
3. . 965 England 73-48
4. A.M.I. 16,268 U. 8. A. 37°00
5. s 17,209 U. 8. A. 53-04
6. N. 0. T. C. 59 Now Delhi 123-00
7. Isolated locally Coimbatore 85-43

From the above test it is seen that N.C.T.C. 558 and 595 are the
best and these were used in further experiments,
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(b) Selection of best media for maintenance of the fungus: To
maintain the fupgus for work without deterioration of its activity g
suitable medium was necessary. Standard media such as Brown’s,
Steinbergh’s and Czapek’s were tried for selecting a suitable one for the
purpose. However these media were not suitable for the purpose
contemplated. Therefore, a modified medium was prepared consisting of
malt-extract, peptone and yeast water in addition to nitrogen, phosphate,
sulphate and other mineral salts in traces. ‘

(¢) Comparing the diastalic activity of the fungus. (i) Standar.
disation of assay technique: The diastatic power of the fungus was
estimated by three different methods, viz. (1) the method prescribed by
A.0.A.C. (1933); (2) Ling’s modification of Lunge and Keane’s (1914)
method and (3) by the method developed by Gore and Steele (1935).

Finally the A.0.A.C. method was adopted, after making certain
modifications to suit the local condition, in all the experiments,

Assay in Brief: (i) Cultivation of the fungus: Wheat bran obtained
locally from the bazaar was cleaned, dried and stored in kerosene tins,
Samples of ten gram quantities were weighed out, 10 ml. of water added,
sterilized, inoculated with five days old culture of the fungus grown on
malt agar and incubated at 28°C for obtaining best growth in the bran.
On the fourth day the diastatic activity was estimated as below.

(i)  Extraction of the enzyme for assay : The mold-bran (as it
could be designated now) was spread on glass plate, samples of 5 gm.
taken in a glass mortar, a few grams of washed sand added to it and with
a small quantity of water was ground to a paste, transferred to a beaker
and made up to 100 ml. to extract the enzyme. The solution was stirred
frequently to disperse the enzyme uniformly in the liquid.-

(iii) Estimation of diastatic activity: To 100 cc. of 2% starch
solution kept at 55°C for 30 minutes with the addition of 5 ml. of sodium
acetate buffer solution to maintain the pH at 48 (considered optimum
for the enzyme), 3 ml. of the extracted enzyme solution were added.
The flask was kept exactly for 1 hour when the enzyme action was
arrested by the addition of 10 ml. of N/10 KOH solution.

The amount of maltose released by the action of the enzyme was
assessed by titrating against 5 ml. of Fehling’s solution and the diastatic
power in Lintner units expressed by using the formula :

1,000

i
added and y the number of ml, of the hydrolysed starch solution required
to reduce 5 ml, of Fehling’s solution.

where, x is the number of ml. of diastase solution
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V. Results: (i) Comparative values of diastatic power of cholam
and fungal diastases: To test the efficacy of the fungal diastase for the
production of extract it was compared with the enzyme of malted cholam,

Green cholam malt prepared in the Government Malt Factory at
65°F for 72 hours was used in the test. The values are given below :

TABLE 11

Diastatic power in Lintner units at

Substance different temperatures
28°C 40°C 55°C
1. In Czapek‘s golu’oion (mycelium) Trace Trace Trace
2. s iquid portion 201 323 3-77
3. Grown on waste malb 1655 30-54 3371
4, Creen malbt — (cholam) 14-22 2669 34-36

The diastatic power of the fungus grown on waste malt was not
greater than that of cholam malt. Other workers have reported very high
diastatic power equivalent to barley malt and, hence, the reason for the
low value was investigated into.

(ii) Diastatic power of the fungus grown on rice end wheat brans
with different sources of nitragen. The diastatic power of the fungus grown
upder controlled conditions on wheat bran, waste malt and rice bran with
different sources of nitrogen was assessed and the results are given below:

TABLE I

Diastatic power at 55°C

Substance 60 minutes
Lintner Units

1. Waate malt 10 gm. -+ 0'25 gm. Ammonium sulphate 33'71
2. . -+ 0°25 gm. Ammonium phosphate 3371
3. » -+ 1 gm. groundnut cake 8777
4. » 5 gm. 4 05 gm. groundnut cake 5145
5. . 2'8 gm. 4 025 gm. groundnut cake 101-07
6. Rice bran 10 gm. + 1 gm. groundnut cake 82-47
7. s & gm. -+ 0'5 gm. groundnut cake 56714
8. Wheat bran 10 gm. + 0'25 gm. Ammonium phosphate 11418
9. ’ . -+ 1 gm. groundnut cake 140°13
10. . 5 gm. + 0'56 gm. groundnut cake 7364
11. ,» B gm.-+ Rico bran 5 gm, 125-54

The following conclusions are drawn from the data obtained.

(1) The diastatic power of the enzyme produced by the
Aspergillus oryzae, is far superior to that of cholam malt, The former is
three to four times greater than that of the latter.

(2) Of all the substrates tried for the growth of Aspergil{us
oryzae, wheat bran has proved itself to be the best consistently in point
of producing diastase of very high power.
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(3) The fungus makes good growth on waste malt. But, since
this substance is practically three-fourths starch, the fungus utilises only
a fraction of it and the rest is wasted.

