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invited to give their experiences and the Rothamsted staff and
other experts also read pipers. The proceedings are then published
cheaply as booklets.

(t) by lectures to farmers' organisations This falls largely on
llr 'Garnir, but the senior members of the staff including the
Director regularly give a certain number. Field demonstrations are
arranged ai outside centres $/herever the exprimental results are
suitable: this is usually done by It{r. Garner or Dr. Crowther, in
association wherever practicable, with the County Organiser.
Articles for the technical press are frequently $ritten.

(c) by demonstrations at the Rothamsted Farm, usually by
,\Ir. Garner, Captain Gregory and tr[r. Moffatt. The numerous
visitors to the l;boratoriea are dealt with by l\Iessrs. Gamer and
Gregory arrd a group of rota guides, which includes selected
voluntary workers and all members of the scientific staff other
than Heads of Departments. The number oI visitors increases
every ]'eiu-

In addition there is a fair amount of visiting of farms when the
oxrrer not infrequently brings together a little Sroup of neighbours
for discussion.

THIRTY YEARS' WORK IN THE BOTANICAL DEPART-
MENT. 1906-1936.

WTNIFRID E. BnrNcrrrY, D.Sc.

During the early years of Rothamsted the laboratory work was
entirely concemed with matters arising from the field plots, chiefly
chemiCal in nature, and this was carried on by a chemist and a few
laboratory assistants under Sir Henry Gilbert. No re€uJar botanist
was needid, but when occasion aroie a trained man was engaged
temporarily to supervise the botanical separation oI Parkgrass Ha_y,

this-work being Carried on later by Mr. J. J. Willis. By 1906 tbe
scientific work of the institution was widened, and sub-division into
departments gradually became necessary. The James Mason
laboratory, erected ill that year, served to house the vadous young
biological departments until the Seneral extension of the labora-
torieJ began about 1912. During that Period the foundations of a
botanical department were laid down, and the work was,ready for
fuller development when ilcreased accommodation and working
facilities became available.

In the early dals of this century the question oI the " 
-streng-th 

''
of wheat was ieceivirg much attention, and the first problem dealt
with in the new department was the possibility of-associating the
varyinR strength 6f rvheat with cltological differences in the
developing griir, brt no such differences could be detected (1).

Analyses made at three day intervals from flowering to maturity
showed that at each stage the endosperm is filled by uniform
material, possessing ahvays the same ratio of nitrogenous 10 non-
nitrogenous materiil and ash, this ratio being determined by -such
factois as variety, soil and season ('z). With barley, as with wheat,

ttt wl-ili--o"tt."-- o. ,0. s**,0 -a ou*"r-"* or tt'. cJli-wa."t 1r.''"o-
vrlgai). ADo, Bo!,, 1009. \'ol. XXIII, Pp. lt7_39

(2) W. E. Brenchley and A. D. Hall- The DeveloPment ol the GEjtr ol Wb.at." J AS.c.
Sci.. 1909. Vol, III, pP. 195_217.
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the weight oI the whole plant increases steadily until desiccation
sets in, after which it falls; the IaU is greater for barley, which is
cut dead ripe, than for wheat, which is cut when maturation changes
are only beginning. With wheat from Broadbalk the manuring had
very little effect on the composition o{ the grain or stra\M, whereas
with barley from Hoos Field the effect of phosphoric acid starvation
was reflected in the results obtained. (3). Later work on the phos-
phate requirements of barley emphasized the great importance of
adequate supplies in the early stages of gro\trth. Normal develop
ment and maximum dry weight are attahed if phosphate is supplied
for the first few weeks even if it be entirely withleld afterwards,
though the actual amount of phosphate absorbed continues to
increase steadily if the supply is maintained. On the other hand
the absence oI phosphate dudng early gro&th seriously hinders
development, even though an adequate amount is given after short
periods of deprivation. (r). Parallel experiments, as yet unpublished,
ildicate a somewhat similar response with regard to potash, mai-
mum dry wetht being attahable after a fe\y weeks' initial supply,
but with nitrogen, increase of dry weight continues with nitrogen
supply up to a relatively short time before maturity.

The {irst work on plant physiology at Rothamsted w.Ls con-
cerned with the action of various substances, especially plant
poisons, on gro*th. It had been supposed that all substances
deleterious to plant gro.\lth act as stimulating agents if they are
ava able only in exceedingly minute quantities, and in lgOT
investitations were begun in water cultures to test this hy'pothesis.
Salts of manganese, copper, zinc, arsenic and boron were studied,
but, while toxic effects were always produced by relatively small
amounts, minute traces did not always have a stimulating action
rmder the conditions of experiment. Arsenious acid and arsenites
were far more toxic than corresponding doses oI arsenic acid and
arsenates. (5).

