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REPORT FOR 1937

THE PROBLEMS BEFORE THE RESEARCH STATIONS
The main outlines of the problem before the agricultural research

stations are clear and inconiestible- Since l9l9 the area of arable
Iand in England and Wates has fallen by 3.2 million acres, wlile the
grassland ias increased onlv by 1.3 miilion acres: the total loss of
igricultural land has, thereibni, been 1.9 million acres. Since l9l4
t[e loss has been even Sreater, amounting to 2.3 million acres.
The growth of the towns ii responsible for only about 20 Per cent. oI
this loss: most of it represents simply reversion to rough STazrng.
The figures are shom in Table l.

,3:rd,! 6;u;ds lor C@t Britai!, atr in6.@ ol 200 tlo6aaab sincc 192''

Simultaneouslv there has been a fall in the numbers oI workers on
the land. From l92I to 1936 the fall has amounted to nearly a

quarter of a million, all told, for England and Wales :-

TABLE I
Engldnd and Walas : tiotsanil a.r.s

Regular melr
and boys

thousaods

Total \.'orkers,
includioS women
aad casuals

thousaods

869
64t

Onlv about 40 per cent. of our food is produced at homc, the amount
varies, howerre^r, for the different fo6ds. The ProPortion of bome
produition and importation of the dif{ereDt foods in the United
Kingdom is as follows :-

Lnrn
I

l9l9 I936
l-oss or gar
between l9

atrd 1936

Arable laod ,. .. I f0,998
cra-ss land .. .. I 16.116

Total cultivated area ,. I Zz,ll}
I

RooebgraziDgs.. .. I 3,742
Forest .. .. .. I 1,884
other DurDose {to1{Ds. I

vitlag&,6ads, etc.1 .. | 4.357

Totallatrd area .. .. t 31,]

r2,309
14,439

9,120
t5,14?

3,l80loss
1,304 gain

26,744

4,121
1,884e)

4,383

24,863

5,433
2,000 c)

4,837

l,886loss

1,312 gain
116 gaitr

451gaia

37,136 37,r33
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PeaceDtage

Butter ..
Wheat . .
Cheese ..
Sugar ..
Meat--

Home-
produced

I935
IO
2A
30
30

Beef ard Veal
Muttotr alld lamb
Pork aDd bacotr

Eges
Poultry 0)
Potatoes
Liquid milL . .

Iniported

IS35 1936
90 9I
74 17
70 7t
70 62

48 48
57 66
60 .{8
34 38
21 25:i

62
43
50
06
76
96

lo0

. . It is not safe to count on a continuation of imoortation of thekrnd that we- have had hitherto. Much of ou, i-io.ieJ iooJ *ai
Produced_under conditions of prairie farming and ranchine which are
loy fq:iing. A new farming will no doubiarise;n tf,"#.ou"irlo,
Dut nerther quantities nor prices of the products can be toretoiJand t he wisest policv is undoubtedly to <io as much as *" ."r-inlwards leedrng ourselves.

For a.good deal of the home production the farmer is dependent
on- matenats such as fertilizers and feeding stuffs supplied lrim out-
side.

In lace of this shrinking area of land and diminishins numbcr ofworkers how rs lbe Iarmer to maintain and if possible increase hisoutput of,food ? And even more important, it.t ."" U" ao*-io
stop the shrinkage ?

, ,Tl1erg .are various possible remedies, social, economic and
Iecn rrcat, but the llne adopted at the experimental statioDs is to seek
means wher€by the efficiency of the faimer and of the worker can
oe rncreasect so that he may with the same expcnditure of time andenergy'produce more food. Thus can higher wages be afforded for
rne worker and a better standard of life for the countrf,rnan. Greatcr
emciency turns in the end on Breater kno*loeg;;i;'h; -;i.ri"ir-irjor the condluons necessary for their most successful use, and it is th isknowledge that experimental statjons try to obtain.

. The.redeeming feature of what would otherwise be an entireh,
depressing-situation is that the value of the agriculturaio"tp"i;; ;;ilmaintained in spite of the smaller numbei of ".;.-a;d.;i-;;;';c-.ll.c]x-ateg-9n the pre-war price basis the vajue of the outDut was
{14I.7 millions in lg25 for 803 thousand workers, and {i}O:Z'rriif l"r,
i-n .1936 Ior 64I thousand workers. These *" ;;;;;"Jil,;;;';;;rzlues, but nevertheless thev indicate - rnJr"..l"e 

"ffiii**'"iproduction. But these figuies give .o sr.*d L. ?"--J;",i.r"",
r here stt remalns the vital need for increising still furthe:r the orit-put.and efficien,cy of the worker: only in this"wav can.n 

"*no*r"Dasrs b€ lound lor measures to stop the drift to t[e tonn.