(4) Rice bran as a substrate is not as good as wheat-bran
Addition of wheat.bran in equal proportion imcreases its value.

(i) Utilization of other raw materials for the production of
digstase » Several previous investigators including Bindal and Sreenivasaya
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(1944) have used wheat-bran, oil-cakes, cornmeal, crushed goya-bean meal
ete. either as exclusive substrates or as supplements to the basal medium,
Of the materials investigated wheat-bran has been found to be the substrate
par excellence for the growth of Aspergillus oryzae.

For the production of enzyme a medium should be such that it will
pnromote vegetative growth in abundance with g high diastatic content,
The medium should not stimulate spore formation. Of the raw materials
tried, besides wheat and rice-brans, those that have no feeding value but
only valuable as fuel such as Ragi bhusa, dhall husk, groundnut shells eto.
may be mentioned. They were used after pounding them to fine powder.
But they do not compare favourably with wheat bran, )

TABLE IV
Substrate Lintner units
865° ~ 60!
Groundnut bhusa 21-2
Ragi bhusa 15-8
Dhall husk 257
Ragi bhusa & groundnut cake 284
Dhall husk and groundnut cake 295
Wheat bran 82'6
Wheat bran & groundnut cake 112'4

(iv) (a) Enzyme activity in relation to moisture content of the
substrate: To arrive at the optimum level of moisture necessary to
moisten the bran for the best activity of the fungus; to 10 gm. portions
of wheat bran in conical flasks water was added in varying amounts,
sterilised and after the flasks were inoculated with fungal spores, they
were incubated for 7 days at 28°C. The enzyme was extracted at the end
of the period and its activity measured.

TABLE V
Enzyme activity in relation to moisture content of substrate

Moistute Lintner units Lintner units
. % 30 min. 55°C 60 min. 55°C
68 21°43 ~70-70
60 2408 82'50
65 4485 125°54
70 56-42 140-24
75 5875 150°07
78 62°41 15950
80 6080 122-60

The activity of the enzyme .is represented in graph I. The activity
increases upto 78% moisture and drops at higher levels. Therefore it is
clear that the bran should be moistened to 75 to 78 per cent level for the

best elaboration of the diastase.
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(b) Enzyme activity in relation o time : (lemperature constant. )
To find out how long the hydrolysis should be continued at a constant
temperature for the maximum activity of the enzyme so that the greatest
amount of starch could be saccharified.

A set of flasks containing 100 ml. of 2% starch solution was kept at
85°C. in s thermostat and the pH was adjusted to 4:5 by adding 5 ml. of
sodium acetate buffer. The enzyme action was arrested at the specified
period by adding 10 ml. of N/10 KOH solution and the maltose formed
was eostimated by the usual method., - The results are given in
Table below,

TABLE VI
Duration of hydrolysis and maltose formed at 55°C

Maltose formed in mgm.

Duration in

minutes Enzyme from Enzyme from
sample A : sample B
30 275 245
60 . 600 ) 519
120 853 818
180 1080° 1013
240 ’ 1141 1019
300 1120 10256

From the data it is clear that the rate of saccharification is found to
. increase with the increase in time. The enzyme activity was practically
same after three hours. The rate and course of action were almost
identical when two different strains were used (vide graph iii).

(c) Enzyme activity in relation o temperature: Experiments
with a view to find out the optimum temperature at which maximum of
enzyme action takes place was carried out as below,

A set of flasks containing 100 m). of 2% starch solution was adjusted
to pH 4'8 and kept at temperatures varying from 30 to 70°C. for 1 hour
and the maltose formed was estimated.

TABLE Vi1

Enzyme Activity in Relation to Temperature
(Period—1 hour)

o

Temperature Lintner units Maltose
° 55°C 60 min mgm.
30 762 700
35 125 9 1,157
40 1422 1,306
45 1469 1,350
50 149-4 1,373
55 152-0, 1,396
60 1377 1,266
65 trace 98

70 nil nil
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The activity of the enzyme increasessteeply at first and steadily after 85°C.
with the increase in temperature upto 55°C. and then declines ‘rapidly,
(vide graph ii). The maximum activity is thus seen to be around 55°C.

{v) The effect of hydrogen-ion concentration of the substrate and
enzyme activity. It is well known that the optimum activity of the
enzyme depends on the hydrogen -ion concentration of the solution with
which it reacts. In order to select the level of pH of the solution for
optimum activity of the enzyme an experiment was carried out and the
data are given below. 8ide by side the acid hydrolysis of starch is given
for comparing the efficiency of the enzyme with the acid hydrolysis.

TABLE VIII
pH of starch Starch Enzyme hydrolysis Acid hydrolysis
solution present (a) (b) () @) (b) ©
55 enzyme 6°741 4574 4117 6107 5208 4687 6954
50 ’e ., 6175 5558 8245 5883 5294 7836
a5 v 7265 6539 9698 6822 6-00L 8398
40 . s 7265 6:539 98-98 6-822 6001 8898
4'0 (control) ~ ’s Nil Nil Nil — —_— —

() Sugar as maltose—gm.; (b) Starch equivalent—gm.
{c) Starch saccharified-—9%,.