Boron is less toxic than the other elements tested, but it was
not till l92l that a chance observation drevi'attention to a far more
important question-the possibility that boron might be an essential
element for plant grolvth. Attempts to grow beans in rvater cultures
had always failed, and it so happened that they had never been
tested in solutions containing boron till 1921, when a series of
Vicia Jabaplantswere grown for entomological purposes with various
elements in addition to the u-sual nutrient salts. This was followed
up by Miss K. Warington, and it rvas conclusively established that a
trace of boron is absolutely essential for the growth of manv plants.
and that in its absence the meristematic tissues are adverseh-
aflected and death ultimately occurs. In l/icra the cambium celis
are greatly enlarged ir the absence of boron, and breaking down of
the vascular tissues proceeds from the stem apex downwards.

(l) W. E, Brcochl.y-" Tb. Dev.lopd.nr oI tbe cain of Barlev.' ADD. Bor, I0lr. Vot.
XXVI., pp. 903.28; W. E. Beocblcy- Ihe Dev.lop@eat oI rh. Flirw.r ed ctfu of B&1.!.. '
f, IGt. Blfl. 1910, \'ol, XXVI, oD.315-32.

{a I w' E. Btuchl.y-" Th. Pho6phate RequireEeot of B&l€y ar DiIfc@t P.riods ot Geith."
A@. Bot.1919. Vol. XLUI, pp. 80-110.

(5) W. E. Btucht.v-" Tbc lnflEne of Copp.r Sulpbate and Mans.D@ Sulpbat. uDo! rb.
Gerth ol Bdl.y." Aon- Bot.,1910. Vol. XXIV, pp.671-83;W. E. Br;ncLley-'r O, th;&tior
ol C.naiD CooDouds of ZiDc, Aroic, and Boo otr tb. GEwth ol Plaots. ' Ano Bot. 1914
Vol. XXVIII, pp. 281-301i W. E. am.hl.y-" lmrsei( Pr.nt Poie6 aod Stioolers "(Csbrida. Univ. PE<), SEoDd Edirioo, larI, pp. lir.
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Deficiency of boron also 
"ur".:; affects nodule oroduction bv

inhibiting the development of the vascular strands'which suooli,
the carbohydrate material needed as a source of energy for'ihl
bacteria. The latter become parasitic, attacking the proioplasm of
the host cell, and the ultimate result is abnormal nodules ihich are
only capable of fixing very small amounts of nitrogen, less than
one-tenth of that fixed in normal plants.

The need for boron was at firsi thought to be speci{ic to legu-
minous plants, but it has since been shown to bi essential ior
other species, although the requisite amount may be less. The
chemical combination in which-it is presented to ihe plani is im-
material, but no other element, out ofover fifty tested,- has proved
capable of replacing it. Boron deficiency slTnptoms appe; more
slowly during spring and auturnn than irr thi simmer ir6nths, the
delay being controlled more by the shorter length of dav than bv
the lo-wer temperatures. The symptoms are similar under"both long
and short day conditions, though they are less pronouaced and theii
progress is retarded u.ith short da-vs. In no circumstances,
however, did shortening the dav when boron was supplied produce
degeneration effects similar to those induced bv a Iacliof boion. (.).
Though tbe need for boron is fully recognised, its function is siiil
undetermined. It may b€ connected with the uptake or utilisation
of other nutrients, but though some indications were obtained of an
association between boron and calciurn, the evidence was not
conclusive and the search continues.

This question of boron deficiency is proving to be one of con-
siderable economic importance, as it is now lound that certain
obscure " physiotogical " diseases of important cuJrivated crops,
,.9., heart-rot of sugar beet, brown hean of turnips and cert;in
tobacco diseases, can be cured by the application of from 12-20 lb-
oI borax per acre. In Sumatra boron compounds tale a rcgular
place in the manuring of the tobacco crops, and u'herever sugar beet
is grown watch is being kept lor heart-rot and boron amelioration is
being attempted. The subject is beiag further studied. (7).

