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well as the maturation of the greenhouse plants under experinient.
Further knowledge regarding the mechanism of plant stimulation is
therefore required before the process can be applied economically to
obtain increased crop-production.

Utilisation of atmospheric electricity.—~The treatment consists in
conducting the energy from an elevated collector to either an electrode
in the soil or discharge points above plants. Abbé Bertholon (1783)
devised an apparatus, the electro-vegetometer, which consisted of a
number of metal points supported above as in a lightning conductor
leading below to an iron bar with a number of discharge points. By
growing plants under the discharge points, he obtained highly satisfac-
tory results with a large variety of crops. The plants thus treated
made better vegetative growth and gave higher yields of the desired
crops than those untreated (cited from Priestly, Proc. Bristol Nat.
Soc., 1907, 1, 193). Grandeau (Compt. rend., 1878, 78, 60, 265, 939)
adduced f{urther evidence in favour of utilising atmospheric electricity
by studying the development of big trees in forests and the consequent
smothering of the smaller ones. He also demonstrated that plants
protected from atmospheric electricity by overhead wire-netting did not
develop properly and gave yields which were hardly so per cent. of
those from plants grown in the usual way.

Abbé Bertholon’s method found considerable favour in France
where, in a modified form, it came to be known as the ‘geomagnetifére’
system. Treatment of plants with atmospheric electricity did not find
much favour in either Britain or America.

With the scanty literature now available on the subject, it is
difficult to state whether the method has possibilities of extensive
application. The precise nature and mechanism of stimulation
observed by Bertholon, Grandeau and others has yet to be understood.
In view of the fact that thunderstorms in the tropics are frequent and
often intense, it is possible that in India, concentration of atmospheric
electricity over plants may lead to highly beneficial results. Further
systematic study of the subject is, however, needed before the method
can be safely advocated for use by farmers.

Earth curvents.—Several workers in different countries have
observed beneficial effects as the result of using earth-plates of
dissimilar metals connected by conductors. The soil between the
plates then becomes an electrolyte and a weak current flows through
it giving the necessary stimulus to the growing plants. Speschnew
(cited from Gen. Elkc. Rev., 1915, 18, 14) obtained increased
yields from various plants by the above treatment. Rauson and
Le Baron (FElec. World, 1906, 41, 1067) buried plates of copper
and zinc at the opposite ends of lettuce beds and noted that the low
voltage (0.5 V.) and current (0.4~15.0 milliamps) flowing between the
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plates quickened the development of leaves so that the crops attained
marketable size a week earlier than they otherwise would. An objec-
tion to this method suggested that although the previous workers
obtained somewhat satisfactory results, it i1s possible that minute
quantities of the metals passing into the soil either as rust or solution
may ultimately prove toxic to the plants and poisonous to the consu-
mers; thus leading to greater loss and trouble than the smalladvantage
gained by earlier harvest.

Priestly (Proc. Bristol Nat. Soc., 1907, 1, 190) repeated the
treatment under carefully controlled conditions and obtained not only
healthy early crops, but also increased yields, amounting to 33 per cent.
over the control in the case of beans.

Like some of the earlier methods, the one described above has
not been tried extensively owing to the overwhelming popularity of
overhead discharge methods; but it deserves further systematic study
because of its cheapness, there being no expense additional to the
outlay on metal plates. Moreover, in view of the findings of Hissinck
(Znternat. Mitt. Bodenkunde, 1922, 12, 81) and others regarding base-
exchange in soils, it is hardly possible that any more than traces of the
toxic metals will pass into the growing plants. Earth-plates made of
metals other than copper and zinc, preferably such cheap ones as
occupy distant positions in the electromotive series, may be tried. It
is also possible that by enclosing the plates in small earthenware pots,
() loss due to rusting or action of salts in the soil may be minimised,
and (4) chances of even minute quantities of the metals passing into
the plants may be obviated.

The method of passing current from external sources through the
soil has not, so far, met with much support. The treatmentis stated to
be more expensive than most others: scientific opinion regarding its
utility is also somewhat conflicting. Cook (ZElictrician, 1898, 41, 787)
observed that the earth-current helped to increase the rate and pro-
portion of seed-germination in the soil, but had no effect on either
plant-development or crop-yield. Kévessi (Compt. rend., 1912, 154,
289) trying the same method, noticed that an earth-current was
inimical to the germination of seeds. Gerlach and Erlwein (Llek-
trochem. Z., 1910, 17, 31) passed a 6-V. current (0.2~ 0.4 amp.)
between iron electrodes buried at the opposite ends of barley and
cabbage rows but derived no advantage from the treatment. Dorsey
(Electrician, 1913, 12, 442) tried the earth-current method at different
voltages and current strengths, but was unable to obtain any significant
increase in crop-yield. Peaslee (/. Zle. Power and Gas, 1914, 32,
69) passed direct as well as alternating current of lower density than
those used by previous workers between carbon electrodes and obtained
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highly satisfactory, all-round increase in his crops. He obtained the
best results at a power consumption of 0.5-0.6 W. per cu. ft.: there
was earlier and increased percentage of seed-germination, more rapid
and luxuriant vegetative growth with healthier and richer crop, espe-
cially of roots, as compared with the untreated plants. He re,ported
that after treatment with direct current, the increase in the yield of
cauliflower was about 150 per cent. and that of radish, over 400.
Alternating current was also useful, but not so efficacious as the direct
one. Many methods of earth-current treatment which are claimed to
be improvements on the previous ones have been patented in recent
years, but most of them have not been either described properly or
tried extensively enough to warrant public confidence in their efficacy
(Pheenix, /.1.E.E., 1929, 61, 1296).

It may be inferred from the instances cited above that although
earth-currents have not always proved favourable, yet there are certain
hitherto obscure conditions leading to increased crop returns
Definite knowledge with regard to the scientific basis of the treatment.
with special reference to the response given by the different types of
soils under various systems of cultivation and manuring is still lacking;
and further work on the standardisation of procedure with individual
crops is required.

Ouwerhead discharge—Passage of silent or glow discharge from
overhead antennz to the soil has been tried extensively in various
countries and may, after being standardised, prove to be one of the
cheapest methods of electro-culturing plants. The method has been
studied in the laboratory as well as on the field. It offers considerable
possibilities of success, though the resultsreported by various workers
and, often, by the same workers in different seasons, have not Leen
consistently satisfactory. The earlier experiments of Lemstrom
(Electricity in Agriculture and Horticulture, 1904) were remarkably
successful : increased yields ranging from 45 to 100 per cent. for
various crops were noted. The results of the later trials by Lodge and
Newman (/./.E.E., 1914, 52, 333) were not so satisfactory, but held
out promise of being useful under properly controlled counditions.
Gerlach and Erlwein (Joc. cit.) who followed the technique suggested
by Lemstrom observed no difference between their treated and
untreated plants: indeed, they found alternating current to be
injurious to plant-growth. Stahl (Zlc. World, 1911, 58, 1549) on
the other hand, found the overhead D.C. discharge to be an inexpen-
sive method of quickening crop production. Gloede (Elec. Rev. HWest.
Elec., 1911, 59, 975) obtained increased yields of flowers and fruit
as the result of mild overhead discharge. He also noted that his
electro-cultured fruits were sweeter than the untreated ones. Dorsey
(Electrotech. Z., 1914, 35, 236) observed that the yields from the treated
plants though high on the average, were not consistent, Peaslee

-
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(loc. cit.) obtained generally enhanced yields from plants receiving
nightly overhead discharge, but noted that the seasonal variations
influenced considerably the quality and yields obtained. Britton
(Electrician, 1918, 80, 641) carried out a similar series of trials and
observed that the plant response to overhead discharge was highly
inconsistent and that the yields differed from those of the controls
by + 235, + 153'0 and — 7°5 per cents. respectively. Hein (Pheenix,
loc. cit.) experimented with brush discharges at 20,000 V. and obtained
satisfactory increase in yields.

Since 1918, the Electro-culture Committee of England have
investigated the various factors influencing plant response to electro-
culture, particularly by the method of overhead discharge, and have
noted the most suitable voltage, current density, height of the aerial,
spacing between the wires, time and duration of discharge, treatmeunt
of the soil and certain of the physiological effects of the discharge
(Interim Reports of the Electro-culture Committee, 1918-29; Black-
man, /. Agric. Sci., 1924, 14, 240 ; Blackman and Legge, /. 4 gric. Sci.,
1924, 14, 264). Contrary to the earlier findings, alternating current
was observed to be just as efficient as direct, and even superior to it
in certain cases.