The maximum activity of the enzyme is between pH 40 and 45. At
these pH, by the enzyme hydrolysis the saccharification is 96-982 while,
by the acid hydrolysis it is only 88:98%. Thus it is seen that the activity
of the enzyme  is greater thah that of the acid between pH 4 and 4'5.
(Graph iv). - :

(vi) Activators in relation to enzyme aclivity. Some organic and
inorganic substances such as amyl alcohol, ethyl alcohol, glycerol and
iron, copper, manganese and zinc as catalysts were tried in small amounts
as activators to speed up and enhance the activity of the enzyme.

No marked activity was noticed dus to addition of the activators
though there were differences among the several reagents tried in regard
to their influence,

(vii) The duration of fungal growth in relation to its activity :
To find out when the fungus attains its maximum activity in regard to
the enzyme, the two strains of the fungus were cultivated on malt-agar
and their activity measured daily from the 3rd to 6th day. The results
are given below : :

TABLE IX
Isolate ) 3rd day 4th day 5th day 6th day
N0z o w3 TR TR T
voro w (3 T (O

{Values in Lintner units)
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The disstatic power between third and foprth day is maximum and fajlg
markedly later in both the cases.

VI. Studies on the Utilisation of the Enzyme : Utilisation of mol4.
bran for the preparation of malt extract. The saccharifying capacity of
the mold-bran on the starch present in cholam, was examined as below,

Preparation of Mold Bran: The mold-bran was prepared by culti-
vating the strain selected for its best growth and high enzyme activity,
pamely isolate No. 595, on sterilised moistened wheat-bran to which 10% of
groundnut cake was added. The fungus was allowed to grow in a dark
place at room temperature for three days by which time the maximum of
mycelial growth developed. (Used on the fourth day).

A sample of cholam, known as “ Patcha jonna”, was ground to' a
coarse flour and used for the experiments reported below.

(1) The quantity of mold-bran for maximum saccharification of
the starch present in cholam : With the idea of finding out the quantity
of mold-bran required in relation to the amount of cholam consistent
with the maximum recovery of sugar the following experiment was
carried out.

To 10 gm. lots of cholam flour 100 ml. of water were added and
raised to a boil to mash the Hour, kept at that temperature for 2 minutes,
cooled to 55°C and mold bran in varying quantities added and the action
of the enzyme was allowed to proceed for one hour, boiled again for a
few minutes to destroy the enzyme, filtered and sugar estimated in the
filtrate. The results are given below :

TABLE X

Quantity of mold-bran % Starch saccharified
1 gram 54
2 ,, 54
3 . 67
4 67
5 tad 71
6 . 71
7 . 71
8 72
9

”» 72

The best result obtained for the least quantity of bran was for 5 gm. of
mold-bran,

The next step was to adjust.the pH of the mash for, though the
percentage of saccharification of the added starch was very high, it fell
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short of the ideal which is 100%. Hence the pH was adjustéd and the
results are as below:

Mash acidified to pH ) Per cent starch saccharified
55 61
50 82
45 97
4-0 97
4'0 (Control — No enzyme) Nil

At pH 4'0 to 4'5 maximum hydrolysis of starch took place. Hydrolysis
due to acidification of mash for pH adjustment was nil.

(b) Gelatinising the starch present in cholam and saccharification
Gelatinising the starch by boiling the cholam flour mash for a short while
gave nearly three and a half times increased saccharification.

Percent starch saccharified
Un-cooked _ 2473
Gelatinised (cooked) 86-02

VII. Practical Application of the Enzyme for Production of Malt
Extract: Preparation of malt extract with mold-bran was attempted as

given under.

(1) Method : One pound of cholam, ground to a coarse flour, was
cooked in_ water to gelatinise the atarch, the mash kept at 55°C, pH
adjusted to 4-5 with N/10 sulphuric acid and half-a-pound of mold bran
(3 days growth) added. The hydrolysis was continued for 3 hours.
After hydrolysis the liquid portion was separated by filtration through a
muslin cloth and enough lime water to neutralise the sulphuric acid and
precipitate it as sulphate of lime, was added (litmus test). Then 2 gm.
of activated carbon for every -100 ml. of filtrate was added and filtered
through activated carbon. The clear fluid was concentrated to a thick
syrup of specific gravity 140 by evaporation under reduced pressure,
The consistency of the extract, colour, flavour etc., were all perfect in
every respect but there was slight bitterness in taste.

(2) Bitterness and its removal : The cause of bitterness was
traced to the wheat bran, Apparently it contains some bitter principles
that is responsible for the taste. The following experiment was carried
out with a view to removing the bitterness in the final extract.

-(i) Wheat bran cooked in 5 times its weight of water, the water
discarded and the bran washed several times,

(ii) Wheat bran shaken for 1 hour in a shaking machine with
5 times its weight of water, the water thrown out and the
bran washed well in several changes of water.