During recent years much attention has been directed to the
importance of these " minor " elements in plant nutrition, and to
the possibility oI utiJising them in agricultural practice for crop
improvement. Before this can be done, however, Iull information
on the action oI the various elements is needed, and the botanical
department endeavours to supply this. Claims are frequently made
of healy crop increases due to the use of certain elements, such as
titanium, copper, etc., and these are as lar as possible investigated
both in soil and water cultures. It seldom happens that the benefit

16) K, Wrioaroo-" Tb. Efiet ol Bct A"id and Bora. on rlre Brcrd Be& and @rtaib
o!h& Plets." An. Bor., 1923, vol. XXX vl l, pp. 029.72 ; lC waritrstoD- ' Tte Cbes6 ioduccd
i! rh. Anarooi.d Srrucr@ ot vk:ia l.ba by the At'*@ of Borcn IoE rhe NuFi..r Soluri@ "
Ao. Dot., 1916, Vol, XL, pp. ,i-12', W. E. BFnchl.y ud H, G, Tbomroo-- Tbe R.latioo
bctrm tbe DevelopEeDt, Srtutw ed FuDctiodlao{ thc Nodul* on yii4labz, as ioflucned
byttr Pr6oe or Abseot Bo@in rhe Ntrtrieot eitium. ' ho. Roy, S@. 4., 1915, vol. 9$,
DD. 3r!.09 : W. E. Brencbley dd X. Wann8toD -" The Rnle o, Borcn in rb" Crcwtb ot Plers '
AD. Bot., 1917, Vo!.XLI, Dp. 167-37; K. W&ington-" The l lu6c. of l*rsth of D.y o! the
R6I@!c of Plants io Borcn." A@. Bol., 1933, vol. XLVII, pp. 4rr-57.

(7) K. !l'aina.!d-" Strdie io tb. Aberptio! o{ Calci@ frco Nutliot Solutioa, rirb
SEi.l RcI@ to rbc Pteod or Ab*Ir ol Borc!," A@ Bot,, 1931, Vol. XLVIII, pp
7a!-7a: E, RoIF'A SrldroI Bean-rct E youra sEar bei olaots arcfr in cdre olutirc."
Ann- Bot. (In r'!6).
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claimed ca! be substantiated rnder experimental conditions, but
the possibility always exists, and it is of the greatest imtr)ortarce
that all available inlormation shall be obtained on the action of
various elements on di{Ierent t1'pes oI soil and under dilferent
growth conditions.(8).

From time to time an agdcultural outlet is sought for by-products
in industry- Atternpts were made to use iodine compounds (ofwhich
there axe considerable Fotential supplies) as a partial sterilisation
agent to improve the germination of tomatoes in " sick " soils, and
as a preventive of " damping off," but with little or no success.
Stronger doses of iodi.ne added to the usual manures $.ere
definitely harmful to the germination of barley and mustard, if the
seeds rvere sowTl directly after treatment- This toxic action gradu-
ally decreased and lat€r sown seeds were not affected. Although
occasional examples of stimulation were observed in mustard, the
results failed to iustify any recommendation of an extended use of
iodine for agricultural purposes. (e).

The large p€rcentages of silicon present in certain crops, especi-
ally cereals, had long attracted attention and sugtested that silicon
couJd partially replace phosphorus in the economy of the plant.
Experiments in water cultures indicated that under normal con-
ditions of nutrition, rvith available phosphate present, silicon is
ineflective in improving grorth, though in the entire absence of
phosphate it may produce a slight increase ir dry weight. Crops
vary in their response to silicate on different types of soil, a certain
improvement being obtained chiefly when potash or phosphate
is deficient. The benefits, however, were insuftcient to justi{y
the addition of silicates to the usual manures.(lo)

The action of certain organic compounds on growth has been
studied in view of their use as fumigants or sterilising agents. When
supptied through the roots, prussic acid and cyanides are extremely
poisonous; I part in l00,0OO proved Iatal to peas, and barley was
slightly more resistant, but no sign of stimulation has been observed
pith ary concentration down to I part in 1,000,000,000. The phenols
behave similarly in their general effects, though the individual sub.
stances exert their specific action at somewhat different concentra-
tions- High concentrations are fatal, and somewhat lower strengths
have a paralvsing ef{ect at Iirst, seriously checking growth for some
time. This hhibition gradually wears o{f, and the affected plants mav
ultimately make as good growth as the controls. This t,'pe of
temporary inhibition is rarely seen with inorganic poisons, and
may be due to a weakening of the organic toxic material by oxidation
or other chemical change. (rr)

(8) \V. E. Arencbley-'Tle Actioo on the GrcsrL ot Crcps ol SBall PrrcelraRe ot .eniin
V.talli. ComtDoods rb.n .pplied rith frioary AniricEr Fertiti96. l, Arna, Sci., 1932,
vol. XXII, pp. 706.i5 ; W, E. BEmhlet-.. Tbe Ef td ot RubidiuD Sulph.tC ud pe]ladi@
Cldid. on th. GrcErL of Plrts. " AnD, Appl. Biol.. t93{, Vol. XXI. Do. 399 r? : w' E, Btucbl.y
-" T!. Esntial N.tw ol e.taio Mie. EL@at3 tor Pl.tr! NuaitioD." Bot. Rev., lst5.
UDpublisb.d sork oo CoprE. Nickel .od Cobalt,

(cJw.E.Brcocbl.y-'ToeEltetoftodincoDsJilsaodPlenti.'Ana.l.ppl.B'o1., lorl,
Vol. XI, pp. 86-ltt.