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-1-69 pp 4

23

The part played by Rothamsted in the ortanised effort to improve
acricultitre ii tUe studv of soil and crop production. The work
nicessitates a competint staff, good laboratories, exPerimental
fields, and. as the eisential bridge between them, the Pot culture
house.

Provision for the {ields was made in 1934 when the agricultura
Dart of the Rothamsted estate was purchased by the Station: this
'part of the problem can now be regarded as solved.

The next step has been the imProvement of,the laboratori€s,
esoeciallv the ihemical and Bacteriological laboratories which
foi .ome vears Dast have been unsuitable for their work and very
overcrowded. ihe Bacteriological laboratory was erected in 1906,

and the subiect has changed so much since that date as to necessitate

a completel'y different de-sign and equipment. The Chemical labora-
r.r.v rias buitt in l9l3 and l9l4 and here also the developments ot
the" subiect demand an entirelv different design. Plans have been

ar"nor, ,io bv Mr. Michael Tapxr and new laboratories are to be

erected it a'cost of {30.0O0. 
- 
towards this the yinistry of Agri-

culture has made a iirst contribution of [14,500 and a request
has alreadv gone forward {or the rounding off of the sum by the
addition oiai'other {500. The other {15,000 has to be raised by the
Station.

An wen more important matter, however, has been tle subiect
of oreliminarv discuision bv the Committee. In 1943 the Station
*iliiornptet."itt Centenarv and it is proposed to.celebrate the event

bv outtine all its buildines and equipment in thorough order,
pioiains "*u.h needed exiensions, and adding sumcient to the

6"aounmE"t to provide for maintenance of fabric and provisio-n for
.^f"* ,r"..ntit,ions or Fellowships. The total sum required rvill
ue fizs,obo, and the appeal for the {15,000 -needed 

for the new

L-udJoii.t'*rr constit;ie the first Part of the Centenary. Fund

l-""..i. in..*r.h as the Finance'Acts allow of deduction of
irlitn" f.* f.o* tubscriptions to the Fund, provided they are made

in the prescribcd mannei and spread over at least seven ] ears-' lt rs
."il"t'"i,a.a to wait until l${3'before raising the fund but to begin

in the autumn of 1938 so as to allow the necessary sPread-over lor
those who prefer to subscribe in this particular way'

The work of the Station has continued on substantially the same

fi""" .. i" the last preceding years. The erperiments with.crops
h"rr" U""" -"a" "ot'only 

at Roihamsted and at Woburn but also-on

"-nr*f". of ordinary'commercial farms t)'pical of .considerable
;;;;Tfu;. iimitir desigrrs are used at i series of centres aDd

iil"" 
"t" "".n 

that the error"s of the exPeriment can be estimated'
Th,t; G;;;;;arison can be made titween the results obtained

ir i[" iiit**t p[aces, 
"nd 

the fuilest Possible information can be

extracted from the exPeriments'

In the last two Reports extended summaries have been given

of ro-" "i tft" i"""stigaiions. These will not be repeated here : only
the neu' results will be given, or summaries that have not yet been

presented.
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GRASSI.{ND

Rothamsted experiments on grassland fall into three groups :(l) the effects of fertilizers on the leld and compo.ition"ofi"yand on tbe grazing %lue oI pastue la;d ;
(2) the effect of management on the flora of grassland ;

, 
(3) 

-tlr9 
elfects of cake feeding on the composition and nutritivelue of the herbaee

The generalres"ults of the lirsr.um-a.rr"ear^ih;il;;i;;ll!ry:f:lnL'iiJ.:,:,.t,1"*:J""[
to-g-o,over.tbe tround igain in aetall. It is sufhci'enii;;;ililili"rnv1lrgations on basic slag were conti"uea ana .it"nj"d, "'-. 

..,

, .,rne xothamsted park Grass, plots, Uegun in ig56,-show in .stnkrng way the changes broughi about E- irriir*a 'i"ltiii^,
treatment jn the ftora ;f g.*.lir.d. TL. .-td*;;';;'i",i""##Ja
Primarily by the fertilizeris srrr

x'ii'*ffi n*[H1*{*tl,mff '*flk}:fl if,,.T
. , rn rDrs experjment a fairlv uniform frass iield has been chaneedrnto, some 15 or 20 different' flord ryds ui, ;*ii irrl ,iliiii}treatment. 

