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IS

PUBLICATIONS DURING THE YEARS 1918-20.

SCIENTIFIC PAPERS.

CROPS AND PLANT GROWTH.
\. WiMKUKD E. l^RicNCill.KV. " SoDie Factors in Phnit

Conil^etitioii." Annals of Applied Biokii^v, 1920. \'u\.

\T. pp. 142-170.

The conipelition exhibited when plants of the same or different

s|)ecies grow in juxtaposition is complex and includes :

—

1.—Competition for food from the soil. 2.—Competition for

\\<iler. 3.—Competition for liiLjht. 4.—The possible harmful

effect clue to toxic excretioris from the roots, if such occur.

The i^eneral effect of competition (includiny^ 1, 2, 3 above) has

been studied in pot cultures, when a varyinj^ number of plants are

L;rown in the same bulk of soil. The effect of competition for lii,''ht

A\as investii^ated bv means of water cultures, in which a number of

plants each equally furnished with food and water, were crowded
toj^ether as closely as possible, while a similar set of plants was
i^iven sullicient space to avcMd the shading;- of one plant by another.

With limited food supply the dominant factor in competition

is the amount of food and particularly of available nltroi^en. Other
things being equal, the drv matter produced is determined by the

nitrogen supply, irrespecti\e of the number of plants drawing
thereon.

With limited fot)d su])plv the efficiency index of dry weight

production decreases with the number of plants, as the working
capacity of the plant is limited by the quantity of material available

for building up the tissues.

(N.B.—" EfTiciencv Index " is tiie term employed by \'. H.

Blackman to exj^ress the rate per cent, at which the dry matter of a

plant increases during growth.)
3.—The decrease in light caused by oyercrc:)wding is a most

potent factor in competition, even when an abundance of food and
water is presented to each individual plant. With barley the effect

of light competition is to reduce the number of ears ; to cause great

irregularity in the number of tillers produced ; to reduce the amount
of dry matter formed ; to encourage shoot growth at the expense of

root growth, thus raising the ratio of shoot to root ; to increase the

variation in the efliciencv indices of dry weight production of a

number of crcjwded plants, Icjwering them on the average ; to de-

crease the pc:)wc;r of the plants to make use of the food supplied to

the roots, as evidenced by the total quantity of nitrogen taken up
1)\ similar numbers of plants when spaced out and crowded.

4.—With adequate illumination (in barley) there is a tendency

towards the production of a standard type of plant in which the

relation between the number of tillers and ears, dry weights, effi-

ciency indices, and ratios of root to shoot approximates within

variable degrees to a constant standard. \\'ith overcrowding, this

approximation entirely disappears.

II. Wixii-RHi) E. Brkxchi.I'V. " ())i tlic Relations between
(IrowtlL and the Envirotunetital Conditions of Tempera-
tare and Bright SioisJiine." .Annals of .Applied Bio-

logy, 1920. \'ol. \T. pp. 211-244.

The amount of gn^wth made by any crop in the field and the

rale at which maluritv is reached are influenced by manv factors,
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sucli as tcmperjiturc, rainfall, season, sunlit^hl, soil conditions and
available plant food. An attempt was made to isolate some of
these factors by ^•ro\\ini;- a number of series of peas in water cul-

tures throui4hout a jx-riod of sixteen months, results beinf^f thus
obtained for all seasons of the year. Measurements of maximum
and minimum tem|)eratures and number of hours of bright sun-
shine were re(\">rded throui^hout, and provided a basis for statisti'-al

correlations. T'arallel series were usually thrown, in one of which
the nutrient solutions were chanj^ed weekly so that an abundant
food supply was assured, whereas in the other the solutif)n was not

renewed, and the food suppiv was severely restricted.

It was found that orrowth may be divided con\enicntlv into

two well-marked periods.

(a) 1st period, from the seedlint; sta^e till the time that the

plant reg-ains its initial weight after the loss by respiration, i.e.,

the time durinj^ which a casual observer would sav the ])!ant
" makes no <^rowt]i."

(h) 2nd period, succcedin<^ the former, during- which the plant

is obviouslv making growth, and which continues till the latter

ceases and dessication sets in.

The lengtli of the first period varies invcrselv with the mean
maximum temperature, as the rate at wh.ich assimilation is able to

make good the loss bv respiration increases directlv with rise of

temperature, up to a certain limit.

The possible amount of growth, as measured b\- the drv matter
pi'oduced, depends entirely upon the bright sunshine and tempera-
lure when the food sujjplv is adequate, l)ut when the latter is

limited the total growlli is nuich less owing lo the lack of material
h)r buildings ui3 the tissues. Bevond a certain limit, however, the

beneficial factors of licat and l)right simshine become harmful and
result in the premature death of the plant.

During the first period the rate of growth, as shown bv the

eHiciency index, was associated with relati\elv warm da\s and
nights, bright sunshine having little significant effect ; the light,

however, was good throughout for the season of the vear. During
the second period tlie rale was associated stronglv with sunshine

and warm days, but not significantlv with the night temperatures,

which did not fall below 32>' V.

During- the greater part of the vear llie maximum rate of

growth is reached earh in life, but in winter, when temperatures
ru'e low and lliei'c is little briglit simsliine, the niaxinuun rate is

not attained till much later.

Plants with a restricted food suppK make less total growth
than those with al)undant food. The falling off in the amount of

dry matter j)roduced does not seem to be gradual but is marked by
definite periods, (if which the incidence \aries at different seasons.

During ihe period of actual growth, the shoot increases in

weight far more rapidb; than tlie root. Increase in shoot growth
is closeh associated with ris- in Ii'mperature and root growth is

adversely affected h\ low me:m m;iximum lem|)eraUu (.'s. Rise in

maximum temperaliue has nnicli less beneficial acti(Mi upon the

roots than upoii the sh.oots.

In earlv stages of growth, the amount of nitrate absorbed by

the plant is relativelv large in comparison with the dry matter pro-

duced, but later on more dr\- matte'- is hu-med in |iroportion lo the
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same ainount of nitrate, owintj' to the acciinuilation of the products
of assimilation.

III. "Winifred E. Bri-nchlky and Violet G. Jackson.
" Root Development in Barley and Wheat under
different conditions of Groivfh." Annals of Retain

,

19'21.

Investigations have been beg-un on the effect of various

manures as superphosphate, sulphate of potash and nitrate of

soda on the root svstems of barlcv and \\heat. Most of the ex-

periments were made in pot i iiltures and the roots washed out at

regular intervals lo obtain the various stag-es (^f development.

Two forms of roots are produced :—
1.—Much branched roots, most of which proceed from the

grain. These are rather thin, long", and bear very numerous fine

laterals, with root hairs onlv near the tip.

2.—Thick unbranchcd roots arising" from the nodes as well as

the grain, white in colour, and densely clothed with root hairs

throughout their length. At a later stage these roots branch and
approximate more closelv to the others in appearance.