(r0) W. E. BEDcbl.y, E. J. Itak.ll .!d K. WdinA@D j Tbc Itrt r-Elattoo betweD Silicou
ald orh.r ELaor3 io Pltur Nurritio& ' An. Appl, B!or., r9r7, Vor. XtV, pp, a5.82.

(u) W. E. BEnchlcy-" Orsaoic Plot Poboc. I. Hvd.cr?tri. Acid." AE!. Bot.. lru
Vol. XXXL pp. {17.5G: W. E. B.inchley -'O.gaii,' Pl.at Poiaonc. ll. Pbenots." An;. Bo!.
1918, vol. XXXII, pp,95c-is.
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Alcohol, absorbed by the roots, is delinitely toxic in fairly high
concentrations, ethyl alcohol being more poisonous to barley than
methyl alcohol. The difference in toxicit], is not merely one of
degree, but of kind, as with ethyl alcohol ear development was
Iound to begin early, with a corresponding early death of super-
fluous leaves, whereas with meth,vl alcohol activc vegetative grorth
continued much longer and ear development was delayed. (1r). A
general review of the resistance of plants to poisons and alkalies,
covering a wide field, rvas recentlj/ presented at the Third Inter-
national Congress for Comparative Pathology at Athens. (1r)

During the course oI these inquiries various physiological prob-
lems arising out oI the methods o{ technique were studied. Early
work with solutions extracted {rom various Rothamsted soils
indicated that within wide limits the rate of growth of a plant
varies with the concentration of the nutritive solution, irrespective
o( the total arnount of plant food available. Later on, in standardis-
ing the solutions to be used for water cultures, it was again found
that the concentration of the nutrient solution, up to a com-
paratively high strength, has a great effect upon the rate and
amount of gro\*th and that starvation effects, due to insuficient
nutriment, are obtainable in much stronger concentrations than was
usuallyrecognised. (1')

The harmful elfect of overcrowding plants is usually attributed
to competition for food and water in a limited area of soil. The
importance o{ aerial competition for light, essential for photosJm-
thesis, was showa by growing barley plants in individual bottles
to eliminate competition Ior food and water, but so closely crowded
together that serious shading occurred. The crowded plants suf-
fered drastic reduction in development and ear production, whereas
corresponding plants, given ample space, tended to produce a
standard type in wNch the relation between the number of ti.llers
and ears, dry weights, and ratios of root to shoot approfmated in
some degree to a constant standard.

Although the water culture work is carried on in a roof gteen-
house, with minimum interference with the available light, the
eflective experimertal period duri.ng the year is limited by light
condilions, and as a general rule, Iew experiments can be carried on
during ihe winter months. On the other hand, cereals fail to grorv
well if sown too [ate, and the usual plan is to start cereal exPeri-
ments during February or March at the latest, and when a later
crop is required to utilise other Plants, as broad beans or peas,
which will develop successfully from summer sowings. Depression
of groMh during very hot sunny weather was traced to high tem-
peratures at the roots associated with strong and prolonged sun-
shine. though the nvo factors acting individualh' catre much less

{rr) A. N. Pui i Elle! of }letbyl d Etbyl Al@hol on th. GroLvth o{ Ba.l.v Planls."
Aon, Bor.,19l,l, Vol. XXXVIII, pp, ?15-6r.

(13) \v. E. BreDchley-'Th. R6btan@ of Pl Lsio PoieDs .nd .ukali6.' ' Ripn.lnr tEl.r.
Coni. Pathot. Comp., Ath.rs, 1036, Dp. 3-13.

(la) A. D. HaU. W, E. BrcE(blcy end L. M. UndeEood-" Tb. Soil Solutioo ald tbe }lioera
conariau.otsoIrhesoij.'J.Asric.scr., 1911, vol. vl, pp. r78-3ol: Phil, Trals. Roy. s@ 8.,
1gt4- Vol. ,04. DD. l?g-ro0: W. E. BEnchl.v- fhe Eflel ol tb€ Con@nE.tron ol th. Nuridl
Soluiioo o! td; Lrcwrb oI B&by .nd Wb.jt ia w.rer cdtllB." Ann. Bot., 19t6. vol. Xxx .
p9.11-94.
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damage. This difficulty was overcome by using sun-blinds and b1.
giving better protection from the direct rays of the sun to the
cultue bottles, thus keeping the root temperatures at a lower
level. (15).