The field experiments were pursued through many seasons and
at various centres, the technique being improved at every stage to
minimise adventitious errors, but the results proved inconsistent.
In the same season, with apparently the same treatment, satisfactory
plant response was observed at some centres and almost none at
others: the results at the same centres in successive seasons were
also inconsistent. The meteorological conditions doubtless influenced
the crop returns, but they were not entirely responsible for the
discordant results from electro-cultured plants. The soil conditions
also appeared to affect the results unaccountably. Recently, Blackman
and his co-workers carried out some carefully planned experiments at
Rothamsted and elsewhere, but the results were highly erratic, casting
doubt on the practical significance of the observations collected so
systematically and patiently during many years past.

The foregoing observations, though somewhat discouraging,
only emphasise the need for further work. There are obviously
certain hitherto unsuspected factors affecting the success of overhead
treatment, and these must be ascertained before further progress
can be achieved.

Electrical treatment of Seeds, Secdlings and Plants.

Fry's patented method of activating seed (U. S. Pat., 1,106,039)
consists in packing them between metallic electrodes in a 10 per cent.
solution of a nitrate, or ammonium sulphate or any one of the soluble

9
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salts which are commonly used as fertilisers, then passing current
from the main for a number of hours, after which the seeds are taken
out, dried and supplied to farmers. Dunn (£lect. Rev., 1919, 84, 89)
reported the process to be highly useful in hastening germination and
stimulating tillering. The advantages claimed could not be confirmed
by other workers in England; Sutton, who carried out extensive
series of trials, concludes that the method -is of doubtful value and
does not justify the expenses involved (cited from Pheenix, loc. cit.).

Favourable reports regarding the possibilities of seed-treatment
have been recelveq from Australia, however. Bennett's method
(B.P. 268,291) consists in rolling seeds, previously soaked in water
to soften the cuticle, with a cylindrical vacuum tube containing a
Tesla coil. By its adoption the benefits of increased germination
percentage, greater yield and improvement in quality have been claimed
for a variety of crops. The method has not been sufficiently tried
oqts@e Austya.ha, and further trials under a variety of soil and
climatic conditions are required before it can be adopted extensively.

Nehru (Proc. Indian Sci. Congress, 1930, 38) energised a variety
of seeds by passing high tension electric sparks (1,000—10,000 V.)
over them for 5to 10 minutes. As the result of the treatment he
obtained quicker germination, better growth, increased yields and
resistance to certain plant diseases and insect pests.

Energising plants by passing an electric current through them
does not appear to have met with much success: Marx, who passed
current through Elodea canadensis soaked in water observed no marked

benefit, but noted frequent depression in development (Aun. Bot.
1929, 43, 163). ’

The foregoing examples show that further study of seed and
plant-energising is required before any of the processes can be applied
extensively. The effect of the current on the various chemical
constituents and the enzymes of the seed has to be studied. The
influence of the treatment on assimilation and respiration, and various
vegetative and reproductive activities of the growing plants have also
to be clearly understood before a rational application of any one of the
different methods of energising can be adopted successfully.

. High Frequency Currents.—Bennett's method (Zoc. cit.) of seed-ener-
gising has been already described. Benedetti (4# R. Accad. Lincei,
1926, 4, 324) studied the effect of electromagnetic fields oscillating at
high frequencies on some germinating seeds and noted that under suitable
conditions the treatment hastened seed-germination and favoured the
development of seedlings. Mezzadroli and Vareton studied the effect
of short-wave astral rays on the germination of seeds and the growth
of plants, but did not obtain encouraging results (cited from /n¢. Rev.
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Agric., 1929). Homberger (Bull. Agric. Intelligence, 1930, 11, 1430)
observed that unlike high tension currents, those of high frequency
have no harmful effects on plants. Experiments conducted in America
at 10,000 V. and a frequency of 200,000 per sec. gave increases in
yield amounting, in certain cases, to 75 per cent. The treated plants
were also noted to be richer in chlorophyll than the untreated, and the
method is obviously quite promising.

Nehru (Proc. Indian Sci. Congress, 1930, 38) has recently observed
that the soil can also be energised by a ‘tickler’ or a discharge tube
through which air is pumped and sparked at the orifice ; the conical nozzle
is driven into the soil at different positions and the sparked air pumped
for 2-5 minutes at a time. He combines this treatment with that of
seed-energising which has already been described, and obtains satis-
factory results. The method appears to be promising and deserves more
extended investigation in both the laboratory and the field. The details
are at present somewhat elaborate and difficult for the average farmer to
follow, but it is possible that the technique could be simplified and
the details standardised to render the method more easily workable.

The natuve of the action of electyicity on plants—The mechanism
of the action of electricity on plant life is still not properly understood.
Numerous theories have been propounded by various authors from
time to time, but most are discordant. From his studies on forest
trees, Grandeau (/oc. cét.) concluded that atmospheric electricity is just
as essential to plant-development as sunlight, air and water; he could
not explain its role but was convinced of its necessity for plant life.
Pollacei (474 Inst. Bot., 1905, 2, 7) observed increased assimilation
of carbon dioxide and plant nutrients resulting from an electric dis-
charge over plants. Bach (Compt. rend., 26, 479) obtained evidence
that formaldehyde is generated in the atmosphere through which an
electric discharge passes and argued that for this reason electrical
treatment is beneficial. Euler (Ber., 1904, 37, 3415) repeated Bach’s
work, but could not detect formaldehyde. Various other authors
detected ozone with various active ions, and attributed to them the
action of electricity on plant-growth. Lemstrom (/oc. cs¢.), Priestly (loc.
cit.), Escard (Rev. Gen. Sci. pur ¢t app., April 30, 1913), Peaslee (loc.
¢it.) and many other workers have studied the botanical significance
and the physiological effects of electric discharge on plants, but their
investigations have not thrown much light on the precise mechanism
of the action. Waller (Proc. Roy. Soc., 1901, B, 162, 129) studied the
electrical results of light on plants and observed that the leaves exhi-
bit electromotive effects and after-effects amounting to fractions of a
volt depending on the extent of illumination. He also noted that the
chloroplasts are concerned in the development of electromotive force
in the plants. Using extremely sensitive instruments of his own design,
Bose (e.g., Plant response as a means of physiological investigation,
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1906) has demonstrated that every phase of activity in plant life 1s
associated with changes in the electrical properties of the various
tissues, and may at times even result in a flow of current.

The foregoing observations no doubt suggest that external
electrical stimulus 1s likely to play a part in influencing plant develop-
ment and activity. They do not however indicate the biochemical
mechanism by which the simpler physiological processes like photo-
synthesis, respiration, assimilation and translocation of nutrients are
effected. Stone (cited from Bull. Agric. Intell., 1921, 12, 262)
observed that following a discharge through the space above an area
of soil, the bacterial numbers become sixfold. Mathews (doc. ¢it.), who
carried out extended field trials for many years, inclines to the view
that electrical energy helps to stimulate the assimilation of nitrogen by
plants, an observation which indirectly accords with that of Stone,
because increased numbers of bacteria will lead to greater release of
plant food, particularly nitrogen, in available form from the soil. The
Electro-culture Committee (Interim Reports, 1920~29, Nos. [—X)
after an extended series of trials at many centres and spread over
several years have come to the conclusion that electro-culture has no
effect on the plant response to nitrogen: indeed, they found that
nitrogen in excessive amounts is definitely unfavourable to the
discharge. They also noted that a high phosphate content actually
depresses the yield from electro-cultured plants, but that the injurious
effect is reduced in presence of higher amounts of potash and nitrogen.
Reporting on his experiments in 1922 (fifth report of the Electro-culture
Committee, 1923, 17) Blackman concluded that electrical energy has
practically no effect on the vegetative activity of the planf, but
influences the reproductive activity to a considerable extent. Thus,
although the yield of grain from electro-cultured barley was generally
higher than that from the untreated seed, the total dry weight of plant
was practically the same in both the cases. He also observed that
there was no increase in the total number of flowers, but that the
electro-cultured plants had fewer sterile flowers than the control.
Moreover, the treated plants carried fewer seconds or shrivelled grains,
and the weights of grain were individually and totally greater than
those from the control plants. The foregoing observations are somewhat
discordant with those of the previous workers, many of whom have

stated that.one' of the most marked effects of electro-culture is the
increased tillering and vegetative growth.