\\'ith barley, superphosphate encourages the development of

vmi)ranched roots, sodium nitrate having no effect. \Vhen the

plants are about three months old no niore unbranched roots seem
to be formed. The maxiiiuim root development was reached at

about tlie time that the ears were ready to emerge from their

sheaths, i.e., when pollination and fertilisation of the ovule were
about to take place. \Vith superphosphate alone and with nitrate

alone, however, this maximum was reached somewhat earlier, so

that apparently root growth culminated with the final stage of pre-

paration by the plant for grain forniation. In other words, during"

the period of purely vegetative growth the plant needs large sup-

]5lies of nitrogen and ash constitueiits to aid in building up a strong
shoot in readiness for grain fnrniation, and the root steadily in-

creases in order to be able adequatelv to cope with this demand.
During the reproductive phase, on the other hand, ^"egetative

development is reduced to a mininium, and the whole of the plant's

energy is diverted towards the grain. .Although nitrogen and ash

constituents are just as essential as before, the area of supply is

increased, as migration of these .substances from the straw into the

grain goes on froni the outset. This reduces the strain on the

root, and as such a large absorbing area is no longer required it

appears that the excess provision may be got rid of by a steady

process of deca}-, as the weight of the root steadilv decreases when
once the maximum is reached. The ratios of root to shoot f.t

different periods are also discussed, a great increase of the

shoot/root ratio occurring wliere the unbranched roots cease to be

formed.

With wheat the unbranchcd roots increase in numbers less

rapidly th:m in barley, but persist as such for a longer period.

There is in wheat nothing to correspond w-ith the sudden dis-

appearance of white roots which occurs in barlev about 11 weeks
after sowing, for in wheat the decline in white roots coincides with
the decrease in weight of the complete root system, whereas in

barley the formation stops suddenlv when the ratio between shoot
and root growth begins to change.
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The paper concludes a\ ith a discussion of :

—

1.— riie influence of environmental conditions other than
manuring- upon root g-rowth.

2.—Influence of different types of manuring upon root growth.

1\'. WixiFRi-D K. Brkn'chlkv. " The Development of the
Flo7ver and Grahi of Barlev." journal of the Institute
of Brewing, 1920. Vol. XXVl". pp. 615-632.

An account is given of the development of the ear and flower of

barley from the time the young ear is about |-inch long until the
grain is fully developed. The method of flowering in barley is to

a large extent chnracteristic of the tyj^e, as in some cases the
glumes open and in others remain closed at the time of pollination.

With closed-glume flowering cross-fertilisation is of course im-
possible, and even with open flowering it is the exception rather
than the rule.

The developmental history of the grain indicates that the awns
are of considerable ph\siological importance, and in everv barlev
ear the largest and heaviest grains are in tlie middle of the ear, and
the longest awns occur on these grains, indicating some correlation

between weight of grain and length of awn. The awns are

essentially transpiring organs. Transpiration is most active

during the development of the spike and grains, rising to a maxi-
mum just about the time the grains reach the milk stage.

\'. M\Rv D. Glvwe, B.Sc. and \'iolf.t G. Jackson, B.Sc.
" Tlie Disivihution of Dry Matter and Nitrogen in the

I'otato Tuher (variety, King Ed^iuird )." [ournal of

Agricultural Science, "l919. ^'ol. IX. p]). 2.37-258.

King Kdward Votatoes were grown in 1917 on Little Knot
Wood Field, Rothamsted, lifted about the end of Septenil)er, 1917,

and examined in tlie laboratory early in 1918.

The percentage of dry matter in the potato tuber was
lowest in the skin ; it increased to the inner cortical laver, the

zone containing the greater part of the vascular system, and de-

creased towards the centre of the tuber. Tvpical results are :—

-

DRY MATTER IN DIFFERENT ZONES OF THE TUBER.
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In each zone the proportion of dry matter is his/her towards
the umbilical than the terminal end of tiie tuber.

The percentage of nitroi^en in the fre.sh material tends to de-
crease from the skin to the inner cortical layer and to increase in

the medullary zone. Thus it increases from zone to zone in the
opposite direction to the drv matter.

Nitroj^en tends to increase witii dry matter from the terminal
to the vunbilical i-nd. The results are:

—

Avi:i^a(;e of 3 Smalt, Tui^.kks.

Section

Skin .

Cortical, outer

,, inner .

Medullary, outer

., inner

1
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VI. O. N. PiKvis. " The Effect of Potassium Salts on the

AnatoDiy of Dactylis Glomerata," Journal of Agri-

cultural Science, 1919. Vol. IX. pp. 338-365.

Stems of Dactylis gJovierafa were collected from grass plots

which liad received different manorial treatment as regards potash.

The yield of hay from these plots during the period of tlie in-

vestigation was in close agreement with the average, showing that

the season v,as not abnormal.
The thickness of tlie wall, the diameter of the lumina and the

ratio of the lumen to the wall were measured both in sclerenchyma
and metaxylem elements. In the early stages the sclerenchyma
walls were thinner where potash had been supplied, but this effect

w as lost as the season progressed.

The lumina were larger in plants whicli liad received potash

wlien nitrogenous fertilisers had not been added, but in the

oresence of ammonium salts, this effect was reversed.

In the xylem the thick'ness of the walls was unaltered, wlu'ther

potassic fertilisers were added or not. When no nitrogenous
manures were added the diameter of the lumen was decreased in

the presence of potash, but when ammonium salts had been
applied, the diameter was increased by the application of potassic

fertilisers.

The addition of potassium salts produced an increased ratio of

lumen to wall, but this effect gradually passed off. Presumably,
therefore, potassic fertilisers reduced the strength of mechanical
cells in the earlv stages of growth. This conclusion, however,
would not ho]f\ if potassimn salts affected the (-(imposition of the

wall.

F'rom these results it is concluded that the rigidity of plants

supplied with potassium salts is not the result of anatomical

strengthening, but must be attributed to other causes, such as the

influence of the salts on th(.' phvsiological condition of the plant, or

oti its cliemical composition.

y]\. R. A. P'lSHKR. " Studies in Crop Variation. An
F.xuDiinatiou of the Yields of Dressed IVIieat front

Hroadindk." fournal of .Agricultural Science, 1921.

Vol. XI.

.\ study of the variations in yield on Broadbalk where wheat
has been grown continuously since 1843.

Three types of variation are found due respectixely to (1)

amiual causes, primarily weather; (2) steady deterioration of the

soil
; (3) other slow changes, among which changes in weed flora

are considered. The effect of weather is reserved for further con-
sideration. The effects of soil deterioration and other slow changes
are studied at length.

On the unmanured plot, the decrement in yield is of the order
of 0.8%, or less than 1 bushel in 10 years. If this rate were main-
tained, the plot would still last out another 125 years. \\'here

farmyard manure is applied there is practically no falling off in

yield ; this crop also show s the least variation due to weather.
With complete artificials, however, there is a deterioration,

but less with heavy than with light dressings of am-
monium salts, which is not quite in accordance with the Law
of Diminishing Returns. With incomplete artificials, however.
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the falling- off is more marked, excoedingf that of the unmanured
crop. The fig^ures are :

—

Plot. Manure.

-

,

. , , Mean annual ,,
,Mean yield , , Mean annual

T3 / ,
decrement : •,

Bushels T3 , 1
decrement

Bushels
per acre.

3&4
2b.

None . . . 12.27 J_. 39
Farmyard manure . 34.5.^ -^ .74

Complete artificials

(treble ammonia)' 35.69 ±.93
Do.(doubleammonia)i 31.37 + .90

Do. (single ammonia) 27.58 -i- .71

per acre.