In pot and water culture experiments the ultimate measure of
the result is usually that o{ dry weight, associated with chemical
analyses and observations made during glo&th. The practice has
always been to grade the larger seeds used for experimeEt within
close limits of weight, on the assumption that the amount of reserve
food in the seed rnight have an effect upon grow"th and the final
crop. The correctness of this assumption was proved by experi-
ments with peas and barley in which a steady and considerable rise
in the dry weight of the plants occurred as the initial weight of the
seed increased. Similar results were obtaired with either a limited
or abundant food supply, and justify the use of large heav,v seed
for agricultural crops.

With pot cultues the caking oI the soil due to surface watering
has been overcome by sinking small earthenware pots to their rims
in the soil oI the experimental pots, and adding the water through
the porous pots. Better root development is thus obtained and
incidentally much time is saved in rvatering. (t0)

Iuch o{ the rvork of the botanical department is concerned \Mith
germination and pot culture tests of manures and other substances
requirhg investigation, the results of which are frequently incor-
porated in unpublished reports. With the outbreak of the Great
War, fertilisers became increasingly difficult to obtain, and various
waste products were exa.mined in the search for substitutes, such as
pottery waste, leather waste, flue dust and blast furnace dust con-
taining lead oxide. The conclusion of the War brought a reversal
of activities in the attempt to find an outlet Ior superfluous muni-
tions bv converting T.N.T., cordite, etc., into fertilisers and utilising
ammonium and potassium perchlorates as rveed-killers, as they are
too toxic to have manurial value. Germination tests are repeatedly
called for, often as a preliminary to further developments if the
resuits prove satis{actory. Large scale pot culture experiments
may be caried on for several years be{ore the final report is issued,
and frequently a number of soils are imported from various districts
in order that tests may be made on different soils under parallel
environmental conditions, Superphosphate, mineral phosphate,
basic slag, ammonium humate, cyanamide, humunit, sewage sludge,
poultry manure, copper sulphate and peat manure are among the
substances investigated over a long period, in some cases in associa-
tion with the chemical department. (r7)

The root development of barle5'and wheat was worked out with

Appl. Biol., 1919,
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special relerence to the " white " roots produced about the time
that tillerint begins. Their function is probablv to provide the Dlant
with a plentlfut supply of water and di'ssolved"nutients at the time
that vigorous growth is setting in, abundant root hairs and an
enlarged conducting s]'stem formilg the necessarv mechanism.(18)

A funher branch of the department's activities deals directlv
with {ield problems. The important question of weeds and tbeir
eradication led to a series of surveys of arable land to ascertain how
far weed species are associated with particular soils or crops, and to
wh2.t. extent th€y are oI general distribution. Comparatlvely few
indjvidual weeds carr be regarded as svrnptomatic of special twes of
soils, but groups, of weeds are characteristic of clay, chalk aid peat
while loarns tend to be colonised by a greater variety. Information
on these points is still being collected with rhe aid of observers in
schools and colleges in various parts of r he couarn,.(rr)

The harmful effect of weeds in crops appears to be due to direct
comp€tition for the essential food, water and light, though the
porsibilitv of some toxic effect bv root excretions cannot altogether
be ruled out. -{ccuate knowledge of the habits of weeds is essential
Ior devising appropriate methods oI eradicarion, and a considerable
amount of work has been devoted to this end. (s)

Direct experiments on eradication have been carried out from
time to time, the most noteworthy results being the effective use of
perchlorate for ridding parhs of weeds, and the po:sibility of utilising
thiocyanates for improving ven' weedy grassland. - 

The lattei
experiment is still in hand, and promises considerable success.
Sodium chlorate is so effective in keeping down weeds that it is
now regularly used in the precincts oI the laboratories. Special care
is needed to avoid splashing boots and clothes with the solution as
chlorates are verJr inflammable iI they dry on to organic material.

The dificulties of rveed eradication are intensified by the fact
that seeds buried in the soil are able to retain their vitaliiy for tong
periods, olten extending over many years. Living seeds of weed;
characteristic of arable land were found in areai that had been
under grass for varying times (Laboratory House lleadow, 58 years ;
Barnfield grass, 40 years; Geescroft, 32 years, New Zealand field,
10 -yeqrs). IIore than a dozen species germinated, Atripkr latulaand Polygonum aaiculare providing the greatest number of

(tE) W. E. BEqcbley od V. c. la(kson-" R@t DercloDmeEr in Batev atrd wh€ar nnd.rditld![t coudilioG oI Crowrh." Ad. Bor., 1921, Vol. XXXV, pp. b33.56 ; V. c. Ia, L$!-
".{latooical Srrurtm ol rh. R@r5 of Bdtcy." AM. BoL., t 0r2. V6l. XXXVI, pp. 2t 39.