Haynes (Sci. Progress,1923, 18, 223) suggests that change of re-
action in the tissue-fluids and increased permeability of membranes are
the causes of electrical stimulation. His observations are suggestive,
but do not help to explain the peculiar variations that have been noted
with regard to both plant-development and crop-yields from season to
season on the same experimental areas, Thus they cannot explain the
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remarkably striking observations of Britton (/. ci£.) who obtained
yields varying from + 1§3°0 to — 75 per cent. as compared with the
untreated plots. Several authors have considered the effect of electri-
city to be indirect, but have not adduced sufficient evidence to support
their theories, On the other hand, Blackman, Legge and Gregory
(Proc. Roy. Soc., 1924, 95, 214) obsgrved that the development of the
coleoptile of barley was greatly stimulated by passage of very low
density current (10,000 V., 0’3 x 1010 amp.) and noted that the effect
persisted for 4 hours after treatment. Changing the current direction
produced the opposite effect, and they infer that the effect was due to
the direct action of the current itself, and not to any of the products of
the discharge. Studying the effect ofelectric discharge on the respira-
tion of barley, Middleton (Aun. Bot., 1927, '41, 345) observed this to
be increased by about 30 per cent. in ionised air. The degree of
stimulation varied with the extent of 1onisation. The trials also showed
that the effect was due to the active ions themselves and not to any of
the products of ionisation. Whimster (Ann. Bot., 1927,41, 357) came
to a similar conclusion from his study of the rates of assimilation and
respiration of Pelargonium zonalz: he also observed that the stimulus
continued for appreciable lengths of time even after removing the
ionised air from around the plants.

It has already been pointed out that the season plays an important
part in determining the success or failure of electro-culture. This
influence is determined by the time anq extent of rainfall, humidity,
hours of bright sunshine, maximum and minimum temperatures. Any
or all of such factors may determine the plant response to electro-
culture ; it is therefore desirable to study the _effects of the .d1ffer§3n-t
climatic factors individually and to ascertain which of them is indivi-
dually responsible and to what extent. In this connection, the
observations of Hostermann (Electrotech. Z., 1910, 31, 294) regarding
the beneficial cffect of foggy weather deserve further systematic study
from the chemical as well as biological point of view.

It has been noted by several workers that in certain seasons the
electro-cultured plants failed, while the control developed normally.
Such results could not have been due merely to unfavourable weather
detracting from the beneficial effects, for then the control plots shguld
have yielded less than the electro-cultured ones. The observations
suggest that changes in one or more of the seas'onal factox.-s actuall_y
determine whether electro-culture will be beneficial or not in a parti-
cular season. It is also possible that wher} the treatment is given on
a number of days in succession, the effect is favourable on certain days
and unfavourable on others.

Our knowledge of the biochemical aspect of electro-culture with
reference to both soil and plant is still obscure. Extension of Stone’s
3



©r
W

76

observation regarding increase in bacterial ‘ i
:Eow \_\;hethﬁr the t{)z}nsfozlmation of plant nut:;:::i) e}ixs'oc(:é(;[(.is(;/].i)kewig
soills when subjected to the influenc i 1
Study of changes in the nature and nu;bzfrs eg)(;d:ili(;f ilifhﬁ:%:'
forms of microflora should also prove useful. Important ngiochemicallﬁ
processes such as oxygen absorption and carbon dioxide evolutio
ammonification and nitrification should be followed to ascertain whe:hn’
changes in the compositionand character of microflora are accom an'ecrl
by the hastening of such processes. The study of the biochp 'lel
response of the plant will help to explain () the significanc enfw lt‘:li1
treatment, (4) the causes of the abnorma]ly'{iigh or ]ov% iecl;:ls ?)*O g
in some cases and (¢) thp nature of the resistance offeredyb “'theoz bl(mtle
cultured plants to certain fungus diseases as well as insecz, pestes e

The observations of the Electro-culture
suggest that the treated plants do not respond
gz{;}tslcvlil‘;’:lr%zi’ to alrtliicig}zf. It is still not definite whether such observa

would apply to different types of organi -
the different soils commonly meytpwith undgearmtchén i?oupriiilasc:::il'ﬁ oo
When these are favourable, depletion of minerals and nitro en1 xfons.
the soil would no doubt follow. Since the extent of availabilig of ror;:
nutrients i1s a limiting factor in crop-production, it ma bey' £Sucd
that although the electro-cultured plant did not ,responzll to xint oge
and phosphate in the trials carried out by Blackman 1;50%1(3'“
co-workers, it would do so under more depleted condition; of thlz

Conimittee appear to
to manurial treatment,

Many of the earlier workers have observed t i
not beneficial when applied in bright sunlight. Lti:siiggr?oﬁﬁgfie }lxst
treatment to be useful. Henrici (cited from Whimster, /o cg'/
;);s;é\;edd _tthz}t 1gqxs§t1on o}fl air aided assimilation in dull weather llm)t

it in bright sunshine. Blackman and his co-workers fo

t}}ehmor'mng hours to be suitable for the treatment,l Sbcuot ‘1‘18:33‘; rihfl(zutrllli
. ?Olg 1t dtlscharge was of doubtful value and might even prove harmful

dufi:n -%rgm(/ith.f All the previous workers are agreed that treatment
Shou1§ pberlo s% zevere drought, or bright sunshine, or heavy rain
should b Ofazox ed as they are likely to affect plant-development.
5 S lime of hregitment 1s of only relative significance however. Thus,
¢ am. | ic bxs mentioned by Blackman to be a suitable hour for
. % may be brightly sunny and even hot in a tropical country. It
is therefore desirable to define the time in terms of sunshine intensity,

cloudiness or otherwise, temperature . .t
by the clock. J P and relative humidity rather than

Tl:ie c;mditions leading to increased assimilation by electro-
cultured Pplants have not, so far, been studied systematically.
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Whimster (loc. ciz.) observed that when the leaves of Pelargonium
zonale are placed in ionised air, assimilation is not increased appreci-
ably, but that the respiration is hastened by over 8o per cent. It is
however doubtful whether the above observation is applicable to the
whole plant.  Field trials by several workers show that under favourable
conditions increased assimilation resulting in all-round plant-develop-
ment may be expected ; and further study of the various factors such
as degree of ionisation of air, relative humidity, intensity of light and
concentration of carbon dioxide on assimilation and translocation is

required.

Several authors have stated that electro-cultured crops are superior
in quality to those untreated, but various analyses have not so far
shown anything abnormal with regard to the chemical composition of
the former. Recent investigations on the digestibility and nutritive
values of different food materials have shown, however, that the chemical
composition is often apt to be misleading. Animal experiments with
regard to the relative growth-promoting qualities of the treated as well
as  untreated crops should therefore be conducted to settle this question,
It is probable that at least some of the electro-cultured products may
possess better taste and flavour than those untreated, and appeal by
such qualities to consumers : others may be rich in vitamins and contain
minute quantities of the various growth-promoting substances which
add to the food-value of such materials. If the electro-cultured
materials possess such qualities, they will be more desirable than the
untreated ones in spite of the uncertainty of success attending the
methods practised at present. The high prices commanded by
superior quality should more than compensate for any possible loss due
to depression in yield. This aspect of the subject also deserves
systematic study.

In the present series of investigations, it is proposed to (a) study
some of the more fundamental problems suggested in the foregoing
pages and thereby ascertain the nature and extent of the various
influences affecting plant-development during electro-culture, and (4)
standardise a system of treatment that will increase the yield of crops of
the desired quality under various conditions of soil and climate, with
special reference to those of India.

Departments of Biochemistry and Electrical Technology,
: Indian Insiitute of Science,

Bangalore,

[Accepted, 7-7-31.]



STUDIES IN ELECTRO-CULTURE.

Part II. Influence of Electrical Treatment on the Germination
of Barley and the Diastatic Activity of Malit.

By K. Venkata Giri and V. Subrakmanyan.