.097

.031

.092

.144

.141

%

.79 ± .lf>

.09 j- .11

.26 ±.14

.46 ±.15

.62 -: .19

iNTOMPLKTF, .ARTIFICIALS.

Plot.
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by year and month bv month in the same way as the ammoniacal
nitroi^en and the rainfall until 1910, since when there has been no
simple relationship.

Reasons are adduced for supposing- that the ammonia arises

froin several sources. The sea, the soil and city pollution may all

contribute. Neither the sea nor city pollution seems able to

account for all the phenomena : the soil is indicated as an important
source bv the fact that the ammonia content is hii^h durin^^ periods

of hig'h biochemical activiu- in the soil, .-ind low during' periods cf

low biochemical activitv.

The close relationship between the amounts of ammoniacal
and nitric nitrogen suggests either a common orig^in or the produ<-
tion of nitric compounds from ammonia.

The average amount of chlorine' is 2.4'A [)arts per million,

bringing down 161bs. per acre per annum. The fluctuations

closely follow the rainfall both month by month and year by year,

but the general level is much higher during the months September
to .April than during the summer months. It seems probable that

the chlorine comes from the sea, but some may come from fuel.

Since 1888, when the experiments began, to 1916, when they

terminated, there has been a rise in the amounts of nitric nitrogen

and of chlorine in the rain. In the case of chlorine a parallel

series of determinations made at Cirencester over the same period

shows a similar rise. There is no rise of ammonia, but on the

contrary a tendencv to drop : the sum of ammoniacal and nitric

nitrogen shows little change over the period. This seems to

suggest that a former source of ammonia is now turning out nitric

acid : it is possible that modern gas burners and grates tend to the

formation of nitric oxides rather than of ammonia.
Rain contains on an average 10 parts of dissolved oxygen per

million, the amount being higher in winter than in summer:
66.41bs. per acre per annum were brought down during the two
years over which the detemiinations extended.

The marked difference in composition between summer and
winter rainfall suggests that these may differ in their origin. The
winter rain resembles Atlantic rain in its high chlorine and low-

ammonia and nitrate content : the summer rain is characterised by

low chlorine but Wgh ammonia and nitrate content, suggesting

that it arises by evaporation of water from the soil and condensa-
tion at higher altitudes than in the case of winter rain.

CHANGES OCCURRING IN THE SOIL.

IX. E. J. Russell and E. H. Richards. " The IVasliing

Out of Nitrates by Drainage IVater from Uncropped
and Unmanured Land." (Based on analyses made by
the late N. H. ]. Miller.) journal of .Agricultural

Science, 1920. Vol. X. pp. 22-43.

An investigation of the results obtained by the drain gauges
set up by Lawes and Gilbert in 1870.

At the beginning of the experiment the soil contained 0.146%
of nitrogen, or about 3,5001b. per acre in the top 9 inches; it

yielded up to about 401b. of nitrogen per acre per annum to the
drainage water. .At the end of nearlv 50 vears it still contains
0.099% of nitrogen, or 2.3801b. in the top'9 inches, and it still
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ogives up to the drainacre water 211b. of nitric nitrogen per acre per

annum, enough to produce a 15 bushel crop of wheat, although

neither manure nor crop residues have been added during the whole

of the period. If the curve showing the rate of fall continued its

present course and without further slowing down, no less than 150

years would be needed for exhaustion of the nitrogen.

So far as can be ascertained, the nitrogen lost from the soil

appears wholly as nitrate in the drainage water. P>om the top

9 inches of the 20in. and GOin. gauges, the nitrogen lost has been

respectively J, 124 and 1,1721b. per acre. The nitric nitrogen in

the drainage water amounts to 1,247 and 1,2001b. per acre in the

two gauges. These figures are arrived at by adding together the

>vhole of the nitrate found and such estimated amounts as are

possible for the first seven years before regular determinations

were made, deducting nitrogen introduced by rain. The subsoil

is left out of accovmt, but evidence is adduced to show that it contri-

buted little, if anything, to the nitrate in the drainage water.

There is no indication of fixation of nitrogen or loss of

gaseous nitrogen. The soil is, however, now very poor in organic

matter.

The amount of nitrate washed out is closely related to the

rainfall and to a less extent to the sunshine of the preceding

summer.
It is difficult to account for the slow rate of removal of nitro-

gen from the soil unless one introduces into the ordinary cycle

some new element acting as a kind of immobiliser, absorbing

nitrates or ammonia as they are produced and giving them up
again later on. The case would be met if one supposed that some
of the soil organisms, such as algee, bacteria, fungi, etc., assim-

ilated nitrates or ammonia and on their death were themselves

decomposed, giving rise ultimately to nitrates again. On this

view the nitrogen compounds of the soil would be supposed to

break down with formation of ammonia and then nitrate, but only

a portion, and not the whole, of this nitrate is liable to loss or

assimilation bv plants : the remainder would be taken up bv

organisms, temporarily immobilised, but re-formed on the death

and dissolution of the organisms, when again part would be thrown
out of the cycle and reabsorbed.

X. D. J. Mattukws. " Tlie Dcicvniination of Ammonia hi

Soil/' Journal of Agricultural Science, 1920. \'ol. X.

pp. 72-85.

An aeration method for determining the quantity of ammonia
in the soil with more accuracy and in shorter time that hitherto, it

being possible to recover 99.5% of added ammonia as against a

recovery of 50-60% by the older methods. For details the paper

must be consulted.*'

The results of application to natural soils is to confirm the

older conclusion that ammonia is present in minimal quantities

only, but it now becomes possible to follow accurately the changes
that occur when stubble or green manure are ploughed in, or when
ammoniacal fertilisers are added to the soil.

•Or Soil Conditions and Plant Growth. 4(ti. ed. 1921. p. 349.
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XI. G. A. Covvii-;. " The Mechanism of the Decomposition
of Cyananiidc in the Soil." Journal of Agricultural
Scicnre, 1920. Vol. X. pp. 163-176.

This pa]jer is of interest as showing- the occurrence in the soil

of changes v.hich apparently are not brought about by micro-
organisms, but by active chemical agents not yet clearly recognised.

It is known (see p. 55) that cyanamide undergoes decom-
position in the s<h1 before it can be utilised bv the crop as a
fertiliser. It is now shown that the decomposition proceeds in

three stages: (1) cyanamide gives rise to urea; (2) urea gives
rise to ammonia; (3) the ammonia is oxidised to nitrate. The
first stage, the formation of urea, seems to be brought about bv a

themical agent and not by micro-organisms, but the agent has not
yet been discovered. The change proceeds more rapidly in clay
than in sandy soils, and it does not take place at all in pure sand,
in peat, or in fen soils. There is some indication that the decom-
position agent may be a zeolite or active silicate. A sample of

Thanet sand taken from a boring through the London Clay near
Chelmsford was found, even after ignition, to be active In decom-
posing cyanamide into urea. This particular sand has been shown
to contain a constituent resembling a zeolite in being reactive and
possessing the property of softening hard water by the substitution

of sodium salts and possibly potassium for those of calcium and
magnesium. In following up this clue it ^\•as found that the addi-

tion of a definite zeolite prehnite to ordinary inert sand produces a

mixture capable of converting cyanamide into urea.