(19) lV, E. Bmchle!- The $'eds ol AEble tid i. Reldrioa lo r-he Soils otr *hi.h rhcvGrct. l. A@, Aot., l9ll, Vol, xX\',Dp. 155-85; ..Tbe Wedsof AEbl. t{, i! R.tarioir
to th. Soilsoo Fhich tbey Grc*." ll.Au, ltot,, lgtz.Vol.XXVI.Do,giFlog:..T[eW..dsor
Arable L&d b Relatioo to tb. So'lsoE wbich rh.v ciow." III- i;; r]6r t0l3 v6t xxv
pp. 14l-66 : W. E. B@c!ley-'' We€ds b l(elalioi to Sor-" t. Ird. Aaic.. lgu-ti. 1"1- Xvuipp. 18.14; J, Bd. Asric., lrtr-t3. 1ot,XIX.oD.30.26: t. Erd. AEric_- igr3-tr. Vot. Xx DD
l9&r05 i W. E. BEnchley-' We€ds o, FaEir trad, , rj'ilmns- dR; & co rgro ." iid:
W. E. BFUnIe!-.. truoi Ratue 6 a W..d @ ,{Ebt. !-Jd:,. J. Bd. .{sric., I s ig-rs, Vi,i. x iXlpp. 1006-9. '

(20) w. E. Bftncdey - The EIIsr of Weds uDon Ceeal CroD3. " NewPbrr..tuli- vol xvrpD.53-76 W. E. BErchley -" Tbe Erler oI Wals um Cb;-" I Rt a;; tci?.tx \.dxxlv, pp. tt9{.1.00; w. E. BErcrdey-,. Weds d Arab6 6d ua inai sumxiion i:
l- Roy, Aaric. S@. Etrg., rsl5. \'ol. LXXVI Do. l-!r: W. E. Btuc ev- ,. sDavi;?". w.",t
E{adicado! 'J Ba& ald w;r & Sou. Cod:S@., ietl-r5, Vol. Xl{, DD. t-'roi W. E. B.;;.cUey-" EEdicarioo ol wee& b y sprays and [l&iE.,, t.Ad. AEic-i0r8.te- Vol_ xxv bbl{7{-8r; W, E. BEDchley -,' W6t Coi(ry cr.ssteds.,, l. Barb ;d W6t & Sou. Cou Se_.,
1916-17, !'ol. XI, trp. l-2i
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individuals.(E) The undue increase of poppies and black bent
(Alopecurus agrestis) on Broadbalk field led to a te-o-year fallow,
providing opportunity for ma-king a numerical census of the number of
viable seeds irr the soil before and during treatment, and of following
up the after effects of fallowing on the weed flora. Weed species in
general show a delinite tendency to germinate at a particular season :

the maiority germinate chiefly in the autunn, but alew, e.g. Poly-
gonum aoicuJare and, Badsia ododitzs, reach their maximum in the
spring. This is of great importance in practice, as rveeds are most easily
destroyed in the secdling stage, and cultivation duri.ng the dormant
period of the seeds can do nothing towards their eradication. No
adequate explanation of the cause of this seasonal ef{ect is forth-
coming, though experiments carried out with seeds kept io constant
and in fluctuating daily tenperatures indicate that temperatue
conditions are apparently of great, though not of sole, importance.
Fallolying operations do not equaily reduce all sPecies, as the range
of reduction varies over a wide percentage, v/hile a {ew species may
even be increased. This occurs if the interval between cultivations
is too long, as some rapidly-growing species are then able to reach
maturity and replenish the soil with seeds. The ultimate re-estab-
lishment of weed species is not correlated with the degree of reduction
by fallowing, but seems to depend upon the rapidity with which any
species can begin to reassert itself. Alolecurus agrestis and. Stzf,laria
med.ia were drasticaJly reduced by fallowing, but within three years
they were more plentiful than before treatment, uthercas Pa?auer
rheas has remained approximately at the fifty per cent. level to
which it was reduced by the fallow. (")

The results of giving weeds a Iree hand among the crops is well
shown by Broadbalk wilderness, in which the wheat crop of 1882
has reverted to an oak-hazel wood rvhere it is entirely undisturbed,
and to a rough meadorv where the trees and shrubs are removed
yearl1.. (a)

The dominant species in the weed flora of any area are to a Sreat
extent determined by the crop and its type of cultivation, winter
wheat, spring barley and root crops prcsenting quite a di{ferent
balance in their associated weeds. The cumulative elfect of long-
continued manuring appears to be o{ secondary importance excePt
in cases of serious deficiency, such as a lack oI nitrogen or exhaustion
of minerals induced by a prolonged application of anmonium salts
only. (a.)