Butterfield, Barclayand other earlier Australian workers conducted
systematic work on the stimulation of seeds by electricity (Mackinnon,
Sei. and Ind., 1920, 2, 24). They observed that barley soaked in a
solution of copper sulphate could be electrified with an ordinary
medical coil in 3-5 minutes, and that plants raised from the seeds thus
treated, gave about 40 per cent. more yield than the controls. Fry
developed a system of electrical treatment which was subsequently
patented as the * Wolfryn’ process (U. S. Pat., 1,106,039) and which
excited considerable attention in both England and Australia.
Reporting on the results of the treatment, Dunn (L/ec. Reo., 1919, 84,
89) mentions that quickened germination, prolific tillering, increased
yields of richer grain, sturdier straw and resistance to a variety of
diseases may be expected by the use of the Wolfryn-treated seeds.
Others were not so hopeful. Thus, Brenchley could observe no differ-
ence between plants raised from treated seeds and those from untreated.
Gerrard reported that trials carried out with electrified seeds at Wye
resulted in failure. The investigations of the British Board of Trade
suggested that the beneficial effects of the treatment might have been
largely due to the preliminary soaking of the seeds in the electrolyte
(Elec. Rev., 1919, 85, 377). Various other systems of seed treatment
have lately been developed, among which mention may be made of the
method of Bennett (B7is Pat., 268, 291) as the result of which highly
satisfactory yields of grain and straw are claimed to have been obtained.

The precise nature of the action of electricity on seeds is still not
understood, though various theories based on the ionisation of the
electrolyte, permeability of the seed, osmotic pressure of the solution,
and sterilisation of the seed-coat have been advanced by different
workers. Very little is known also regarding the physiological response
of the seed to electrical treatment. It is possible that the passage of
current through the seed brings about some physical or chemical
changes which influence certain phases of living activity such as
germination, development of the seedling, response to plant nutrients,
assimilation and translocation. Systematic study of such physiolo-
gical effects is required before the significance of the various field
observations cited above can be properly understood,
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In the present investigation, some aspects of the changes occurring
during the germination of electrically treated barley have been studied.
Barley was chosen because («) consistently favourable reports regard-
ing the beneficial effects of so treating it have been received, no less
than 30-40 per cent.increase in yield being claimed by many observers,
and (4) the changes attending the germination of barley are of consi-
derable economic importance and have already been studied, in great
detail, by different workers from other points of view. It was therefore
thought “that the significance of the various changes attending the
germination of electrically treated seed can be better understood in the
case of barley than in that of any other grain.

The most conspicuous changes attending the germination of barley
are the activities of the different enzymes resulting in the transformation
of starch into dextrins and sugars and of protein into proteoses and
amino-acids; and the movement of the various products into the
seedling, which is thus provided with its early nutrition. The effects
of the treatment were therefore sought from (2) the rate of germination,
(4) the diastatic and the proteolytic activities of the germinating seed
at various stages and under different conditions of electro-culture, and
(¢) the development of the seedling.

In view of the almost fanciful prices paid for * quality’ in malting
barley, considerable attention has recently been paid by various
workers to that subject. To the maltster, the value of barley depends
largely on the amount of extract in the wort prepared from it. The
investigations carried out under the auspices of the Institute of
Brewing Research Scheme (Rothamsted Conference on Malting Barley,
1928; Bishop, /. /ust. Brewing, 1930, 36, 352) have shown that the
yield of extract is, generally, inversely related to the nitrogen content
of the malting barley. Field experiments carried out during the past
ten years at Rothamsted and elsewhere (Russell, Agricultural Research
in 1929, 1930, 144-145), have shown that where the soil cannot supply
all the nitrogen required by the.plant, the yiel_d of barley, without
impairing the quality, can be increased by judicious application
of nitrogenous fertilisers. It is not, however, generally possible
to control the nitrogen uptake of the grain because this is determined,
not by the absolute quantities added to the soil, but by the
amounts rendered available under the existing soil and climatic
conditions. It is also influenced by the available amounts of the other
plant nutrients, such as phosphate and potash present in the soil.
Moreover, there are several tracts of land, like the Fen districts of
England, where the soil is so rich in nitrogen that even without the
addition of nitrogenous manure, the amount of nitrogen passing into
the grain is so high thatits quality is seriously impaired. The malt
prepared in the usual way from such barley contains, invariably, a high
percentage of nitrogen and yields a wort of poor quality.

4
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‘The observations of earlier workers regarding the quicker and the
more efficient germination of electrically treated seed, together with
those of Punnet (Biockem. Bull., 1913, 2, 555) and Lob and Sato
(Biockem. Z., 1915, 69, 1) regarding the favourable influence of ionised
air on enzyme action suggested that, during the germination of the
treated barley, there may be quicker transport of nitrogen into the
seedling than in the case of the untreated. It therefore seemed
probable that if the activity of the protease in the electrically treated
seed is greater than that in the untreated, the malt prepared from the
former will contain less nitrogen and give a larger yield of wort of the
desired gravity than the latter. In other words, it appeared probable
that the quality of malting barley may be improved by electro-
culture.

With a view to testing the above hypothesis, the nitrogen content
of malts prepared from treated barley and the gravity of their worts
were determined at various stages.

EXPERIMENTAL.

Method of treatment.—Malting barley of the Plumage Archer
variety, obtained from the United Breweries of Kaiti in the Nilgiris, was
used for the present series of trials. Before treatment, the seeds were
soaked first in water for 24 hours and then in sodium nitrate solution
of known concentration for a definite length of time. They were then
packed between chemically pure carbon electrodes in glass cells and
electric current (A.C., 25 cycles, 210 V.) of varying densities passed
through them for different periods. A stream of salt solution was
kept gently circulating through the cells to preclude the otherwise in-
evitable rise of temperature, and to maintain the current strength
constant throughout each experiment. At the end of the specified
period, the seeds were removed, washed carefully from the adhering
salt and germinated at a constant range of temperature (24~26°).
Representative specimens of the germinating grains were removed at
intervals of 24 hours and dried by stages, at temperatures rising from
50° to 95°. The diastatic activities of the different preparations of malt
thus obtained were compared with those prepared under the same
conditions from similar specimens of barley after merely soaking
them in water and salt solution respectively. The diastatic powers
were determined by Ling’s volumetric method as modified by Hind,
Threadgold and Arnold (/. Zust. Brewing, 1926, 32, 26).

' General effects of the electrical treatment.—Barley was first steeped
In water for 24 hours and then in 1 per cent. solution of nitrate for

2 hours, followed by paspagel of current (71 x 10—3 /48

8:6 x 0—3 amp.) for 2 hours. \Ee diastatic powers of the gfflts obtained
from the treated specimens we mpagéi_'i:_wl\tlyth’ Prepared after
being steeped in water and salt soTrsunraspeciereTy.

In the course of preliminary trials it was observed that the passage
of comparatively heavy current caused the temperature of the electro-
Iyte to rise rapidly. ~The barley thus treated germinated in 12-24
hours, chiefly as the result of the high temperature of the electrolyte;
intermittent passage of current was next tried, but did not prevent the
rise in temperature. Passing a continuous stream of electrolyte
through the cells wasfound useful in maintaining a uniform temperature
and thus helping to bring about a normal germination. The malts
prepared from the different specimens dried at about the same rates,
but it was noted that those electrically treated developed a sweeter
flavour,

A study of the diastatic power of the different preparations
(Fig. I) shows that the treated specimens developed activity more
readily than the others. The latter, however, made up for the
difference within 48 hours, so that after that period there was no
significant difference between the two sets of preparations. Later
trials showed that the current densities used in the above experi-
ment were too high. It was also found advantageous to reduce the
concentration of the electrolyte.

Effect of current density on diastatic activity—The seeds were
soaked in a dilute solution (o'1 per cent.) of the electrolyte and treated
with current of different densities, for two hours in each case, the
electrolyte being kept circulating as before. The results (Iig. II)
show that a comparatively-weak current (17X 10—3 amp.) is almost
without effect on the diastatic activity. Slightly stronger currents
(286 x 10—3 amp. and 430 x 1073 amp. respectively) evoke very {m}ch
betterresponse and lead to considerably enhanced diastatic activity,
but further increase in current density to 7°1 x 10—3 amp. is without any
apparent effect.

It is difficult to explain, at this stage, the significance of the
disproportionate effects of the different current strgngths. It is
possible that a very weak current do?s not supp_ly sufﬁ_ment energy to
activate the enzyme. The distinct rise in activity noticed at the end
of 24 hours in the case of seeds trea'ted with 7°1 X 103 amp. shows that
the enzyme is, to some extent, stimulated by the treatment : there is,
however, no marked rise observed after that period while in the case
of seeds treated with 2:86 x 10—3 amp. and 43 x 10—3 amp. respectively,
the favourable effect is most prominently seen between 48 and g6

—— .
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hours.  The results suggest that after producing the initial effect, the
denser current leads to a reaction which hinders further rise in activity.

It may be mentioned, in this connection, that the different
observations recorded above are in keeping with those of many other

biological phenomena which respond suitably only under such physical
conditions as are their specific optima.