(iii) Wheat bran soaked in 5 times its weight of water overnight,
the water thrown out and the bran washed in several changes
of water.
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The ‘wheat-brans receiving pre-treatment as stated above were used
in separate lots as substrate for growing the fungus and used for

saccharification,

It was noticed that the extract obtained from the above treatments
were all free from bitterness, Hence the simplest of the treatments,
namely, soaking the wheat-bran in water over-night, removing the water
and washing the bran in several changes of water was adopted as the bess
method. But, wheat bran when washed did not support the best growth
of the fungus. An experiment was carried out to remedy this defect as

per plan below:

Treatments.
(2) Wheat bran not washed (control)
(b) » plus 10% groundnut cake
(c) » washed
(d) . washed plus 10% groundnut cake
(e) - » washed plus 19 starch.
(£) . » washed plus 19 groundnut cake plus 1% starch.

The diastatic power was determined in the usual way and the
following conclusions arrived at —

(i) Washing the bran prior to inoculation considérably reduced
the diastatic power. This was due, mostly, to the poor growth of the
fungus on .washed bran.

(ii) The poor growth in the washed bran is presumably due to
the removal of starch from the bran, since, the addition of starch restored
the activity of the fungus. )

(ili) Probably the growth promoting factors if any that were
lost by washing were available to the same extent in the added cholam
flour to support best growth,

(3)" Final method evolved to produce malt- extract : i Laboratory
scale preparation was attempted by finalising the method of malt
extraction as outlined below: To the washed wheat bran 1% of cholam
flour was added, the fungus cultivated and this bran was used for
saccharification of cholam flour. The cleaned cholam was slightly
roasted, ground intc a coarse flour, water (five times that of cholam)
added, mashed after boiling for a while at 55° C. and the mold-bran
(3 days growth) added. After three hours of hydrolysis the liquid was
filtered through activated carbon. To the filtrate, small quantity of
sodium bicarbonate solution was added. The hydrolysate was made
neutral by the addition of calcium hydroxide (litmus test) and filtered
and evaporated under vacuo, ~The extract produced in this way had
a transparent amber colour, sweet taste and pleasant aroma, With
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the knowledge and experience gained by these preliminary studies,
gemi-pijot scale preparation of the extract was made from cholam flour
successfully which had excellent keeping quality.

Summary and Conclusions: A method for utilising fungal enzyme
(diastase) for the preparation of malt extract in place of germinated
cholam, with a view to reducing the cost of production of malt extract
was developed, and it was found that the fungal diastase can very weli
replace cholam malt for the production of extract. The fungus is culti-
vated easily on\cheap by-products like wheat bran and no laborious or
time consuming process is involved in the method. The cost of produg-
tion comes to about a third of the method that had been employed in
the malt factory. The extract prepared was fine in all respects and
kept well for a considerable time. The studies revealed that the fungal
enzyme can, therefore, be-utilised for the- production of extracts on a
large scale at a cheap cost.
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Symposiam:

Recent Advances in Agricultural Extension Work

Abstract of the speech delivered by

Srr. 8. N. VENKATARAMANAN,
[ Hd. Qrs. Dy. Director of Agriculture, (Extension) Madras ]

Within the past few years and consequent on the intensive methods
for growing crops, extension work in Agriculture has seen some rapid and
remarkable progress in Madras. One most note-worthy feature in the
development is the supply of improved seed. Formerly the Department
used to distribute a large quantity varying from eight thousand to ten
thousand tons of primary and secondary seeds to ryots. This took a long
time as well as considerable expense in procurement of secondary seeds,
An important improvement made in the past few years by the Director
of Agriculture was the supply of high grade paddy seeds and distribution
to Village Seed Farms. In this method, only primary seed is multiplied
by the Department and procured. This seed is distributed to selested
members of the Agricultural Associations- formed in each important
village at the rate of one pound per acre and the entire quantity so
produced is distributed by arrangement among the members of the
Association, so that the whole village is covered by the improved seed,
for each season. This method has the advantage of spreading the entire
village in a very short period, as with one pound of primary seed it is
possible to distribute 40 to 50 pounds to the Secondary Village Seed
Farms. The method has got also the advantage that only high grade
primary seed is handled by the Department, and the entire village is
covered within three years from the nucleus seed, instead of four years
and more now taken,

A similar development in Extension Work ha§ also taken place
in the direction of organising growers. For this purpose, the Agricul-
tural Department has formed an Association for every important viilage
and so far sixteen thousand villages have formed Village Agricultural
Associations out of a total of twenty thousand villages in the State. By
this method it has been possible to have full association of growers in all
agricultural extension work, It is particularly the object of the Govern-
ment of India, as well as the Governmeunt of Madras that Associations of
Agriculturists are encouraged to distribute improved seeds. The method
of Village Seed Farms for paddy and millets utilises the services of
Agricultural Associations fully for this purpose, and the work is done
extensively over a wide area, as well as intensively in each village. With
a small quantity of seed, like two thousand tons, it is possible to develop
the entire villages, where formerly ten thousand to twelve thousand tons
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were required. This rapid development in quality as well as efficiency
of distribution of improved seed has been a special feature of the recent
edvances in Agricultural Extension in Madras State.