-.Tb-e converse experiment "wa" 

"ti.t"O 
i.'i-SZ:8.- rG-"ilii"lreld was divided into six i,arts, eacf, of wbicil-wi;*i';iff,;separate trass mixture, theri the ihol" fi.ld ;;:'p;;;;;; ui#;ma.uag€ment, and botanical analyses of th" h";;;;-;;r;";;;..

fr igt,!J+"I*""",f W:**:-;xity*.r.t*l;"h'*;j

*g;iltr#.:tt}++'#*:'r*ffititsttn;ll'''{[appeared but Rough Stalked Mea
small part of each flora- 'oow Grass lorns a definite though

In another fjeld part was sovrandpartwith;Acffi ;-,Ljt::E:1"','#tH':,":f liiilTtr:and are very noticeable in the early part of the season. 
"--r rlt,r(

TEE EFFEcTS oF CAIG FEEDING

- 
-The investigation of the effects ofcake Ieedir:g on the compositionand nutritive- value o, the herbage was commenced in 1986 underthe aegis of the.Royat Agricultuil S".i"iy *iii.t* _li;; #;;trant towards the cost.

q$.,;it*,rxl***t"#g*i'"ffi tt*
3:,ii::,'"i"? ffii"'il'";:';,T.J ;i,i,Ui;1,:lll,1; l*,,*,"i:cen*-s9:_s to be easily accessible trofi aI p"lots. 

--
__ rrne ptots were arranged in three blocksi each of three Dlots. In
:i:'Jtr"T,:iJi:L:'J,'li"f ,r,i"j:$ir"ffisi{ir*:*t*i
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In the next year there will be no cake Ied, but another of the.three
.rlot. will r'eceive during winler and spring artificial fertilizers
lontiining the estimated iranurial equivalents oI the cake. .The third
.,t ttt" old't. vrill be left unmanuted' All tkee plots will then be

erazed'bv bullocks and sheep in the proponion of 3 sheep to I
[ullock : 

-again 
all weights will be recorded. From the increases tn

iiveweieht "rve shall be"able to compare the residual values of the
manue- with the values of artificials supplying their suPposed

ecuivalents. In the third year no plot will be manured, so that any
su'bsequent eflect of cake feeding or of artificials can be estrmated'

The arrangement of the Plots is as lollows :-

Year

1937
r938
r939
1940
l94r
1912
1943
1944
1945

Bloch I
Plot I 2 3

-c-
--M

Bloch 2 Bloch t
43678S
C

!

Per ceDt.
N

2.4

-c-
--M

C is the plot receivitrg cake and M the oBe receiviag artiliclal manures'

The exDeriment will thus be in triplicate, though in each year
onlv oni plot receives cake.--- in ord". to save time at the outset Block 2 is at first treated as

Block i : this avoids considerable delay and it gives some additional
information.---- 

The chanses in herbage are measured by botanical analyses;
samptes beird obtained frdm small cages fixed on the plots so as to
keeo ofl grazing animals.- ?n" ti.rt v"it, 1937, was devoted to uniform grazing {or estimat-
ins the irresularities of the field and also for improving the techmque
of"the exDeriment. In 1938 the cake feedi-ng began.

Tbe rites of feeding proposed are as follows :-

Cahp Year. 5 fattening cattle lxr 5 acres receiving

Per cent.
Pro.

1.6

1.0

Per cent.
Kp
0.9i-D Early Summer (50% flaked maize'

600l" uodec. cotton cake) . .

in hte Summer (50% flaked maize,
50% dec. Sround nut cake)

It is oroposed to increase the rate oI cake-Ieeding steadily th.rorghout
the veai but taking averages we maY assurne per 5 acres m early
suminer 5 catl le wiih an average oI 6 Ib. cake per head per day lor
5O davs eiving a total of I ,500 lb.or 13.4 cwt. Iood, and in late summer

S 
""-tti. 

iitt "rn ."erage of l0 lb. per head per day for 70 days giving
a total of 3,5O0 Ib. or 31.3 cwt' food.