Period of treatment as affecting diastatic aclwity.—Seeds soaked
in a o'1 per cent. solution of sodium nitrate were treated with currents
of 17 x 10~3 amp. and 4'3 x 10—3 amp., which were interrupted after
1, 2, and 3 hours, respectively. They were then washed, spread out

to germinate and the diastatic activities determined at different
subsequent intervals.

The results (Fig. I1T) show that up to the end of 48 hours there
was no significant difference between the effects of the various
treatments. After that period, the specimens treated with 43 X 103
amp. showed very much greater activity than the others and continued
to do so almost to the end. Treatment with 4°3 % 10—3 amp. for
I hour was less effective than that for 2 hours: in the former case,
the activity showed a distinct decrease at the end of 96 hours, while
in the latter, it continued to rise up to 120 hours. Passage of the
current for 3 hours was not, however, so beneficial as that for 2 hours :
in the former case, the activity was somewhat depressed in the earlier
stages, and although it showed a distinct rise in the later ones, it was
at no time so high as in the latter. It may, therefore, be inferred
that the maximum increase in diastatic activity can be obtained by
treatment for 2 hours at 4°3 x 10—3 amp.

Observations on seeds treated for 1 and 3 hours respectively with
I'7 X 10—3 amp. show that there was no significant response in either
case, the diastatic activities of their malts being at no time appreciably
different from those of the untreated ones. Even prolonged treatment

with a current strength below the optimum does not, therefore, appear
to be beneficial.

 The mechanism of stimulation of diastatic power.—The increased
activity resulting from the passage df an electric current under optimum
conditions may have been due to one or more of the following causes :—
(2) Fundamental change in the composition of the substrate,
(6) stimulation of the enzyme present in the germinating seed, and
(¢) larger amounts of the enzyme being developed by the treated seed.

A study of the progress of hydrolysis shows that the electrical
treatment could not in any way have affected the composition of
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barley starch, since in that case the diastatic activity of the treated
malt should have been higher than that of the untreated, throughout
the experiment. The fact that the diastatic powers were almost the
same in all the cases for the first 48 hours suggests, on the other
hand, that only the enzyme was affected.

To determine whether the electrical treatment led to increased
activity of the enzyme unit, the following experiment was made :—
Specimens (60 g.) of treated as well as untreated malts were shaken
with distilled water (180 c.c.) for 6-8 hours and the mixtures filtered
first through cloth and then through paper pulp. The filtrates were
centrifuged and the solid contents of the clear extracts determined.
After dilution with water sufficient to render the solid contents
the same in all the cases, the diastatic activities of the different ex-
tracts were determined. To 50 c.c. lots of 1 per cent. starch solution,
10 c.c. of Walpole's acetate buffer of Py 46 and 2 c.c. of enzyme
extract were added and the mixtures maintained at 35° in a thermostat.
Aliquot parts of the mixtures were removed at stated intervals and
their sugar contents estimated by the method of Shaffer and Hartmann
(/. Biol. Chem., 1920-21, 45, 365).

The results (Fig. IV) show that although the dialysed enzyme
from treated malt is slightly more active than that from the untreated,
the difference is not so considerable as to account for the observations
of the earlier experiments. Since it has already been shown that the
extract from a unit weight of the treated malt brings about a larger
transformation of starch in a given time than that from the untreated,
it should be inferred that the former contains a higher concentration of
either the enzyme or the necessary activators, or both. In view of the
fact that only the crystalloids in the extracts were removed by dialysis,
the activators probably present in larger amounts in the electrically
treated malt might have belonged to that class.

Some doubt has, however, been recently cast on the existence of
any definite group of substances capable of activating vegetable amy-
lases. Sherman and Thomas (/. Amer. Chem. Soc., 1915, 37, 623) and
Sherman and Walker (/. Amer. Chem. Soc., 1919, 41, 1867 ; 1921, 43,
2461) found that addition of neutral salts and amino-acids led to increas-
ed rates of starch hydrolysis by amylases of vegetable as well as
animal origin. On the other hand, Koga (Biocken. Z., 1923, 142, 159)
observed that neutral salts were without any effect on vegetable amy-
lases, while Fricke and Kaja (BZer., 1924, 57, 310, 313) noted that they
actually inactivated electro-dialysed diastase. Patwardhan and Kar-
markar (/. Zndian Inst. Sci., 1930, 134, 159) recorded that amino-acids
were without any effect on wheat amylase and, in a later unpublished
{nvestigation showed that these had no influence on the activity of
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most vegetable amylases examined by them. In view of the above
and the fact that the different preparations of malt examined in the
present investigation were obtained from the same specimen of barley,
it appeared to be hardly probable that any particular activator devel-

oped in the electrically treated seed was responsible for the increased
diastatic power.

The results of the investigations of the British Board of Trade
(foc. cit.) suggest that at least a part of the beneficial effect attributed
to electrical treatment may be traced to preliminary soaking in the
electrolyte. Although the control experiments of the present series
showed that mere soaking in the electrolyte led to no response, it was
still considered possible that, on passing the current, active ions might
have penetrated the seed-coat and brought about, either directly or
indirectly, the increased diastatic activity.

To determine whether traces of the nitrate were present in the
malt of treated barley, the following experiment was made :—Specimens
of dry malt were powdered and extracted with large excess of distilled
water. The extract was passed through a coarse filter and the filtrate
treated with cupric hydroxide (Van Slyke, /. Biol. Chem., 1917, 32, 455)
to remove sugars and other organic substances. The clear and colour-
less extract was concentrated to small bulk and then tested for the
presence of nitrates with phenoldisulphonic acid and diphenylamine,
respectively. The tests were negative, thereby indicating that any
nitrate originally adhering to the barley was either removed by the
thorough washing following electrical treatment, or transported to the
plumule and the radicle during germination.

The aqueous extract of treated malt was found, after dialysis, to
contain 718 mg. of solid per 100 c.c. as compared with 45'8 and 522
mg. present in the water and the salt-treated specimens respectively.
This observation and the previous experiments suggest that the
apparently higher diastatic power of the extract from electrically treated
malt is due to a greater concentration of the enzyme therein.

Ligquefaction and saccharification of starch.—~During recent years,
considerable evidence has shown that vegetable amylases contain at
least two components, the liquefying and the saccharifying enzymes,
which (@) can be at least partially separated from each other and
(6) respond differently to a variety of physical and chemical treatments
(Wijsman, Rec. trav. chim., 1890, 9, 1; Pottevin, Ann. Iust. Pastenr,
1899, 13, 665; Frankel and Homburg, Biockem. Z., 1906, 8, 389;
Fricke and Kaja, loc. cit., Narayanamurti and Norris, /. Zudian Inst.
Sei., 1928, 12A, 134). To ascertain whether electrical treatment had
favoured the increased development of either or both the liquefying

85

and ths saccharifying components, the following experiment was
made :—To specimens (5 g.) of treated and untreated malt, 1350 c.c. of
water was added, and after being vigorously shaken, the mixtures were
treated with toluene, allowed to stand for 12 hours, filtered and the
filtrates centrifuged from suspended matter. Aliquot parts (10 c.c.) of
the enzyme solutions were added to mixtures of 40 c.c. of potato starch
(2 per cent.), 10 c.c. of Walpole’s acetate buffer (Py 4'6) and 20 c.c. of
water. The reaction mixtures were then maintained at 34° am.i their
changes in viscosity as well as sugar content determined in the
manner described by Patwardhan and Norris (/. /ndian Inst. Sci.,

1928, 114, 123).

The results (Fig. V) show that the amylase from treated barley
effected liquefaction and saccharification of starch more rapidly than
that from untreated grain. The effect of the electrical treatment was
slightly more pronounced in the case of the liquefying than the
saccharifying component, particularly in the later stages. The differ-
ences were not however so great as to suggest that the h.quefymg
enzyme was either stimulated to a greater extent or present in larger
proportion than the saccharifying component. In view of the previous
observation relating to the concentration of the enzyme, the results of
the present experiment suggest that the increased diastatic activity
observed in the case of electrically treated malt was due to larger
amounts of both components.

Effect of electrical trealmicnt on nitrogen transforinations dgw'mg
malline.—The observations of Bishop (Ph. D. thesis, Cambridge;
/. st Brewing, 1929, 33, 323) have shown that during both the
development of the barley grain on the plant and the subsequent
process of malting, there is a deﬁmtq rel.atxonshgp between the tc_)tal
nitrogen of the grain and its distribution into various forms. In view
of the above and the earlier observations regarding the relationship of
nitrogen to quality in malt, it was considered desirable to determine
the effect of electrical treatment of barley on the nitrogen contents of
malts prepared at different stages.