The most significant feature of the recent advances in agricultural
extension is the large amount of work involved and its turn-over. In
Madras, the target for Sesbania as green manure was one million acres
this year, and the achievement nine lakhs of acres, while the target for
next vear is one and half million acres, for which seed supply has already
been programmed. Similarly, the target for ammonium sulphate is one
and half million acres. Such large scale attack on agricultural improve-
ment has been brought about by a careful planning in advance in the
production side, followed by distribution and organisation in the villages.
The work done on green manure in Madras to cover ome million acres
‘more every year is unique and has not been done anywhere in India or
in any other country. A similar work is being done on Glyricidia
maculata, which in the past few years has been extended to over five
million plants, while every year three million plants are being arranged
and systematically developed by the Agricultural Department.

This large extension on agricultural work through millions of acres
has been rendered possible by the system of fixing up targets. which is
also a recent development, consequent to the intensive production
schemes. These targets are not only drawn up.for the whole State, but
for every unit and for every member of the staff to whom the targets are

_distributed so that the work can be watched and wxecuted. Recently,
the development has been given a very intensive shape and even village
targets have been fixed up for such items asimproved seed and distribution
of Seed of Sesbania and Glyricidia maculate. In Tanjore Extension
scheme, where the staff has been intensified at the rate of one Demons-
trator for each Firka, instead of one Demonstrator per taluk, the work

_is expanding rapidly. Against a target of 730 villages, seed has been
. distributed to cover 700 villages individually, and this is also a remarkable

feature of the recent advances in Agricultural extension. ‘

~

Another feature is the large scale extenmsion work being done in
plant protection. This is particularly due to the availability of very
useful insecticides like BHC and DDT and partly also to the organisation
of the Plant Protection staff of the Agriculturat Department, to help the
District and taluk staff in campaigns against paddy pests and diseases.
During this year, insecticides and fungicides amounting to nearly 1,500
tons_have been distributed and applied over an area of two lakhs of acres,
Such an area has never been covered in any year before and this large
scale attack has been rendered possible both by efficiency of organisation
as well as the extension staff. In Madras another step of improvement
is the ‘forecast’ service, Weekly forcasts of pests and diseases are
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received from over 200 workers, and compiled by the Mycologist ang
Entomologist for taking prompt remedial measures. These. forcasts are
occasionally published in the Dailies but it will be useful if fhey are

broadcast through the Radio.

Much of the success is due to the intensification - of these methods,
and-increasing the efficiency of work with the resources on hand, For
this purpose, a planned programme of seed supply, as well as distribution
is necessary. In the case of Prosopis julifiorg, a very useful hedge plant,
fifty thonsand pounds of Prosopis was bought by the Department angd
this has been arranged to be distributed with the co-operation of the
Railways, the Highways Department and the ryots over a very wide area,
For expansion, twenty thousand miles of road and rail margins and about
twenty thousand acres in the fields have been planetd to serve as fencing,
as fuel and also as soil congervation plant, This plant, Prosopis juliflors,
has got a large utility and the expansion of this plant over a wide area is
due to therecent advances in Agricultural extension work,

The general trend in agricultural extension work is now towards
greater efficiency in quality. Intensification of work through villages and
large scale extended programme through organisation, is brought about
with a minimum quantity, but over a maximum area in the shortest time,
The recent advances, especially in Sesbania, Glyricidsa and Prosopis have
all been made possible in the past few years because with a small quantity
of seed, the ryot can be made to cover the-whole of his area in a short
time and become sglf -sufficient. Future work should alse aim at the
maximisation of work to every individual unit in a short penod of time,
g0 that the entire area is covered by agricultural 1mprovements



urrence of Multi-Locular Fruit in Ricinus cor.nmtl'ni-s,
il S L. (Castor) jid

'{?ﬁmily Euphorbiaceas is characterised by its superior
pistil, wsually three-celled and occasionally 3 of 4 celled
ovary. Because of the generally three-carpelled condition this family
nder the order Thicoecae. Ricinus communis belonging fo
'biace?e has also generally three carpels with three styles and
. stigmatic branches. The fruit is a schizocarp dividing into three
ci. Masur (1933) in the course of breeding work on castor, recorded

- ‘ ,34,,"a.nd_r.5-ce"1}ed fruits and observed that such cases were rare.

e i e 3 R

1. Toprow —3, 4 & 5-carpelled fruits with cross section.
2. Bottom row — 6, 7 & 8-carpelled fruits.

' The authors of this note in the course of their study on castor
eame across a few multi-cellular fruits having 4,5, 6, 7 and 8 carpels
'(v?iéi\e ﬁgure). The number of stigmatic branches noted in these cases,
~ was found to be double the number of carpels of the fruit, ie.,in a
~ seven carpelled ovary fourteen stigmatic branches were noted. An
'éﬁﬁbﬂéive study revealed that the presence of multi-carpellary fruits was
ot confined to any particular type or variety. It was noted in many
‘varieties of castor wherein one or two stray fruits alone were multi-
ﬁ@iifa"t while the rest were all normal three-loculled fruits. The seeds
?fom -these multi-locular capsules though normal in appearance, were
lightly smaller in size. The plants raised from the seeds extracted from
hese multi-cellular fruits did not inherit this character.

et
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Tho exact cause for the occurrence of multi-carpellary fruits is
not known. The sub-tribe Acalypheae under which Ricinis is kept, has
a few genera which have four carpels and Macaranga six carpels. While
the occurrence of six carpels in Ricinus is explainable, the presence of
% and 8. carpels is rather baffling. Hura crepitans of Euphorbiaceae
alone has many carpels.