These totals may be expressed on an acre basis as Iollows :-

https://creativecommons.org/licenses/by/4.0/
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Cut. Jo, or,e beast ort ote acre

]I-r.O:,19t]"*rnS winter or spring a neighbouring plot wilt receiverne Ioirowtng manures :_

Early summer
Iate summer

Per aDtruxo

Total fertilizer

Cwt.
per &re

0.68
0.43
0.27
o.12

cake N as hooland hom meal ..
cake N as sulphate of ammonia
cake PlOs as steamed bone flour
cake KrO as sulphate oI potash. .

N
0.09
0.09

'4,

The lengths of tbe grazing period will, narurally, have lo varv with
seasonar condlttons but we shall aim at gefting on a lixed amountof cake per acre per annurn. In th" ev"ii'oi'ieJ.;*i ;i;r;;.";i-';
necessary adjustments can be made in the followin!;;;"; iil;amouats of fertilizers added.

,. In 
-the two years following the cake year the stockine will hearrered rom trme lo time according to the srate oI lhe her6aee_ butthe proportion of one buJlock to it."" ,f,"up *if i ;;';;;;i;#.,eAll animals will be rveighed forrnighrll.. ili'" ;;;r-;rit b"'d#rrom some trme In Notember and December until the herbaoe isready for grazing in May or rhereabouts.

MeltrnrNc or. Hey

^ The immediate and lirst year residual elfects on the hav cron ofu tons compost {mainly from grass mowings) we.e.ompa'.ed fithrrose or aru cfats conslsttng of 2 cwt. nitrate oI soda. B cwt. srr.r..-
Poospnate and I cwt. of 30 per cent. potasb salt Der acre- ti"experrment was conducted at Lady Vanners Schbol, Balewe-ll-Derby, and. commenced in J932.' C;;ia;-;;i;"il";#";';i';
manuring only in lg32 and alrernate years, othirs 

"rfy 
lr 

-ifiaa 

"rialternate years, while a third ser are manured 
"";.i ;;;* 

-"*

TABLE II

39.5
43.1
11.3
62.8
70.5

1933
1934
1935
1936
1937

+ 19.2
+8.5

+ r8.9
+14.9

+ t6.4
+4.5

+14.2
+14.4

+ 21.0

-0.3+r3.8
+r0.5
+19_5

+s.4

+8.9
+6.0
+1.6

Mcddou Hay-Irn ned.iare Effects oJ Anificiats atd Cor\.bast
UeaD yield .\o maoure inJfn"i;::"1 ';:"f,#J;:# lrratruredyinrprevious

_ EespoDse to ResDonse to_\rrrlrcrats Compost I Aftificiatj I Compost

_-The immediate response to artificials is greater than the im_medare response to compost every year. Further, as is to be

26

Y
ooo

o.r8 | o.o8

Proo
0.04
0.06
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€xDected. the resDonses to both marures are greater on Plots without
mimrrine in thi previous vear than on plots which wele then
manured] The av'erage differences between the increases to arti-
ficials and the iacreasis to comPost are 3.? cwt' Per 

-acre.on.Plotsunmanured and ?,0 cwt. per acre on plots manured This lndicales
tbat artificials are more-effective relatively to comPost at iugher
levels o{ yield.

TABLE III
Firs, yea, Residual Effe.ts of AniJicidls Lnd Compost

No Eratrure itr cuEetrt Year MaDui€d iD curreDt year

RespoDse to RespoDse to
Artilicials I ComPost Artilicials I ComPost

1933
t 934
1035
1936
1937

+0.7
+9.8
+2.8
+7.5
+4.2

+2.8
+21.7
+s.7

+ 10.2
+ 13.4

-0.8
+ 8.r

+ t.4
-1.8

-0.9
+7.8
+5.2
+3.4

In most vears there were atso good resPonses to a Previous
vcar's dressin-s o{ manures on Dlots receMng no matrure in the current
i,ear. The rilative e{{ectiveriess o{ the two manures has, however,

6een reversed, compost giving about 6.? cllt. Per acre Eore than
artificials, On plots manured in the curreot ye-ar,- the resldual
ef{ects were smali or negligible except in 1934, in which the residrral
resDonses to the two m-anures were roughly equal; at these tugher
lev'els o{ vield compost has apparently little residual value, a result
in accordance with that indicated above.