The germination of barley as well as the drying of the specimens
were carried out in the manner described already. The nitrogen
contents of the different preparations of malt were getermmed by the
kjeldahl method (A.O.A.C., 1925)- The results (Fig. VI) show that
the electrical treatment had a marked effect on the nitrogen content of
malt. Whereas the water and the salt-soaked specimens lost nitrogen
to the extent of only o'23 and 0°26 per cent., respectively, in the course
of 96 hours, the treated malt lost 0°58 per cent. within thfa same
period. Since:none of the nitrogen could have passed outside the
plant system and since the plumules and the radicles derived their
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nutrition exclusively from the seed, it may be inferred that the nitrogen
lost by the malt was actually gained by the seedlings (Table I).
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pressure. If the latter be the case, then the effect may be expected to
persist longer and lead to the seedling raised from electrically treated
barley responding better to manurial treatment on the seed-bed than
the one from untreated barley. Further work is needed to settle this
point.
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The researches carried out under the auspices of the Institute of
Brewing have already shown that when adopting the usual system of
steeping and malting, the nitrogen content of malt is largely deter-
mined by the amount in the original barley. It has thus been found
that the comparatively low percentages of nitrogen found in some
superior malts are due to the fact that the latter are from barleys whose
seeds were carefully selected, the plants being grown on sparsely
manured soil to avoid excessive uptake of nitrogen. The results of
the present experiment show that the quality attained after so much
trouble and expense can be secured more easily and at much less cost
by electrical treatment of the seeds previous to germination. The
nitrogen content of the malt was reduced to such an extent as would
have been possible only by starting with a barley of quality superior to
that used in the experiment. Barley responds readily to nitrogenous
manures; but since a grain of high nitrogen content is obtained
together with the increased yield, the farmer is often obliged to
sacrifice higher yield to attain better quality. The present observa-
tions show that by suitable manuring on the field followed by electrical
treatment of seed, a high yield of grain as well as superior quality of
malt can be secured.

Proteolytic cuzymes of malt—Recent investigations (Linderstrom-
Lang and Sato, Compt. rend. Trav. Lab. Carlsberg, 1929, 17, 17,
Hopkins, Biocken. J., 1929, 23, 1022) have shown barley malt contains
at least one protease and one peptidase. To determine whether the
rapid movement of nitrogen observed in the case of electrically treated
barley was due either to the activation, or increased production of the
proteolytic enzymes, extracts from treated as well as untreated malts
were prepared according to Mill and Linderstrom-Lang (Conpt. rend.
Trav. Lab. Carlsberg, 1928, 17, 9) and their action on different
substrates determined by the method of Linderstrom-Lang and Sato
(foc. ¢it)). The results did not, however, bring out any difference
between the activities of the enzymes from the two sources. The
titration figures were almost identical at Z.l” stages, tbereby suggesting
that there was no appreciable increase in proteolytic activity as the

result of electrical treatment.

Effect of electrical treatment on the gevmination of bavley.—Some
of the previous workers (e.g. Dunn, loc. cit., Bennet, loc. cit., Nehru,
Proc. liwdian Sci. Congressy, 1930, 33) reporting on different methods
of electrical treatment of seeds have stated that quick and efficient
germination of seed together witl} rapid development of the seedling
may be expected. To determine whether (2) similar advantages
follow as the result of electrical treatment of barley under the optimum
conditions, and (&) the increased enzyme activity observed durine
germination bears any relation to the development of the seedling, thz
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following experiment was made :—The seeds were steeped successively
1n water and electrolyte in the manner described already and a current
of 4°3 x 10~3 amp. passed through them for 2 hours. They were then
washed carefully and germinated on moist sand at a uniform range of
temperature (23—25°). The rate of germination was determined by
counting the number of seeds whose plumules had just emerged at each
stage of observation. The development of plumules and radicles was
studied by measuring at stated intervals the respective length inalarge
number of representative specimens. The data thus obtained were
compared with those for seeds merely soaked in water and electrolyte
respectively.

A study of the percentages of germination at different stages
(Fig. VII) shows that the electrically treated seeds sprouted very much
more quickly than the untreated. Up to the end of the third day, the
treated seeds germinated at nearly twice the rate of the untreated; after
that period, the latter began sprouting at a relatively higher rate than
the former and although the percentages of their germination were, at
no time, so high as in the case of treated seeds, the observations suggest
that the effect of electrical treatment was essentially one of hastening
germination. It is possible that the treatment helped the germination
of a small percentage of seeds which would not otherwise have
emerged, but the results of the present experiment show that such an
effect is very much less pronounced than that of quickened germination
of seeds which would otherwise have sprouted more slowly.

Further examination of the results of germination at various inter-
valsin the different cases shows that about 50 per cent. of the total
number of seeds germinated between the first and the fifth days and
about 30 per cent. between the fifth and the sixth days. The effect of
the electrical treatment appears to have been chiefly one of hastening
the germination of the seeds that sprouted during the first of the two
periods mentioned.

It is not possible to state from the above observations whetherthe
early germinating seeds favoured by theelectrical treatment were in any
way different from the others. Since it is known that even among
mature grains collected from the same ear, some germinate less readily
than others, it is hardly likely that there could be any measurable
physical or physico-chemical difference between the seeds that respond
readily to the treatment and those that do not.

The results of the germination studies explain in part the increased
diastatic activity observed in the case of electrically treated malts. The
investigations of Brown and Morris and other earlier workers have
shown that, depending on the prevailing climatic and other conditions

89

the diastatic power of germinating barley increases up toa certain period
after which it decreases with considerable rapidity. There is also
marked loss in the dry weight of malt owing to the major part of the
solid matter having passed out into the seedlings. To secure the best
results, the maltster is obliged to stop the germination of a batch of seeds
on a particular day whether the germination of all individual grains is
sufficiently advanced or not. The specimen of malt which is kilned at
the desired point consists, therefore, of a certain percentage of
seeds whose germination has procceded up to the maximum
diastatic power, and of seeds which have either over, or under germi-
nated or not germinated at all. The diastatic power and the general
quality of the malt will be determined more by the proportion of seeds
which have germinated up to the desired point rather than by the
others. The results of the foregoing trials lead to the inference that at
the time of arresting germination on the fourth day, over 40 per cent.
of the electrically treated seeds would have developed the maximum
concentration of active enzyme, while in the case of the untreated the
corresponding percentage should have been about 20. It thus follows
that by effecting a quicker and more uniform germination, the electri-
cal treatment helps to secure a malt with greater concentration of
enzyme than would otherwise be possible. The increased diastatic
power is also largely explained in this way.

The length measurements of plumules and radicles were carried
out with seeds, whether treated or not, which germinated on the same
day. The results may, therefore, be regarded as indicating the rates
of development of the respective seedlings as distinct from the percen-
tages of germination described in the previous experiment.

A study of the rates of development of the radicles (Fig. VIII)
shows that those of the electrically treated barley grow about
50 per cent. more quickly than those of the untreated grain. In
the case of the plumules, the difference is not appreciable up to the
end of 48 hours, after which the treated grains develop much more
quickly than the untreated, and maintain the difference up to the end
of 120 hours. The correlation of development-rates of plumules and
radicles between themselves, and with the simultaneous intake of
nitrogen is positive, but notclose. Thus whereas tbe intake of nitrogen
within the first 20 hours is very rapid, there is no proportionate
development of plumules and radicles. Between 48 and 72 hours the
movement of nitrogen is very slow, b_ut the develo.pment of the seed-
ling proceeds rapidly during this period. A scrutiny of the. results,
suggests that there 1s a lag of about 24 hours between the intake of
nitrogen and its visible effect on the development of the seedling.
Such a period is presumably required for the movement of the nitro-
genous compounds into the different parts of the plumules and radicles,
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and their re-synthesis into proteins. The effect of the nitrogen intake
is first seen in the case of the radicles, which respond almost
immediately, while in that of the plumules it follows only about 20
hours later. Allowing for the lag in each case, it may be noted that
there is striking agreement between the intake of nitrogen and the
subsequent development of the seedling.