The decomposition of urea and the oxidation of ammonia are

then brought about by micro-organisms in the usual wav.

XII. \'. A. Bkcklev. " The Formation of Humus."
Journal of Agricultural Science, 1921. Vol. XI.

pp. 69-77.

Setting out from an observation by Fenton it is shown that

sugars, on treatment with acids, give rise to hydroxymethylfur-
furaldehyde, wliicli readih- condenses to form a substance closelv

resembling hiimus. The author found indications of hydroxy-
niethylfurfuraldeh\de in a dunged soil and in rotting- straw in which
himnis was being produced. He suggests, therefore, that the

formiition ol humus in the soil proceeds in two stages :

—

1.— Carbohvdrates react with acids to produce hydroxymethyl-
furfural.

2.—Hydroxymethylfurfural condenses to form humus.
In addition, in the laboratory, there is produced some furfural

and la?vulinic acid.

No evidence of the formation of h\drox} methylfurfural during

the decom]Dosition of cellulose bv Spirochccta cytophaga could be

obtained.

XIII. \'. A. Becklev. " TJie Preparation and Fractiona-

tion of Huniic .Ic/J." Journal of Agricultural

Science, 1921. Vol. XI. "pp. 66-68.

The author finds that humus mav be fractionated according to

the followino- scheme :

—
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Soil treated with Ammonia

Black solution Insoluble lunnin

Treated with Acid

Solution Precipitate

Mulder's apocrenic Humus
acid Treated with Alcohol

Solution Residue
Hoppe-Seyler's Humic acid

hymatomelanic acid
|

I Treated with Pyridine

Melanin Compounds obtained
| j

by Schreiner and Soluble Insoluble

Shorev humic acid humic acid

liie above procedure has been repeated with rotted straw and
willi sugar humus, and in both cases similar fractions were
obtained. The residue after pyridine extraction of sugar humus
was, however, only slowly soluble in ammonia, probably having
been converted into b.umin.

SOIL ORGANISMS.

XI\'. L. M. Cki .\ii>.
" Kmnhers of Protozoa in certaui

RoUtamsted Soils." journal of Agricultural Science,

1920. Vol. X. pp. 182-198.

The method used \\as an improvement on that previously

adopted in this laboratory, but it did not discriminate between
active and encysted forms. Determinations were made at intervals

of about seven days of the numbers of total protozoa and bacteria

in the soil of Broadbalk Plot 2, which receives 14 tons of farmyard
manure in each year, and of Harpenden F"ield, which is typical of

poor arable land. The results are plotted on curves from a study

of which the following conclusions are dra\\ n :

—

1.—Magellates, anKeba? and thecamoebae are usually present

in tliese soils in tlie trophic condition and in comparatively large

numbers, so that there is an extensive population actively in

search of food.

2.—The protozoan fauna is practically confined to the top six

inches of the soil.

3.—There is a definite inverse relation between the numbers of

bacteria and amoebae.
4.—The auKjebas are unintluenced by variations in the water

i-ontent and temperature of the soil and by the rainfall.

5.—The richer the soil is in organic matter the richer it is in

protozoa, especially in amoebai and thecamoebae.

These conclusions are at variance \vith those arrived at by the

American investigators, but it is believed that the methods em-
ployed are better than those used in America.

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-109 pp 13

39

XV. D. VV. Cutler. " A Method for Estimating the

Number of Active Protozoa in the Soil." Journal of

Agricultural Science, 1920. Vol. X. pp. 135-143.

This method constitutes a great advance on those previously

in use, since it discriminates between active and encysted forms
;

it has, therefore, been adopted in all the succeeding- work. The
soil is passed through a 3mm. sieve and two samples of 10 grams
each are taken. In one the total number of protozoa (active forms
plus cysts) is determined as follows : 10 grams of the sieved soil are

added to 100 cc. of sterile tap water or physiological salt solution.

This gives a 1 , 10 dilution. From it further dilutions are made as

shown below.

No. 1 .
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fore projecteii and coiUinued for 28 days—from February 9th to

March 8th. Durinji^ the last 14 days the bacteria also w ere

counted. The lollowiii}^ conclusions were drawn :

—

1.—There is a daily variation in the number of tn)|)hir ft>rms

of the three species of flaj^^ellales. Oicovionas sp. (Martin),

L'crciiiiii'HUS I niiiicauJii and JioJo sp., in the soil of arable tieUK.

2.—The numbers of Ijacteria and trophic anuebie in the soil an-

correlated, var\inj.j^ inverselv over a period of 14 days.

3.—Temperature and rainfall ap|>ear to have no inlUienre en

the number of active protozoa in the soil.

(Note.— In view of the importance of these results counts

were begun on July 4th. 1920, and have j^one on daily ever since:

it is proposed to continue these for .'iH.^j consecutixc days.)

WII. i). W. CiTLi-.K. " (MiSfrvulions on Soil l^rolozua."

Journal of Agricultural Scieive, 1019. \'ol. IX.

pp. 430-444.

It is shown that soil |Xjssesses a remarkable |X)wer of retaininj^

protozoa. When a suspension of protozoa is shaken with soil all

the orj^^anisms are withdrawn until the saturation point is reached,

after which, for the first time, the supernatant liriuid contains pro-

tozoa. Some of the results are :

—

Active riageliates and amocbir-.

millions per c.c. of suspension.

Before shaking with soil . . •

After „ .,,....
Number taken up per gram of soil

.5^
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justiHcd. 'I'his i(l)JL-ction does not apjjlx lo the dilution method
di'scribed above.

X\ 111. \\ .
1". LJhwi.Kvand H. B. Hltchinsox. " On the

Clutii}ics through which the Xodiile Organism (Ps.

rndiciciihi ) passes under Cultural Conditions.'"

joiunal of .\t41icultural Science, 1920. X'ol. X. pp.

144-162.

L'luler cerlain culuiral londilions the nodule organism from

the roots of red (lover, broad bean, lucerne and lupin exhibits a

tendency towards granular disintegration of the cell with the for-

mation of small non-motile coccoid bodies, about 0.4/;t diameter.

in the culture media ordinarily in use these coccoid bodies jire

not formed extensively, but cultivation on soil extract media
rapidlv leads to their production, until finally they constitute the

predominant type in the culture.

.A life-cycle consisliui^' of five stages is desiribed :

—

1.

—

llic hrc-swanuer /Orni (non-niotilcj. When a culture of

the organism is placed in a neutral soil solution, it is converted

after four or live davs into the jjre-swarmer form.
2.

—

Second stage, larger non-motile coccus. In presence of

saccharose, certain other carbohydrates and phosphates, etc., the

pre-swarmers undergo a change. The original coccoid pre-

suarmer increases in size until its diameter has been doubled, but

still remains a non-mc^tile coccus.
3.

—

Siiiarmer stage, motile. The cell then becomes ellipsoidal

and develops higb motility. This form is the well-known
" swarmer " of Beijerinck.

4.

—

Rod-form. Proceeding in an " up-grade " direction, the

suarmer becomes elongated and gives rise to a rod-form, which is

still motile but decreasingly so. So long as there is sufficient avail-

able carbohydrate in the medium, the organism remains in this

form.
5.— I'licuolated stage. VV'hen, however, the organism is

placed in a neutral soil extract or the available carbohydrate

becomes exhausted, it becomes highly vacuolated and the chromatin

divides into :\ number of bands. Finally, these bands become
rounded off and escape from the rod as the coccoid pre-swarmer.