Acknowledgement is due to Sri D. Daniel Sundararaj, Assistant
Lecturing and Systematic Botanist, Coimbatore for help in the prepara.
tion of this note. .

Agricultural Researeh} M. BHAVANI SHANKER RAO.

Station, Tindivanam
- Dated 15—5—~1954. K. THANDAVARAYAN.

Masur, N. G. (1933) — Agric. & Livestock Ind. 3 (2) : 128.

CROP AND TRADE-REPORTS

Crop Statistics,- 1953—'54, Madras State, Pepper — final forecast: Thc
area under pepper in the districts of Malabar, South Kanara and the Nilgiris is
estimated ab 1,18,650 acres (1,02,000 acres in Malabar District, 16,500 acres in South
Kanara District and 150 acres in the Nilgiris District). Compared with the
estimated area of 1,14,900 acres (1,00,000 acres in Malabar Disbi‘icé, 14,800 acres in
the South Kanara Distriet and 100 acres in the Nilgiris District) for the previous
year, the present estimate shows an increase of 33 per cent. Compared with the
previous five years ending with 1951—°52 the present estimate shows an increase of
176 percent. The condition of the crop is reported to be below the normal in the
Districts of Malabar and South Kanara. The yield is estimated at 9,010 tons of
black pepper (7,750 tons in Malabar District, 1,250 tons in South Kanara District
and 10 tons in the Nilgiris District). Compared with the yield of 8,300 tons of
black pepper (7,170 tons in Malabar District, 1,120 tons in South Kanara District
and 10 tons in the Nilgiris District) estimated for the previous year, the present
estimate showa an increase of 8-6 percent. Campared with the previous five years
ending with ‘1951’52 the current year’s estimate reveals an increase of 12-2 per-
cent. The wholesale price of black pépper per standard maund of 82-2/71b. or
3,200 tolas as reported from important market centres on 6th March 1954 was
Rs, 220—6—0 in Mangalore, Rs. 214—4—0 in Cochin, Rs. 2138 -0 in Kozhikode and
Rs. 205—12—0 in Tellicherry. Campared with the “prices which prevailed in the
corresponding period of the last year (i. e. on 7th March 1954} these prices reveal a
a decrease of 40'5% in Mangalore, 40'7% in Cochin, 40'1% in Kozhikode and 42:19%,
in Tellicherry.

Bengalgram — Third and final forecast: The area sown with Bengalgram
in Madras State in 1953—'54 is estimated at 6,400 acres. Compared with the actual
area of 6,200 acres for the previous year and the average area of 5,200 acres for vhe
previous five years, the present estimate shows an increase of 3:2% and 231%
respectively. The increase in area this year /is mainly due to favourable seasonal
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conditions. The crop is not grown in the districts of Chingleput, Tanjore,
Malabar, South Kanara and the Nilgiris.- An increase in area is estimated
in the districts of South Arcot, North Arcot, Coimbatore and Tirunelvelly
and a decrease in the district of Ramanathapuram. Tho area was,the same
as that of the last year in Salem, Tiruchirapalli and Madurai Districts, The
crop has been harvested in most of the districts. The yield per acre in the
curr\enf: year is estimated to be higher than that of last yearin all the districts
of State. The seasonal factor for the State as a whole works out to 96 percent
of the normal as against 75 percent of the 'normal estimated for the previous
year. On this basis the yield is estimated at 1,200 tons. Compared with the
estimated yield of 1,000 tons for the previous year and an average yield of 800
tons for the previous five years, the present estimate shows an increase of 20-0 per-
cent and 500 percent respectively. The wholesale price of Bengalgram per
standard maund of 82-2/7 lb. or 3,200 tolas on 8—5—1954 was Rs. 24—1-0 in Salem.
Compared with the price which prevailed in the corresponding period of the last
year, this reveals a fall of 24'9 percent.

Redgram -=Third and final forecast: The area sown with Redgram in the
Madras State in 1953—54 is estimated at 1,70,100 acres. Compared with the actual
area of 1,34,500 acres in the previous year, it is an increase ef 265 percent.
Compared with the previous five years ending with 1952—53, it is an increase of
9'5 percent. The increase in area this year islargely due to favourable seasonal
conditions. The erop is mainly grown in the districts of South Arcot, North Arcot,
Salem, Coimbatore and Tiruchirapalli. Az increase in area is estimated in all the
districts of the State except in the district of South Kanara, where the area in the
current year is the same as that of last year. The area under the crop in the Nilgiris
digtrict is little or negligible. The crop has been harvested in most of the districts.
The yield per acre is estimated to be higher than that of last year in all the
district of the State. The total yield works out to 24,200 tons (cleaned gram) as
against 15,600 tons (cleaned gram) estimated for thé provious year and an average
of. 18,100 tons (eleaned gram) calculated from the previovs five years cnding
with 1952—'53 representing in increase of 551 pereent and 337 percent
respectively. The wholesale price of Tur dhall per standard maund of 82-2/7:1b]
or 3,200 tolas as reported from imporsant market centres on 8th May 1954
was Rs. 190—0 in Tiruchirapalli, Rs. 18—0—0 in Tirunelveli, Rs. 17—10—0 in
Salem and Rs. 16—12—0 in Vellore. Compared with-the prices published in the
corresponding period of last year, that is, those which prevailed on 9th May 1953,
these prices reveal! a decrease of 18'4 percent in Tirunelvelly, 17'3 percent in
Vellore, 13°6 percent in Tiruchirapalli, and 12-1 per cent in Salem.