The foregoing observations suggest that in addition to increasing

the efficiency of germination, the electrical treatment brings about .

quicker movement of nitrogen into the seedling followed by more rapid
development of the plumules and radicles than in the case of the
untreated grain. Since the better formation of the seedling will favour
the conditions for rapid photosynthesis as well as assimilation of
mineral nutrients from the soil, it may be inferred that the electrical
treatment of the seed will prove beneficial in the early stages of plant
life. )

There is striking agreement between the diastatic activity of malt
at different stages and the corresponding development of seedlings.
The correlation is closer in the case of the plumules than in that of the
radicles. Thus, it may be noted that up to the end of 48 hours the
diastatic power of treated malt is not significantly different from that
of the untreated, and the same applies to development of the plumules.
After that period, however, the diastatic power of treated malt increases
more rapidly than that of the untreated, and similarly the plumules of
treated barley develop faster than those of the untreated grain.

In the early stages of plant life, the seedling is dependent on the
parent seed for its nutrition. The movement of the food materials into
the seedling is rendered possible by the activity of the different
digestive ferments, particularly that of amylase on starch. Since the
electrical treatment leads to the development of a greater concentration
of diastase in the germinating grain, it may be inferred that there is
quicker and more efficient conversion of starch into soluble carbo-
hydrates in the case of the treated grain than in that of the untreated.
Since the rapid movement and consequent assimilation of the nutrients
connotes more favourable development of the seedlings, it follows that
the better growth of the electrically treated seedlings is due to the
greater activity of the different enzymes, particularly that of amylase,
in the germinating seed.

In the mature plant system, the nitrogenous as well as the mineral
nutrients collected from the soil proceed from the roots to the different
parts of the plant, while the carbohydrates and other products of photo-
synthesis move in the reverse direction. A similar order of movement
appears to prevail in the seedling. The correlation studies suggest
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that the movement of nitrogen is first to the radicle and then to the
plumule, while that of the carbohydrate is in the opposite direction.

Effect of electrical treatment of malting barley on the specific gravity
and nitrogen content of wort.—Specimens of malts prepared from
treated as well as untreated barley were ground to coarse powder,
mixed with five times their weight of water and maintained at 55° for
6 hours. The mixtures were then boiled for 1 hour, allowed to cool,
filtered, the solid washed and the filtrates made up to the same value
in each case. The worts were compared for colour, aroma, nitrogen
content and specific gravity. The experiments were repeated many
times and the observations representing ranges of values have been
presented in Table II.

TABLE II.
| Ni Specifi
Source of extract: | Nitrogen pecific
treatmment of seed Colour Odour | per cent. gravity
i
i
Treated with 4-3x 10-2 amp. for; Orange ... Highly 0-140-0-163 1063-1-064
2 hours aromatic ...
Untreated :
Soaked in electrolyte ...| Light yellow.| Faintly 0-198-0-201 1:045-1:046
i aromatic ...
Untreated : i
Soaked in water ...| Pale yellow... do. 0-207-0'233 1-042-1-045

It is rather difficult, at this stage, to explain the differences in
colour and aroma though the starting materials and details of malting
were the same in all the cases. The observations suggest that some
caramelisation has occurred in the case of the treated specimen, but
since the conditions of drying the malt and boiling the wort were
identical, it is hardly probable that the differences observed were due
to greater heating during those stages. Since the only difference
between the various worts consisted in the original treatments of the
barleys concerned, it may be inferred that the e.lectrlca.l treatment had
produced an effect allied to kilning at a relatively high temperature.
In this connection, it should be noted that strong heating as in the
case of mild ale or porter malts tends to lower the diastatic power
while the electrical treatment actually helps to increase it. The
effects of the two treatments cannot therefore be regarded as identical.

The results of the replicate determinations of the nitrogen contents
of the different preparations vary so considerably among themselves
that it is not possible to draw any definite conclusion from them.
It may, however, be said in a gqneral way,.that wort prepared from
electrically treated barley contains less nitrogen than that from

untreated grain' '
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The differences between the specific gravity of the different
worts are more striking, that from treated barley corresponding to a
malt extract of about 157 per cent. while those from untreated grain
approximate to only 10'g per cent. The maltose and dextrin contents
vary in a similar manner and, reckoned according to the Brown and

Morris formula, they would be 16'9 and 117 per cent. for the worts -

from treated and untreated barleys, respectively.

The foregoing observations raise various points of academic
interest and practical importance. The deep colour and the sweet
odour of the wort suggest that the electrical treatment had produced
certain physico-chemical effects akin to that of strong heating without
impairing the activity of the enzyme. The low nitrogen and the high
sugar contents appear to be related and suggest that by the rapid
removal of the nitrogenous compounds to the plumules and radicles,
quick and efficient hydrolysis of starch and other polysaccharides by
the different enzymes was rendered possible.

DISCUSSION.

The researches of Lintner, Osborne and other earlier workers have
shown that vegetable amylases occur in association with proteins,
chiefly albumins, from which it is not possible to separate them
without impairing the enzymic activity. Sherman and Gettler observed
that the distribution of nitrogen in a number of preparations of animal
and vegetable amylases was the same as in proteins and concluded
therefrom that the enzymes are proteins in nature (/.A4.C.S., 1913,
35, 1790). Liers (Biochem. Z., 1920, 104, 71) as well as Baker and
Hulton (/.C.S., 1922, 121, 1929) obtained evidence to suggest that
barley malt amylase is derived from the proteins of the grain. The
observations of many of the later workers (e.g., Van Laer, 7. Ges.
Brauww. 1914, 36, 489; Willstitter, Waldschmidt-Leitz and Hesse,
Z. physiol. Chem., 1923, 126, 143 ; Fricke and Kaja, Ber., 1924, 57,
765 Narayanamurti and Noerris, /. [udian Inst. Sci., 1928, 11A, 134)
did not support such views. No definite evidence has however been,
so far, obtained either to establish the chemical nature of the enzyme
or to exclude the need for its association with proteins.

It is generally known that malts derived from barleys rich in
nitrogen possess high diastatic power (Rothamsted Conference on
Malting barley, /oc. cit.). The observations of Bishop (le. cit.) have
shown that the percentage distribution of nitrogen in barley is the
same for all specimens belonging to a particular variety. It may be
inferred from the above that the actual quantities of the different
proteins present in the seed as well as in the derived malt would be
proportional to the total nitrogen content of the former, Assuming
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that barley malt amylase is a protein, it would follow that its quantity
as well as its activity would depend on the nitrogen content of the
seed. The results of the present investigation do not, h'owever, lend
support to such a view: the mait prepared from electrically treated
barley contains less nitrogen but more active enzyme than the one

- from  untreated grain. Since the lower nitrogen content of the

electrically treated malt is due to the rapid movement of the former
into the seedling, it would, therefore, appear that the amylase protein
(if such it is) differs from the ordinary seed protein in that it cannot
be hydrolysed by the proteolytic enzymes present in the seed and thus
be transported to the seedling.

It has been estimated that during steeping, the barley grain
absorbs about 50 per cent. of its weight of water (Ross-Mackenzie,
Brewing and Malting, 1926) which causes the proteins and the starch
to swell up to soft masses holding water and salts in their interstices.
In such a condition the seed offers a low resistance to the passage of
electricity and it may therefore be assumed that during the electrical
treatment, quite a considerable part of the energy passed through the
seed.

The barley grain is rich in albumins which are more sensitive to
physical and physico-chemical changes than the other proteins
and in view of the observations of Hardy, (/. Physiol., 1899, 24, 288)
it may be inferred that even a current of relatively low density would
have denatured quite a large part of the albumins and the other
associated proteins of the seed.

The observations of Mendel and Lewis (/. Biol. Chen., 1913-14,
16, 55), Bateman (/. Biol. Chem., 1916,26, 263), Finks and Johns (A .
J. Physiol., 1921, §1, 61) and later workers have established that
proteins are digested by proteolytic enzymes very much more readily
when denatured than if raw. It would therefore follow that the proteins
of the electrically treated barley would be hydrolysed more readily
than those of the untreated grain during germination. This explana-
tion accounts for the quick transport of nitrogen into the seedlings of
electrically treated barley, but casts considerable doubt on the possi-
bility of malt amylase being a protein allied to albumins. It may be
expected that a treatment leading to the denaturation of proteins would
have inactivated, at least partly, an enzyme belonging to the same
class of compounds : but the increased activity observed in the case of
malt amylase shows that although the enzyme may occur associated
with proteins, and may even have the same dxstrlbqtton of nitrogen as
the seed protein, its structure and properties are different from those
of proteins.