The formation of the C(jccoid bodies (pre-swarmers) may also

be induced by the addition of calcium or magnesium carbonates to

the medium or by placing the organisms under anaerobic condi-

tions. Of a considerable number of compounds other than carbo-

hydrates, calcium phosphate alone was capable of bringing about

the change from pre-swarmers to rods.

The organism also appears to be affected greatly by the re-

action of the soil. In the main, the normal rod rapidly changes
into the pre-swarmer form in calcareous soils ; acid soils cause the

production of highly vacuolated cells and eventually kill the

organism, while a slightly alkaline soil was found to be capable

of supporting vigorous growth without altering the form of the

cells.

'

The effect of various temperatures on the rapidity of pre-

swarmer formation has been studied. Relatively high tempera-

lures (30*^ and 37") either prevent or postpone the entrance of

down-grade changes.
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XIX. H. B. Hutchinson and J. Clayton. " On the Decom-
position or Ccllitlose by an Aerobic Organism
(Spirochivta cvlophciiiii n. sp.)." Journal of Agrioul-

liiral SdencL-,' 1919. Vol. IX. pp. 143-173.

l-:.\aMuiialion of Rothanistcd soils on different occasions has

rcNcaled the presence of an organism capable of breaking down
cellulose with comparative ease. Morphologically, the organism

appears to possess greater athnities with the SpirochaetoidCcE than

with the bacteria, and the name Spimchcpta cytophaga is therefore

suggested.

While the Spirocha?t is capable ol considerable vegetative

growth as a sinuous filamentous cell, it also appears to pass

through a number of phases which terminate in the production of

a spherical body (sporoid) which differs in a number of respects

from the true spores of the bacteria. Germination of the sporoid

again gives rise to the filamentous form, which possesses perfect

tlexibility and is feeblv iiKnile. The latter does not apparently

possess flagella.

Spirochcetu cytophu^^ti is essentially aerobic; its optimum tem-

perature is in the region of 30". Both the thread and sporoid

stages are killed by exposure to a temperature of 60" for ten

minutes.

The nitrogen requirements of the organism may be met by a

number of the simpler nitrogen compounds—ammonium salts,

nitrates, amides and amino-acids. Peptone is also suitable in con-

centrations up to 0.025%. Stronger solutions, e.g., 0.25% lead

to a marked inhibition of growth. The organism fails to grow en
the conventional nutrient gelatine or agar.

Comparative experiments with a number of higher alcohols,

sugars and salts of organic acids show that none of these is

capable of meeting the carbon requirements of the organism.
Cellulose is the only carbon compound with which growth has been
secured.

Although none of tiie monoses, bioses and other carbohydrates
is able to support growth, many of them exert an inhibitive action

on cellulose decomposition if present in other than very low con-
centrations. This may be correlated with the reducing properties
of the carbohydrate. Maltose, for example, has been found to he
approximately 70 times more toxic than saccharose.

Of the various by-products of the action of Spirocha^ta
cytophaga may be mentioned : (ti) a pigment possessing relations

to the carotin group, (b) mucilage which does not give rise to

optically active compounds on hydrolysis, and (c) small quantities
of volatile acids.

Evidence is also adduced to sJiow the relation of cellulose de-

composition to the assimilation of atmospheric nitrogen.

XX. .\. W. Rv.MEH RouiiKTS. " On the Life History of
JVirewormi, of the genus Agriotes, Esch., with
some Notes on thai of Athous H.emcjrrhoidalis,
F." Part T. Annals of Applied Biologv, 1919. Vol.
VI. pp. 116-135.

The biology and life history of the common " wireworm "

was studied during the years 1916-1919. In England and probably
also in Wales and Scotland, Agriotes obscurus is generally the
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commonest species. The adult beetles hatch from the pupa hi

August or September and remain in hibernation during" the winter.

About the middle of May they emerge, feed on the nectar or pollen

of flowers and do little or no damage, at least in this country.

Oviposition takes place generally from the end of June to the

middle of July. The eggs of three species of Agriotes—ubsctirus,

spittator and sohritius and Athous hcemorrhoidalis were
obtained from the soil of pots, in which the beetles had

been confined, at depths varying from :^-inch to 2 inches, either

in batches or singly. Attempts to obtain ova from Ag. lineatns

failed, but from other sources it is known to deposit its eggs in a

similar position, and probably the presence of grasses, whether
cultivated or growing as weeds, is essential to all five species. This

conclusion points to the necessity for clean cultivation in the con-

trol of wireworms.

The larvai on emergence at once burrow into the soil. All are

p.de in colour and so small (1-2. 75mm.) as not to be generally

recognised during their first year. The first moult of A. obscurus
takes place in June, the second in July or August, and it is believed

that the larvte in general moult twice a year, in April or May, and
again between Julv and September. In their first year, the larva-

appear to feed chiefly on partially decomposed vegetable matter

and perhaps to some extent on the small roots of living plants, but

n(j evidence of definite damage was obtained. In the later stages

thev feed on almost any crop and on many weeds. They appear
to attack mustard only in the absence of more suitable food,

though they are frequently found at the roots of charlock. The
larvai can subsist for a long time on the decaying organic matter
in the soil and are able to withstand immersion in water for pro-

longed periods. During the winter they may be found close to the

surface in grass land. But in fallow land they undergo a period

of hibernation, sometimes as much as 2ft. from the surface.

Agriotes obscnnis has a larval life history extending to five

vears, as was originally stated by Bierkander.

Pupation takes place in an earthen cell prepared by the larva?

at a depth of from 1 inch up to 7h or more inches. The pupal

stage extends over a period of about 3 weeks, pup^e being found

from the end of July to the middle of September.

Wireworms under natural conditions are not parasitized to

any great extent. A Proctotrupid, probably Phccnoserphus fiis-

cipes Hal. was bred from Athous hcemorrhoidalis , and a Procto-

trupid was also found within a larval Agriotes obscurus. The
latter species was also found to be the host of a fungus of the

genus Isarin.

XXI. F. T.ATTKRSFiELD and A. W. R. Roberts. " The
Infiiience of Chemical Constitution on the Toxicity of

Organic Compounds to Wireworms." Journal of

Agricultural Science, 1920. Vol. X. pp. 199-232.

The relationship between chemical constitution and toxicity to

wireworms of organic compounds is found to be of a two-fold

nature.

The general effect of a group of compounds of the same type

is directly determined by the chemical constitution of the type.
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The jjiuticular t'fttuls ol iiuliviilual iiu-nibers of the groups are

liiiiitctl by their i)Iiysical properties sueh as volatility, etc., which
may be regarded as indireel i-onsequences of their chemical
roiistitulitm.