Tobacco—Third and Final Forecast: The area sown with tobacco in the
Madras State in 1953—’54 is estimated at 49,000 acres. Compared with the actual
area of 45,000 acres for the previous year and the average area of 465,200 acres
calculated for the five years ending with 1952—'53 the present estimate shows an
increase of 80 percent and 8'4 percent respectively. The increase in ares this year
is due niainly to bettef seasonal conditions. The area estimated is the same as
that of last year in the districts of South Arcot, and Tanjore, and an incre?.se‘ in
the other districts of the State except in Chingleput, Malabar a.nrd the legu-?s
districts where the area is little or negligible. The crop hes been harvested oris
being harvested in parts of the State. The yield por acre is estimated to.be higher
than that of lagt year in all the districts of the State. The total yield works f)ut to
28,400 tons of cured leaf as against 19,400 tons of cured leaf estimated for the
previous year, reptésenting an increase of 46'4 percent. Compard wifh the average
yield of 20,500 tons calculafed for the five years ending with 1952—'53 the present
estimate is an increase of 38'5 percent. _The wholesale price of tobacco per
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stendard maund of 82-2/Tlb. or 3,200 tolas as roported from imporant market
contres on 15th May 1064 was Rs. 30—6—0 in Erode and Rs. 63—6—3 in Tiruppur,
Compared with the prices which prevailed on 18th May 1963, thesd prites reveal an
increase of 67 percent in Tiruppur and a decrease of 40 percent in Erode,

Sugarcéne — Fourth and final forecast: The area planted with sugarcane
in the Madras State during 1953—'54 is estimated at 1,16,600 acres. Compared with
the final area of 80,290 acres for the previous year and an average area of 96,786
cres calculated for the five years ending with 1952—53, this is an increase of 451
percent and 204 percent respeciiiveiy. A decrease in area is estimated in the
district of Malabar ahd an increase in area in the other districts of the State exeept
in Tirunelvelly where the area estimated is the same that of the last year. Thearea
under the crop is little or negligible in the district of the Nilgiris. The crop has
boen harvested or is being harvested in many districts. The yield per acre is
estimated to be higher than that of last year in allthe districts of the State. The
total yield works out to 3,076,360 tons of cane, the gur equivalent of which is
3,37;230 tons as against 19,42,410 tons of cane with a gur equivalent of 2,14,400 tons
estimated for the previous year representing an increase of 67'3 percent. Compared
with an average yield of 23,86,520 tons of cane with a gur equivalent of 2,61,820 tons
caleulated for-the five years ending with 1952-°63, the present estimate shows an
increase of 28'8 percent. The average wholesales price of Jaggery per maund of
§2-2/7 1b. or 3,200 tolas at important markét centres on 8th May 1954 was
Rs. 17—2—0 in Mangalore, Rs. 15—10—0 in Salem, Rs. 14—10—0 in Tiruchirapalli
Rs. 13—2—0 is Erode. Compared with the prices which prevailed in thle
corresponding period of the previous year, these prices reveal a fall of 86'7 percent
in Tiruchirapalli, 37°0 percent in Mangalore, and 20°3 percent in Salem.

Potato—Second Forecast Report: The potato crop is grown mainly in the
Nilgiris district and to a small extent in Salem and Madurai districts.

The area under the crop upto 25th May 1954, is estimated at 23,300 acres.
Compared with the final area of 20,050 acres for the previous year, this shows an
increase of 16'2 per cent.

Winter Crop: The area under the winter crop  of potato is estimated at
4,560 acres as against the final area of 4,030 acres.for the previous year, represent-
ing an increase of 12'9 per cent. «The yield per acre is estimated to be higher than
that of the previous year in the districts of Salem and the Nilgiris. The Seasonal
Factor for the State as a whole works out to 99 per cent of the normal as agaiwst
90 per cent estimated for the previous year. On this basis the total yield works out,
to 14,190 tons as against 11,370 tons estimated for the previous year, representing
an increase of 42'8 per cent. .

Summer Crop: The area under summer crop is estimated at 18,750 acres as
against the final area of 16,020 acres for the previous year, representing an increase
of 211 per cent. An increase in area is estimated in the<listricts of Madurai and
the Nilgiris. The area under the summer crop in the Salem district being little or
negligible. The condition of the standing crop is reported to be generally fair.

The wholesale price of potato per standard maund of 82 2/7 1b. or 3,200 tolas
at Madras on 15—6—1954 was Rs. 16—8—0. Compared with price which prevailed
in the corresponding period of the previous year (i.e. on 15—6—1953), this is a
decrease of 21'8 per cent.



. Weather Bﬂ!itw — For the month of :'Ailgust, 1954.