Though weeds are generally regarded as pernicious, they have
certail beneficent aspects, and durirg the War search was made
for the various uses to which they could be put as substitutes for
essential materials that were difrcult to obtail. The rarge o{

l2l) W. E. Bre(blev- Bucd W€ed S.tds. J. Asric. S.i., 1918, \'ol. IX, pp. l_31.
i22r w E BmLhl.v &d li. WdnEtoa- Trie Wed sed PoDulatioD ol ABble Soil. L

" Nim;nal Esd@rior b, viablc S..ds -ed Ob* atio6 on rb.ir Nalural Dol@ocv." J. Ecol-
19!0. Vol. XVIII. DD, 235-72 : ll. ' Iollooe ol CroD, Soil d Vethods oI CultrvalioD upoo lbe
R&LiE Abudeie- ol viable Sc.dr" l, Ecol., 1931, vol. XXI, pp l03_r7; IIL " Th. Re'
6t:bushheor o, we.d SrEi.s.It r R.dEctioo bv FalloriDs." l. E ol, (Itr Pta) r I<. wdi.gton
-" Tbe Elldt oI Cost.llt ad Fluct@titrs TcEpdatc oo th; G.diMtio! of th. W..d Sc.als,
ia AEblp son." L Ecol., 1956, Vol. Xxlv. pp. !85-104,

rr3r w. E. Branchld ald H, Adu-' R.<irlooisation oI Coltiv.t.d Lod auor.d to Evcn
io lia#al C.!drtic."' J. E@1., lol5, vol. IIl, pp. 19!.110.

(ta) K. wdilston-'i Th. lstllEe ol Uounns oo the W..d Fl@ of Anblc L!i!."
J. EcoL, rgs, Vol. XU, pP.1u-r6.
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possible uses is very wide, but in most cases the value is too low
or the costs of collection and manufacture are too great Io, 

""oro-icexploitation under normal conditions. (s)
Through all these years of change'and proeress the orieinal

botanical work on Park grass was never negteciedi partiat ana"lyses
of the herbage were made year by !-ear, bi Mr. I. I. Willis. tili his
death in l9Il, after which the woik was trinsferridio the botanical
department. In Igl4 and lglg complete botanical analrses of everv
plot were made by a specially reiruited staff of assistants, witir
)Iiss G. Bassil as deputy supervisor and Mr. E. Gray as refeiee for
knotty- points, in view of his long experience of-the plots and
methods of separation. These resultiprovided aeauee for e'stimating
the change in the herbage since 1877, when I_aries, Gilbert anI
Masters had completed a series of four quinquennial analvses. Thev
also demonstrated the effects of the sisterir of timins 6ne half of
each plot. instituted bv IIr. (now Sir) .\. D. Hall. in lgd3. Complete
and partial analyses of specific plots are still made regularlv. dnd a
complete synopsis of the resu.lts obtained since tbe exoeriment was
started in 1856 is now availabte in published form.(ri Ttre serious
todging that ocsurs on the heavily-hanured plots il 'some 

seasons
and the- comparative rigidity of plants suplhed with potassium
salts led to an anatomical investigation 

- of Dac$lis 
-glomerata,

and the results se€med to point to the rigidity being due io phvsio-
logical causes rather than to anatomical stre'n6hen1ng. (r?) 

-Ai 
one

period. when frost had devastated the unlimedlrea reieivins heavv
dressings of ammonium sulphate, a heavy invasion of f-ireweed
(Epilobiu.m 

- 
atgustiJoliuml occtrred., but in succeeding years it.

failed to hold its ground, and disappeared from the plotslfdy
On the solitary classical plot (Plot l3) receiving oiganic manures.