The aroiiiatii- li\ droearboDs and halides are on the whole more
lo\ie llui!) the aliphatic h\ drocarbons and halides. The groups
lluil inlhience toxicity most when introduced singly into the ben-
zene ring are in order of importancx- the methylamino (most effec-

tive), dimethylamino, hvdroxv, nitro, amino, iodine, bromine,
chlorine, methyl groups (least effective). But this order is modi-
fied in presence of another group ; thus when there is a CH., already
present in the ring the order becomes chlorine (side chain), amino,
hydroxy, chlorine (ring), methvl. Clilorine and hydroxy groups
together give rise to highlv poisonous substances considerably
nn)re effecti\e than where present separately. The association of

chlorine and !iitrogrou|)s in chlor]3icrin give rise to one of the most
toxic substances tested. Methvl groups substituted in the amino
group of aniline increase toxlcitv more than if substituted in the

ring.

Compounds with initating \apours iiave usually nigh toxic

values, t'.i;-. .Alhl isothiocyanale, chlorpicrin, benzyl chloride. The
toxic values of these substances are not closely correlated with their

vapour pressures or rates of evaporation.

There is A fairly close relationship between toxicities and the

vapour pressure, rates of evaporation and volatilities of compounds
of the same chemical type. In a series of similar compounds de-

creases in vapour pressure and volatility are associated with an
increased toxicity. .'\ possible explanation is that condensation or

absorption takes place along the tracheal system when insects are
submitted to the action ol these vapours. On exposure once more
to the open air these vapours diffuse out into the atmosphere, the

rate at which they do so being a measure of the rapidity with
which the insect recovers.

A limit is put upon t(^xicit\ by the decrease in vapour pressure,
when it sinks too low to allow a toxic concentration in the vapour
phase. Ciiemically inert compounds boiling above 170° C. are
generally uncertain in their poisonous effects on wireworms after

an exposure of 1,000 minutes at 15" C. Nearly all organic com-
pounds boiling aiiove 215" C. are uncertain in their action, while
those boiling above 245" C. are non-toxic. These limits depend on
the resistance of the insect, the length of exposure and tlie tem-
perature at which the experiment is carried out.

-XXII. .V. N. Si-:\ (U-PTA. " Dephcnolisation in Soil/'
journal of .Agricultural Science, 1921. Vol. XI.

It is found that phenol and the cresols disappear when added
Id st)il. Three actions seem to be involved :

—

1.—.An instantaneous disappearance which appears to be non-
biological, l)ut its exact nature has not yet been elucidated

;

apparently it varies directly with the clay content of the soil.

2.—A slow decomposition which continues till all the phenol is

exhausted. This is apparently largely brought about by micro-
organisms capable of utilising phenol as a source of energy.
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3.—Tlifcre appears, however, to be some non-biological slow

decomposition also, since the decomposition in unmanured soil

poor in micro-org-ani>^ms is much slower than in manured soils,

and altogether different in character.

Autoclaving the soil at 130" for 20 minutes destroys the cause

or i;;uses of the decomposition altogether, but the action proceeds,

although nuu h mort slowly, than in untreated soil, in the presence

of a considerable amount of toluene and men^uric chloride.

Partial sterilisation by treatment with toluene which was
evaporated before the addition of phenfil increases the rate of de-

composition, but steaming does not.

The decomposition lakes place even in soil air-dried to 2.4",',

moisture, br<t il i*^ t-\tremel\ slow compared with \hc rate in

normal S(mI.

^^'hen surcessixe doses of phenol are applied to the same soil,

each dose is decomposed at a higher rate than the preceding one.

This is entire!}- in aC(X)rdance with a decomposition mainly bio-

logical in character. The same effei^t has been observed in the case

of ;))-cresol.

The treatment of the soil with sulphuric acid (50% by volume)

either before or after the addition of phenol greatly augments the

instantaneous loss, which may amount to 90'^'o in case of phenol

This loss is not affected bv autoclaving.

CONDITIONS DETERMINING ENMRONMENTAL
FACTORS IN THE SOIL.

XX 111. R. A. Kkkx. •'
.1 Xote on the Capillary Rise of

ll'airr i)i Soils. " journal of .Agricultural SiMcnce,

1919. \'ol. IX. pp. 39f^-399.
'

.\ simple formula for the theoretical maximum rise in aiT ideal

soil, composed of closeb packed and uniform spherical grains,

may be obtained from a (onsideration of the triangular pores

existing in such a soil. The formula reduces to h=~^ where

h;= height of rise and r radius of spherical grain. The capillary

rises given in the following table are calculated on the assumption
that a soil is made up entirely of one given soil fraction, and not of

a mixture of fractions, and the particles are taken as closeh'

jjacked spheres :

—
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XX I\'. B, A. Keh.n. " A quantitative Relation between Soil I
and the Soil Solution brought out by Freezing-

point Determinations." Journal of Aoricultural
"

Science, 1919. \'ol. IX. pp. 400-415.

An analysis is made of the experimental data accumulated by

liouyoucos and others in their investii,'-ations of the freezing-point

depression of the soil solution in siiu under various conditions.

Rouyoucos finds that the soil solution in quartz sand and extreme

types of sandy soil behaxes approximately like dilute solutions, the

freezini^ -point depression \ iu\ iiii,-- ;is the concentration, or, in the

|)rescnt fase, itnt-rsclv ;is the moislurc content, i.e.,

M„D„-=K
\\ here K = constant, Dn = freezing-point depression at moisture

content of INIn. In the vast majority of soils, however, the freez-

ings-point depression increases much more rapidly with decreasing-

moisture content than this equation \\-ould im])l\-, and Bouyoucos
was led to suppose that the soil rendered a definite amount of water
" uiifree," in the sense that it did not take part in the freezing--

point depression.

This hypothesis is cjuantitati\ cly examined in the present

paper, and it is shown from Bou}oucos' experimental data that :

—

1.—The water rendered unfree is not a constant amount, but

varies with the moisture content.

2.— .\ definite relation exists between the free, unfree and
total moisture, expressed by the equations :

—

V„ cMr,

C^

where c and x are constants for any one soil,

Mn = total moisture content,

Yn = free water,

Zn = unfree water.

XX\'. B. .\. KiCF.N. " 77; ( Relations existing hctivecn the

.Soil and its Water Content." Journal of Agricul-

tural Science, 1920. Vol. X. pp. 44-71.

This i)aper is a g^eneral sur\ cy of the literature of the subject.

Until recently, most of the experimental data was interpreted en
the assumption that the moisture was distributed in a thin film

over the surface of the soil grains. The water in this film was
divided into three classes : hyg^roscopic, capillary and g^ravita-

tional. 'Hie gravitational water could drain away into the sub-
soil, the capillary water was retained by the soil, and was capable
of movement therein, and the hygroscopic moisture was assumed
to be incapable of movement under capillarv or g-ravitational

forces.

It was found that these dixisions were insulficient to explain
the observed facts, and a number of auxiliary divisions and equili-
brium points were introduced, mainly by .American workers. This
carried with it the serious defect that each sub-section was
more or less detached from its neighbours, and thus the hvpothesis
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did not give a compkle picture of the continuous processes operat-

ing between soil and its moisture content when the latter varied

over wide limits. Endeavours were therefore made to link up the

sub-divisions by means of cross-relations between the variables,

but they were nnainly applicable over some small range of moisture

content or to some approximate equilibrium values.

The development of the stud}- of colloids rendered it possible

to consider the relations between soil and its moisture content by

an alternative hypothesis which would stress their continuous

nature. It is now considered that the soil particles are coated with

a colloidal complex, deri\ ed from the (-la}' and the organic matter.