ARABLE LAND

TrE LI INc Pnocmmm

Some of the results o{ the I93G37 experiments have ar imPortant
bearins on the limins prograrnme of the Ministry of Agdculture'
ir,-maiv oarts of E tef"'nd ihet" is a dislike of magnesian limestone
ana ofide lime preiared from it. We have rnade a number ot

"ir"ri',*i. 
i. Oiifeient parts of the country but so far obtained

nti evidence tbat the magnesian limestones are detnmental' wnen
;;.4 i; til ouantities i;dicated by tbe ordinary lime reqlirement
methods they give firtly as good results as the correspondlng hlgh-
..i"i"* "i"d"it.. 

In'somi pot experiments, indeed, magnesium
proved bineficiat, but not in iny of the field exPeriments' No rull
iurvev has been made but there is Do Present erflclence oI wloe-

spreai magnesium deficiency in English soils'

RESIDUAL EFFEgrs oF CEALK

The residual effects of chalk have been studied in three, ex-

"..ir";;t il t*o of which there were several dressings of chalk so

L to d,ut"tmir" the most effective amount to aPPly'
- -eii""itrff 

on an acid sandy soit, chalk was applied in 1932

hut nothine was added afterwards. Sutar-beet was Srown by

Ur- e. W. bldershaw, Ior the first four years, 1932-5'

https://creativecommons.org/licenses/by/4.0/
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TABLE IV
Stgat Bcet : TLnsrall. R@t (lors ?e" scr.l

_ The plots without chalk gave negligible \.ields throuehout_
I he srngte dressing (I ton chalk per acrel in IgB2 raised the vi"eld of
roots to 12.6 tons per acre and continued to give good cioos in
subsequen-t y,ears, with no indication of a decreise irieffective'ness-
-lne doutte dresslng gave a further increase in vield each vear of
between 1.2 and 3 tons per acre. The 3 ton diessine or&ed no
better than the 2 ton dressing in th.ree years out of foir] For this
dressng. however, the choice of plots may have been unfortunate
srnce the }ughest dressing (4 tons) did not iail similarlv but eave the
Dest_Jnelrls throughout, about half a ton per acre more ro6ts than
the 2 ton dressing.

The four levels of chalk produced no apparent dillerences insuglr percentage. The residual effects on iire tops were similarto those on roots, except tbat the response fell off'less .t.-f" '"t
the two highest dressinis than with ro&;. 

--

. t.ne experrment was continued with barley in lg86 and cloverhay in 1937.
TABLE V

; tons Per acne
(re32)

Barley: Grain
1936

Clover : Hay
1937

Noae
I

1

Nil
14.5
17.0
t8.3
18.4

Increase

+r4.5
+2.5
+1.3
+0.1

39.3
34.9
37.4
38.8

Ir1creas!

+27.3
+2.4
+2.6
+r.4

Standard EIIor + 1.04 +1.4i

..Tbe resrdual effects persist and the results are similar to tbosewrth suga-r beet,_except that with both crops the B ton dressins has
Swen nlgher ytelds than the 2 ton dressing.
. The experiment has not yet proceedea long enough to tell howIong the effects of_the chalk ;dll iersist, but at"leasi li-if," firrt it""years there rs lllue sign that the effects of tbe lgg2 dressines aredsappeanng. lt wlll also be interesting to see whether the effd:ts oIthe targest dressings persist tonger than" rhose oi'ii;.-;iil il". "'A stmrtar exDeriment has heen carried out by Mr. H. W.Gardner,- of.the Herts. Farm Institute, at Stevenaed o, 

" -rlroii"Ioam soil with somewhat smaller dresiiaes ,i .i;ft. -il"';;;;i-
ment started in I9gil with a crop of luieme which f.iiA -;;i;;to drought. Winter oats followed in 1934, but th;tijd";*;;;i

(r9321 lt32 1C33 193r 1935

NoDe 1-82 l-''-_'_'r I 12.61 l+r0.79, I !a.io l+ t.6oI I r.!.27 l- o.or1 | 11.74 l+ 0.47

2.9{
1I.a0
13.13
13.26
t3.t1

+8,46
+1.83
+0.03
+0.66

Nil

16,36
16.81
t7.26

+r3.37+ 2.tt
+ 0.!6
+ 0.45

L'L I *rn.o.
15.e0 I + l.r3
15.48 I - 0..?
16.07 | + 0.64

st&dard E.ror l+ o.ai,l+ o.6tr i0.332 0.212
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recorded. The oats were undersown with a seeds mixture, which

.or.tit"t". the 1935 crop, while mangolds were grown in 1936'