It is well known that malt derived from barley rich i‘n nitrogen
has a high diastatic power, but yields a wort of low specific gravity,
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while the reverse is true of grain containing less of that element.
Diastatic power being a measure of the initial rate of action of the
enzyme on the substrate, it would appear from the above that the
presence of nitrogenous compounds is favourable to the hydrolysis of
starch by amylase in the early stages. The low gravity of the wort
obtained after prolonged action of the enzyme suggests on the other
hand that, in presence of excess of nitrogen, the conversion of starch
into maltose and dextrins does not proceed tocompletion. The present
investigation has already shown that (&) malt amylase acts indepen-
dently of the nitrogenous compounds of the grain, and (4) rapid removal
of nitrogen from the seed helps to increase the efficiency of the hydro-
lysis.  The foregoing observations lead to the inference that although
malt amylase occurs in association with the nitrogenous compounds of
the grain, yet these, in some way hitherto obscure, hinder the prolonged
action of the enzyme on starch.

In the initial stages of preparing a wort, much of the water-soluble
as well as the salt-soluble proteins of the malt would pass into solution,
the quantities thus peptised depending on (&) the quantities of
inorganic salts present in the water, and (¢) the total nitrogen of the
grain. As the enzyme action progresses, the relatively high tempera-
ture, together with the increasingly acid reaction would bring about the
denaturation and coagulation of the dissolved proteins, the quantities
thus precipitated increasing at logarithmic rate as shown by Chick and
Martin (/. Physiol., 1910 40, 404 ; 1911, 43, 1; 1912, 4§, 61, 261). The
coagulated proteins would naturally settle on the particles of unattacked
grist, the thickness of this protective layer depending on the quantity
of protein originally in solution. At the same time, increasing
quantities of hordein from incompletely malted grains would dissolve,
the change in reaction facilitating their ready peptisation. Though
hordein is not readily coagulated by heat, it may be expected that its
occurrence around the unattacked particles of malt would add to the
protective action exercised by the coagulated proteins.

Although the precise nature of the action of amylase on starch is
still obscure, yet it is now definitely known that the hydrolysis is
preceded by the adsorption of the enzyme on the surface of the starch
gel.  The occurrence of coagulated protein around the particles of
unattacked grist would naturally interfere with the adsorption of the
enzyme on the substrate, the extent of such hindrance depending on
the thickness of thelayer of protein. As already mentioned, the protein
content of malt is proportional to its total nitrogen so that the extent of
the hydrolysis of starch and, consequently, the specific gravity of the
wort would be determined by the nitrogen content of the malt. It may,
at the same time, be expected that some of the hordein and other
resistant proteins which are not fully coagulated even on boiling the
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wort would find their way to the fermenting vessel, where, with the
greatly increased acidity, saturation with carbon dioxide, lowered
surface tension and viscosity and decreasing specific gravity, they
would pass into the suspensoid condition and thereby (&) prevent
mechanically the active functioning of the yeast and (4) introduce
cloudiness in the fermented liquid. The extent to which such effects
are produced will depend onthe nitrogen content of the original barley
for reasons stated already.

The above explanation would probably account for the various
observations recorded by previous workers on the significance of the
nitrogen content of malting barley to the brewing industry. In view
of the technical importance of the subject, it is des;rable that a
further systematic investigation on the relation of different types
and conditions of vegetable proteins to the action of amylase on
starch be undertaken. Although the presence of suspended protein "
is detrimental to the success of the fermentation, yet the observations
of Chapman have shown that the occurrence of useful amounts
of dissolved nitrogen in the wort is necessary for the nutrition of
yeast and the successful fermentation (Rothamsted Conference, loc. c¢.).
In view of the above and the fact that the rhalt protease is not general-
ly sufficiently active to hydrolyse the superfluous amounts of proteins,
it would appear that the addition of small quantities of highly active
and thermo-resistant vegetable proteases like papain to either the mash
prior to boiling, or the wort during cooling, may help to achieve the
desired end.

The available data do not throw any light on the varied effects of
different () concentrations of electrolyte, (4) densities of current and
(¢) periods of treatment. Further study of the energy distribution
between seed and electrolyte, and the attendant physical and physico-
chemical changes should be made before the significance of such

observations can be understood.

The conditions relating to the steeping of seed prior to the electri-
cal treatment also deserve further study. Thus,' an investigation of
the effects of varying («) the periods of steeping in water and electro-
lyte respectively and (4) the nature, the concentration and the reaction
of the electrolyte, may lead to useful results. Owing, probably, to the
prolonged preliminary steeping in water, or the quick movement of-the
absorbed nitrate into the seedling, none of the electrolyte could be
detected in the malts prepared by us. It is, however, possible that
under other conditions, considerable amounts of the elec}ro]yte may be
present in the seed, and thereby inﬁuer_lce (a) the germination of the
seed and the development of the seedling and (/) the quantity of the
derived malt.
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The results of the present investigation also have a practical
interest. The importance of the different observations to the brewing
industry has already been outlined. Similar advantages may be expect-
ed to follow in the manufacture of malt syrup, malt vinegar and
industrial alcohol from starchy materials. It may, perhaps, be argued
that electrically treated malt will have a low nutritive value owing to
its reduced nitrogen content, and therefore be unsuitable for the manu-
facture of malted foods. Since, however, most of such food materials
contain large quantities of evaporated milk or such other products
which are rich in proteins, it is hardly likely that their nutritive value
would thereby be appreciably impaired : on the other hand, the high
concentration of amylase and sweet flavour would commend the use of
electrically treated malt in such industries.

The possibility of the application of electrical treatment to the
manufacture of active preparations of various digestive ferments also
deserves systematic investigation. Although our preliminary observa-
tions indicated that castor-seed lipase may not respond to the treatment,
it is yet possible that the amylases, lipases, proteases and other charac-
teristic enzymes present in a large number of other seeds, or in plant
and animal tissues, would be readily activated under conditions similar
to those described in the present study.

The results of this investigation indicate that the electrical treat-
ment of seed may prove beneficial in the early stages of plant life. In
view, however, of the reports of Brenchley, Goddard and others (/.
cit.) regarding the ineffectiveness of the seeds treated by the Wolfryn
process, it is desirable that further systematic field trials should be
conducted. It is possible that factors such as age and previous
condition of seed, season and soil conditions, may influence the efficacy
of the electrical treatment of seeds. Further laboratory work should
also be pursued along lines already suggested for malting barley, so
that the maximum benefit may be derived at minimum cost ; this has
been begun in the biochemical laboratories of the Indian Institute of
Science ; but in view of the variety in (@) soil and climatic conditions
of different countries, and (4) technical details relating to malting and
related industrial operations, it is desirable that similar investigations
should be conducted concurrently in other parts of the world.

SUMMARY.

The effects of (a) concentration of electrolyte, (4) current density,
and (¢) period of treatment of barley on the diastatic power of malt pre-
pared from it were studied. It was found that preliminary soaking in
water for 24 hours followed by steeping in a o'1 per cent. solution
of sodium nitrate and passage of alternating current (25 cycles, 210 V.,
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and density, 4°3 x 10-% amp.) for 2 hours led to over 100 per cent.
increase in the diastatic power of malt.

A study of the various factors leading to the activation showed
that (a) the activity of the enzyme unit was the same as in malt pre-
pared from untreated barley, (6) no evidence of any change in either the
properties of barley starch or the nature of enzyme activators could be
obtained, (¢) under the experimental conditions, even traces of the
electrolyte could not be datected in the treated malt and (<) evidence
was obtained to show that the concentration of the enzyme as well as
of its liquefying and saccharifying components was greater in the treat-
ed malt than in the untreated.

The movement of nitrogen into the seedling was more rapid in the
case of electrically treated barley than in the uatreated grain. There
was, however, no evidence to show that the protease activity of the
former was greater than that of the latter.

The treated grains germinated in greater proportion and with more
uniformity than the untreated. The seedlings of the former also devel-
oped faster than those of the latter.

The wort from electrified malt had a deeper colour, better aroma,
less nitrogen and about 50 per cent. more sugar than the preparation
from untreated malt.

There is evidence to show that although the enzyme amylase
occurs in association with the proteins of the grain, it is not itself a
protein. The observations suggest that, when present in excess, the
proteins of the malt form protective layers around the starch and thus
hinder the action of amylase from proceeding to completion.

The academic as well as the practical significance of the foregoing
and allied observations have been discussed and f Sines of work
indicated. ’ ! i
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