In the concluding section of the paper a number of investigations

are considered and interpreted on this hypothesis, and some of the

most promising future lines of work are indicated.

XX\'I. B. A. KeiiX. " The Physical Investigation of

Soil.'" Science Progress, 1921. \'ol. X\'. pp.

574-589.

This is a general account of the scope of physical science in

investigations on soil. It deals with the dimensions of soil parti-

cles and the manner of their arrangement in the soil, the tempera-

ture, moisture, and atmospheric relations in the soil, and indicates

also the great need for research on methods of cultivation and the

effect on the soil of the form of implement used, in view of the

important changes in farming practice brought abf>ut by the intro-

duction of the tractor.

XXVII. B. A. Kekx and E. J. Russell. " The Factors

determining Soil Temperature." Journal of

Agricultural Science, 1921. \'ol. XI.

The purpose of this paper is to discuss the factors influencing

soil temperature and the extent to which other measurements (air,

temperature, hours of sunshine, etc.) can be utilised in cases where

direct determinations of soil temperature are not made.

An analysis has been made of one year's records given by a

special recording thermometer embedded at the 6in. depth in bare

soil, together with continuous records of air temperature and

hours of sunshine ; these have been supplemented bv daily readings

of rainfall, radiation, and soil temperature at the 12in. depth. The
extent of the temperature rise at the 6in. depth is largely deter-

mined by the amount of solar radiation reaching the earth's sur-

face (correlation co-efFicient .877^.009). As would be expected,

the hours of sunshine also provide a good measure ot this radia-

tion.

The maximum temperature at the Gin. depth during the

summer months is about equal to that of the air, and the minimuni

temperature is from G''—8*^ C. higher than the air minimum.
During this period, the conditions therefore resemble those in

a 20° C. incubator.

In the winter months the minimum temperature at the

6in. depth is usually about 2°—3" C. higher than that

in the air, and the maximum temperature is a little below the

maximum air temperature. The effect of rainfall is generally to

diminish the rise of temperature, but the relation is by no means
exa("t. No evidence' was found supporting the belief that spring
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rains warm the soil ; on the other hand, autumn rains apparently

prevent the soil from coolint; as much as it would otherwise have

done.

There is no satisfaclor\ substitute for a recording- soil

thermometer, but a fair estimation of the mean daily temperature

at the 6in. depth can be obtained o\er the greater part of the year

by regarding- the maximuni air teniperature as the maximum soil

temperature, and the 12in. depth soil temperature at 9 a.m. as the

minimum, and then taking- the niean.

The relations between the dail\ temperature rise in the soil

and the air ha\e been studied in detail by following the changes in

the ratio '*"" .^mnlltude
f,-„p-, (jj,^ t,, (i;,v. These ratios fall into a

air amplitudc

well-defined fref|uency curve whose niaximum occurs between the

values .2—.3. This range of the ratio is prevalent in spring

and early summer, and also in early autumn. .\ similar curve is

given bv the ratios of the dailv (^ooling of soil and air, the maximum
1 • * * I rt I -i-i A

' foil iin'f'itnd*: r

»n this case beuig between ..i—.4. 1 he ratio a.^ ;„„pi,,„ue o* course

alters when either, or both, numerator and demominator change.

A scries of relations between these changes, both for indi\ idual and

a\eraged \alues is gi\ en in the paper.

XW'ITI. E. .-\. Fisher. " StmUes <>>; Soil Rcactioti— /. .1

resiinic." journal of Agricultural .Science. 1921.

\'ol. XI. pp. 19-44.

A critical account of the various hypotheses jiut forward tt)

explain the phenomena <if soil acidity and the methods that ha\ e

been suggested for estimating it. All present methods are shown
to be defecti\e. The h\drogen ion concentration gi\es useful in-

dications, but the titration meth<»ds, lime requirement methods,
etc., are defective because the lime requirement is reallv vcr\ com-
plex, being" made up ol 1w-o factors; the lime rer|uired to neutralise

soil acids, and the lime .actually absorbed bv the soil. It is im-

possible at present to ditrerentiate these or to compare with an}

degree of strictness one soil (^r one base with another.

.WIX. E. A. Fisher. " Studies on S<ul Kcacfioti—//. The
colorimi'tric di'ieruiinution of flic ]i\'dro}j;cn ion con-

centrntiov in soils and aqueous soil extracts.''

journal of Agricultural Science, 1921. \'ol. XI.

pp. 4.0-65.

Details to be observed and difficulties to be oxercome in the

colorimetric determination (^f the hydrogen ion concentration in

soils. It is shown that the fineness of division of the soil is of con-

siderable importance.

I'LAXr PATHOL()(i^ .

XXX. A. I). I.M.MS and M. A. Hisain. " Field Experi-
ments <ni the Clieniotropic Responses of Insects."

Annals of Applied Biologv. 1920. \'ol. \T. pp.

269-292.

Dmingr the course of these experiments the insects attracted

consisted almost exclusively of Diptern ; Heniiptera, Coleoptera
and Xeuroptcra were unrepresented. A small number of Xoctuid
Lepidoptera entered the traps, w hich however were not adapted for

such relatively large insects as manv Lepidoptera. Beer, cane
molasses, and mixtures of these two substances are powerful
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chemotropic agents lor \arious Diptera. Ethyl alcohol, in various

concentrations, exhibited little or no chemotropic properties, but
with the addition of small amounts of butyric, valerianic or acetic

acids it exercised a powerful attraction. Aqueous dilutions of the

above acids were not attractive, the respective esters probably
being the attractive agents in each case. The remaining sub-

stances utilised in these experiments were found to exhibit little or

no positi\e chemotropic properties. Out of considerably over

3,000 Diptera attracted during the course of these observations, by

far the greater number pertained to one or other of the five families.

Rhyp'tiidcc, MycetophiUdcc, Scpsidcc, Miiscidce and Anthotnyidce.

As a general rule, members of both sexes of a species were
attracted irrespective of the chemotropic agent employed. In the

majority of instances, males predominated over females, but in no
case where the number of individuals of a species attracted

exceeded 20 was the disproportion greater than 2.9 males to 1

female. Rliyplius puuctaiiis . Hylemyia strif^osa and CaUiphora
erythrocepJiaia were the dominant species attracted.

XXXI. J. Davidson. " Biological Studies of Aphis
nimicis L." Part 1.

—

"Description of the

Species and Life Historv." Bull. Entom. Res.,

Vol. XI., 1921.
" Biological Studies of Apliis rumicis L." Part

II.—(a) "Appearance of the Winged Forms";
(b) " Appearance of the Sexual Forms." Proc.

Roy. Dubhn Soc, 1921.
" Biological Studies of ApIiis runiicis L." Part

III.—(a) " Reproduction of Aphis rumicis on

different Host Plants "
; (b) " Influence of Food

Plants on the Characters of the Species "
; (c) " Iti-

duence of Temperature and Humidity on the

Development of the Species." Annals of .Applied

Biology, Vol. VIII., 1921.