Iiming usualty proved derrimental to the crop. -Frdm Ig20 other
plots lyere treated with light and heary dressings of lime at four-
vear intervals, and again it appeared that iIr coniunction with
organic manure, or with such combinations of artificials as nirrate
of soda a-nd minerals, liming mav carce considerable reduction of
yicld. (,,)

The present practice vrith regard to Park grass is to conduct
botanical ana\rses over a period of vears to eluaidate some special
point in connection with the effect of certain manurial svstems.
From l9l9 to I934 attention was concentrated on the influ;nce of
season upon the botanical compositioD of the herbage from vear to
year, in the presence and absence of lime. With complete {ertilisers,

(16) W. E. Br.nrhl.y J U*ful F.Fo We.L." I. \to. A6-._ lgls-ls- vor xxv nn
0{9.58: W. E. BEn.hley J'Us oI Wedr ald Wdd PlatrLs,'r s]i. prcq..'t9_19. V;i 1t0
iB;.lr#t, 

*. E. Drochley-- weds or Fam lE.L ' bo€Dd, crc;n r ai., rosn. ppl

(26) J. B. hF6, l. H- cilbdt .trd u- T. ]tdte,ts.. R6ult5 of Elp.rimcnrs on thc ltjrcd
Hsbase ol Peun.nt Veado*. II. The Botaaicrl R6ult'.. pnn_ T.j*_ R;" s; t"tiii
l88r.pp. l18l-l{13: W. E. Brenchley r. Yeurins ot c r 6s trnd tor gav.,, t-oixmaoi. Crttn tiLo., lurl. pp. 116 i \r/, !:. t Eocblev-. Park cru$ Ptots.', kolh.@ted Atuuat Rep., IO3il,pp, 133-169.

- JrTl O-- l.-. _t{aq--..:r_be Etr..t of Pot siuo Satrs oa th. ADatoDy ot Dadyti ,totu.t .,,
J, Agrrc, Sa, 1910, Vol,IX, pp. 338-66.

---{r8)w.E-BE@hr.yadS.c.Hehtu-..ColoEietiotbyEpi*)bitn.4rrta6o!i.,'J.E@t.,1e33, Vol. XXL DD, l0l-2.
(r9) W. E. BEncbley-.. Effer ot Lisbr ald Heary Drcsshis of LiEc oo ctsla d.,' T. Bd

Aanc., 1916-6. pp. 604-1, ; .w. E. Brc!.hl.y- 'The Varvloi Etfar ol LiE. on crasldA -ithitifl.mt S.heE6 of Mouiia." J. MiD. Aaric,, 1925, pp. 604-tr.
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including nitrogen and minerals, the relative proportiorx of the three
main groups of species, i.e. grasses, leguminous and miscellaneous
plants, are not usually much affected by season, tlough tle in-
dividual species varJr, but with one-sided fertilisers and on un-
manured areas wide fluctuations occur in the percentage of these
groups. (80) A new ryde of aralyses is now b€ing carried out to
determine the effect of potash on the herbage fluctuations from year
to year in relation to the supply of nitrogenous Iertilisers. The Park
grass plots afford a unique opportunity o{ observing the relations
between plant species and seasonal and manurial conditions.

INSECT PESTS AT ROTHAMSTED AND I!'OBURN, T$6
A. C. Evexs

GENERAL
A very severe attack of pigmy mangold b€etle occurred on

Bamfield, the entire crop beiag lost. \Vheat bulb.fly caused much
damage on the Altemate Wheat and Fallow and on the Four-Course
Rotation experiments. Pigeons completely destroyed the first
planting o{ brussels sprouts on Fosters.

Wrrrer
Wheat bulbfly (Hykmyia coarctala Fall.\ caused much damage

on the Alternate Wheat and Fallov and Four Course Rotation
experiments, but was slight elsewhere. On Broadbalk, the wheat
blossom midges (Siltd-iflosis mosella*a G6hin and Conturinia
ttitici Kirbyl are stead y increasing. The followilg are the
figures lor the last tbree years-

Number of Lan'ae per 5'00 ears
1933 193.1 1935

C. t/itici .. 1,4i1 3,381 4,289
.. 3ls 572 4,22t

Percentage Grain Attack
C. ,irici O.7
S. rrrasellana .. .. 1.4

1.5 ll
2.5 18.0

The percentage parasitisrn found is still low, and so a still Iurther
increase in the numbers of the midges is expected in 1936.

BARLEY

Few gout-fly lchlorcls lac ofus }Ieig.) were Present. Several
arva of a leaf{ating b@tle (Lerna nelano|o I.) were found on
barley on Hoos field. this species has not yet been recorded in these
reports as occurring on the farm.

Oars
A severe attack of @lworm (Hclarodcro schachlii Scbmidt)

occurred on I-ong Hoos I. Fortunately the infested area was small.

lSOl W, E. B*ochlrv-" Thc IEIlucDe oI S@e! dd oI lhe ApDlietion ol Lioe @ t!'
a"rUi.i c"6;ii,.-;ii c.* I-""4 uou"g". ' 

^E 
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