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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.
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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.
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