The life history of Aphis rumicis is as follows ;

—

The ova are laid by sexual females on the winter host (Eiiony-

mus) during September and October '^*. These hatch out in

March and April, and the Fundatrices produce the first viviparous

generation on the winter host. Eventually, w.v.'^* [migrantes)

develop, which migrate to the intermediate hosts, such as beans,

poppies, etc. On these latter plants, thev produce a. v. {alienicolcc

apterce). Eventually, w.v. (alienicolcc alatce) are produced
which fly to other intermediate hosts, of the same kind or different

species, such as Chenopodium. Mangolds, Beet, Capsella hursa-

pastoris, Rumex, etc. This infestation of the intermediate hosts

continues throughout the summer months.
In September, certain of the alienicolcc apterce (sexuparcr

apterce) produce winged sexual males, and at the same period

certain of the cdienicohc alatce fsexuparcc alatce) which morpho-
logically resemble the earlier winged forms but are physiologically

different, fly back to the winter host, and there produce apterous

females. The males fly back from the intermediate hosts to the

winter hosts, the cycle being thus closed.

(1) It is hish'y probable considering the wide distribution of Aphis rnmici.<; that thpre arp

other winter ho^".
(2^ w.v.—win'.'ofi vivipnroii'. foninl'-: ;;.\ . — apti roiii \ ivip.iroti-. f'-ninhv
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Experimental exidence indicates that the sequence of winged

and apterous agamic females is largely due to some internal in-

herent tendenc>. w.v. tend to produce a. v. and a. v. may
produce entirely a. v. or a mixed progeny, consisting of a

variable percentage of winged forms. The apterous condition is

to be regarded as an adaptation, over a long period of time, to

seasonal food and temperature conditions.

The appearance of sexual forms in the experiments—especially

having regard to the cytological investigations in Aphids—shows

that the change from the viviparous parthenogenetic phase to the

sexual phase is doubtless associated with the chromozome complex,

and not prim.arily due to food and temperature changes.

The agamic generations appear to be interpolated between the

winter egg and the sexual generations as an adaptation to

seasonal conditions.

Certain a. v. may produce agamic forms as well as sexual

forms. In some cultures which were kept in a greenhouse, a. v.

and sexiipanc alaicc (mothers of the oviparous females) developed

in every generation throughout winter from September to April.

The degree of infestation for different species of plants varies

considerably. Thus, experimenting with several plants of the

same kind, the maximum total number of aphids produced from

one a.v. over a 14-day period, for each kind of plant, is shown in

the table below :

—

Kind o
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The results show that the infestation is slig-htly less on some
varieties than on others. These varieties are, however, too closely

related racially, to j^i\e striking differences, and the experiments

are being" continued with other varieties of Beans.

Further investigations are in hand dealing with the effect of

the nianurial treatment of crops on the degree of the infestation of

plants by aphids ; the relations between the \ arying constitution of

the cell sap of plants, the food of aphids, and the infestation of

plants by them, and the working of the stylets in relation to the

cells of plant tissues.

XXXTl. \\". B. Brieklev. " Some Concepts in Mycology—an attempt at Synthesis." Trans. British

Mvcological Societv, 1919. \^)1. Y]. (part ii.).

204-235.

The paper is divided into two parts which, howexer, are

mutually dependent—the species concept and the concept of the

educabilit} of fungi. In the former the thesis is maintained that

the morphological characters of an organism are a function of the

particular genotype and the environmental conditions, and that the

phenotypes of different organisms converge or diverge in constant

and definite relation to the physico-chemical factors of the environ-

ment. Thus morphological characters are no true criterion of

specificity. It is further maintained that the only exact method of

species creation and specific determination is by means of quantita-

tive physiological data deri\ed from pure cultural treatment under
standardised physico-chemical conditions. In the second part

the thesis is put forward that the genot}"pes of " pure lines " of

bacteria and fungi are constant and ineducable, and that genotype
changes which ha\e been described are better interpreted in terms
of modification, of the selection of strains from a population, cf

stages in a complex life-cycle, or of segregation from a genetically

impure ancestor.

XXXIIT. AV. B. Brierlev. " On a Form of Botrytis

cinerea, with Colourless Sclerotia." Phil.

Trans. Roval Societv of London, 1920. Series

B. Vol. 210. 83-114.

The fungus, Botrytis cinerea, produces black sclerotia, but in

a single spore pedigree culture a colourless sclerotium was formed,
which gave rise to a strain having colourless sclerotia. This
character proved to be constant. The origin and relationships of

this new strain are examined and a comparison made of the mor-
phology and physiology of the colourless derivative with the
parent. It is shown that the only apparent character in which the

two strains differ is in the absence of pigment in the sclerotial skin.

The nature of the loss of colour is considered in relation to the
biochemistry and genetics of albinism. The significance of the
colourless form is discussed and the hypothesis brought forward
that this and other genotypic changes among fungi are better inter-

preted in terms of segregation from a genetically impure parent
than as true mutations. The possibilities of genetic (Contamina-
tion in sexual and asexual fungi are considered.
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XXXn'. W. B. Brierlev. " Orchid Spot Disease/' Gar-
deners' Chronicle, 1919. Vol. LXV. No. 1676.

A consideration of the several diseases of orchid leaves in-

cluded under the name " Orchid Spot "
; with notes on methods of

treatment.

XXXV. J. Hexdersox Smith. " The Killing of Botrytis

Spores by PJieuol.'" Annals of Applied Biology,

1921. Vol. V]U. No. 1.

It is shown that if Botryiis spores be exposed to the action of

0,4 per cent, phenol, the spores do not all die simultaneously, but

some die in a few minutes and some not till two or three hours have

elapsed. The curve showing the numbers surviving at different

times has a sigmoid shape. If the strength of phenol be progress-

ively raised, the curve becomes less and less sigmoid, approaching

the logarithmic type of curve. With the same suspension it is

possible to obtain either a logarithmic or a sigmoid curve accord-

ing to the strength of phenol used. Both types of curve are shown
to be explicable on the assumption that the individual spores differ

in resistance and that a frequency curve showing the distribution

in the resistance grades approaches the normal curve. The in-

fluence of the number of spores used is shown to be very consider-

able ; and the consecutive transition from the sigmoid to the loga-

rithmic type occurs, whether we raise the phenol strength, keeping

the spore number constant, or reduce the spore number keeping

the phenol constant, or use younger and younger spores.

TECHNICAL PAPERS.

CROPS AND CROP PRODUCTION.

XXX^T. WixiKRED E. Brhxchley. "Useful Farm ]\'eeds."

Journal of Board of .Agriculture, 1918. \'ol. XXV.
pp. 949-958.

During the war the deficiency in supplies of every kind led to

a revival of interest in the uses to which many farm weeds can be

applied. If the need ever became sufficiently urgent, weeds might

ser\e many useful purposes, but with the restoration of more

normal conditions most of them have again fallen into disuse.

Weeds have their uses in medicine, as dyes, manures, and

as fibre plants, but in times of stress they are most valuable as

fodder and human food. Couch grass, spurry, bent grass, nettles,

chicory, gorse and poppy cake can all serve as fodder, especially as

most of them, in addition to being nutritious, arc obtainable in

large quantities.

Chicory and " salep " (Orchis masciila) are the principal

weeds used as human food. Chicory has long been employed as a

substitute or adulterant for coffee, while salep enters largely into

the diet of people of Turkey, Persia and Syria. Many weeds pro-

vide leaves that have been used as substitutes for tea and coffee,

and the young tops of nettles, garlic and dandelion have been

frequently used as green vegetables by country folk.
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