RAINFALL DATA (IN rNomEes)

s5le _| 8% - xSig _ 8E
S5 2g9l33 . - 858,83 £8
Division Station SEE 5 e E — 3 |Division Station =8 E E g§, 24
o HEg 23] 8n ‘ 5. 288 38
gsla "|e% 1 “5 18 F a3
North -| Madras South | Madurai }12'4 + 83 25§
(Meenam- : Pamban [ 08 ’+ 02 127
bakkam)| 28 |— 18|16 i Koilpatti* 24 1402 216
i Tirur- | Palayam. ! ‘
kuppam®* 55 |+ 06 | 192 ; cottai | 03 %—o{ 10-7
Vollore 29 |—28 189 Amba. 1 1
Gudiysthem®| 70 |+ 27 | 286 j smudram® | 04 % £ 199
i |
East Palur* 50 |— 095|214 | West Triveandrum | 61 | —06 419
Coast Tindivanam?* | 54 |4 1:0 | 252 Coast | Fort Cochin {142 "+ 03 975
Cuddalore 59 !4 11 {250 | Kozhikode ' 21'1 |+ 40 1265
Naga- ' Pattembi* ;120 | — 10 78¢
pattinam | 27 | 4+ 04 | 146 Taliparambat 276 | 4 54 1364
Aduturai* 80 |+ 34197 | Wynaad* 1167 |+ 37 1875
Pattukottai* |128 | 4 95 | 320 « Nileshwar* 318 |+ 85 1582
| Pilicode® 315 1101 1453
Central | Salem 68 | +02]|239 | Mangalore {26'7 P+ 12 1295
Coimbatore i Kankanady®* | 277 | + 44 '129'9
(A.M.O)*{ 16 |+ 02 |153 ; | ‘
Coimbatore | 07 |~ 05 |175 | Hills | Kodaikanal | 67 |— 03418
Tirachira- i Coonoor* i 44 * + 04 1346
palli | 76 [+ 38208 | Ootacamund ¥ 4'8 | —02 ' 262
| Nenjanad® |143 |+ 65 459
- : . 1 | ‘

Note:—1, *Metoorological Stations of the Madras Agric. Dept.
2. £ Actual deviation is 4 0-04".

The month began with fairly wide-spread rains along the Wesi Coast and
localised showers in Mysore, Andhradesa and Tamilnad. On the third day & depression
formed in the Bay about 200 miles east of Calingapstam. Iu the subsequent three days
the monsoon was active along the West Coast. On 7-8-1954 a shallow depression was
noticed over North-west Bay of Bengal with its central region about 80 miles South-east
of Puri. There was no large change in the behaviour of the monsson till 11~8-1954, when
it became feeble along the West Coast. It revived its vigour again on 14-8-1954 and
remained so for a week. Again on 21--8-1954 it became weak. The fourth week of the
month passed off with no major change in the behaviour of the monsoon. The monsoon
strengthened in Centrsl Bay of Bengal on 28-8-1954¢. Along the West Goast it was
fairly active during the remaining four days of the month causing widespread rain in the
locality and bocalised showers elsewhere in the region.

The note-worthy rainfalls and the zonal rainfall for the month are -furnished
hereunder :—
Note-worthy Rainfalls for the Month

Av. rain- Dep.*

Name of  Rain. Name of tall § from Remarks

Daf‘: ° . Place fall Zone a.'IuI;?) ) nox?mal

1/8/6¢4  Kozhikode 10 North 46 —0'3 Just below normal

2/8/54  Mangalore 34" East Coast 6 +2% Abovenormal -

6/8/54 < Mercara 68" Centra] 43  +09 Justahove nf;"m*’-‘
13/8/5¢  Tiruchirapalli 40 South 33+ 36 Above norma1
28/8/64  Cuddalore . 30" West Coast 21’5 -+ 1'1  Above normsl
31/8/54  Bellary 40" Hills 76 +04 Above normal
Agricultural Meteorology Section,

Lawley Road P. O., ' C.B.M. & M. V.J.
Coimbatore, 10—9--1954
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We recommend for Paddy:
% ANALYSIS
Nitrogen Phos. Acid Potash

P. S. Fertiliser Mixture . 16 | 4 | Nil
Packing . 80 1b. New Sealed Gunnies
A. P, Special Fertiliser Mixture 14 | 7 | Nil
Packing o 80 1b. New Sealed Gunnies
N. P. K. Paddy Mixture 12 [ 6 6
.Packing 80 1b. New Sealed Gunnies
Improved A. P. Special Fertiliser Mixture 10 | 10 | Nil
Packing 80 1b. New Sealed Gunnies
N. P. K. Paddy Ploughing Mixture 8 | 8 .8
Packing 80 1b. New Sealed Gunnmies

~IT PAYS TO USE
"STAR'BRANDE[JRANGE COMPOUNDS
FOR ALL YOUR CROPPING NEEDS

INDO-AGRI LIMITED.

Managing Agents :

SHAW WALLACE & COMPANY LIMITED,

P. 0. BOX 14, MADRAS.
Guaranteed Analysis Jree Scientific Advice.

When answering our advertisers, please mention ‘ The Madras Agricultural Journal’
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