TABLE VI
1935

Chalk: cYrt,

p€r acre (1933)

c\\1. per acre

each dressiDg

+20.5
+ r3.2
+6.8
+r.3

r930
MaDsolds roots : toDs Per acle- r Increas€ for

Yield I each dressing

t7.22
21.92
29.t2
31.49
31.51

No,le

70
t40
210

46.0
59.2
66.O
67.3

+7.70
+ 4.20
+2.57
+ 0.08

+ 1.7
+5.4
+8.0
+5.9

+ r.6
+5.2
+4.1
+6.3

+ 1.8
+5.6

+r2.8
+5.5

+3.82 I ar.tz I +2.or

The e{fects of aciditv are clearly much less marked than 9t
Tunitau. moderate cropi being obtained in both years -even.in 

the

absence of chalk. The successive increases Per 35 cwt' ol-chalk.were

io.s. fe.z.3.4 and 0.6 cwt. hav in 1935 and 7 70,4 20 1I8ando.o4
i;;.';;;ildrl;1d36. Th*ih" t"tidual response falls olf *eadilv
at the h'igher tevels of application; in particular' the hrghest

dressine w"ould not have proved economically eficient'*'il? 
;;;;;;iimtint uv Mr. Gardner, started.in 1934', the

residual effects on hiv of chalk, potash salt, slag and Galsa PhosPhate

"i. .irai.J 
"tor" 

an"tl in combieation. The Phosphatic treatments

have so far had no beneficial effect, while-potash salt has Produceo
onlv small increases which were not siSnlltcart. lne resPonses to

ii'ir lt. .hatt applied in 1934 are shown in Table VII'
TABLE VII

Hay
crvt.peracre

1934
1935
l938
1837

Standald Erro! I +2.70

Res?onscs lo 73 cut- chalh alplieil ia 1034, Bar"t, Herts
Statrdatd

eltor

+0.t06
+r.r?
+1.55
+ l.3E

As in the other exPeriments there-is.no sign.that.the 9[t"t]t:l
chalk are dving awav, good responses being obtaine-d ln eacn oI tne

last three s6asdns. In tgSO ttre effectiveness ol chalk was lncreaseo

;; ,#;.;;,i; ,ot.tn, iu" lnt""'e to chalk being l2'8 c'wt' with
p6tash'present as igainst 4.4 cwt.. wilh. no Polth' li.,t-n^:^o,tl".I

1'e"t., lio*w"t, the response to chalk has not been allecteo Dv

Potash' onceNrc M,rxu*s
The srowine shortage o{ stable manure has seriously curtailed

rh";;t";i;;inic i1anure for the soil and alternative sources

"." 
#ii'. i,iii.o] MLie and more there is a tendency 10 div€rt waste

gi""Sr*'f .:H.|ffi ::;'i"i,Tl.,1'*3;uJiJn'x:.:::'+#'[{'ffi-"i
valu"e of town refuse treated by a new process ls belng tesrec'

The exDeriments on the making of artificial larrnyard man.ure

from strari have been much facilitated and improved as a result oI

the erectiot of the new building at the farm'

Mean
yield

t6.l
28.8
35.7
25.7
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Ea ,y Resul.ls ttilh Farmyard Ma$$c ot Rotlumsttd
.On the.Classical fields farmyard manure has been compared withanlllclal lertttlsers for a long series of years under continuous

cropping conditions.

Aurdg. Ybld

186r-19ff

lE!r-10r8

lE76-19!!

Stiaw28.l ,,
Plot 80. I pt"r rc.
i@t3 3.39 tons lR@rs 17

It*y-ll4 f1"*" T3a. T-latty -.i"t.i," a Lti.ijii"iri"r"i"i'l?yield, which is equalled in the iase of wheatyrerq, wntcn rs equalted ln the case of wheat grain and mansolds
roots and approached in the case of barley grain by a heavy iom-plete annual dose of artifir-iatc

Other.classical plots showed that the cumulative effects ofrgpeared dressngs ol larmyard manure were considerable and per_
srsted. ror a lone Deriod after the manuring was stopped, Thui onHoosfield the foitowing l.ields were rec&ded in ii,. o".i tf."
seasons some 6b years since the dung on plot 7_I was discoitinued :_

plete dose of artificials.

lglS Barley
l0l9 Barley
I92I grheat
1922 Baiey

UnmaDured since 18?6
Dutrg 14 toDs per acrc
annually lor 26 veaE

I 876- I 00I, atderwards rinmanured

Grain StralY Grain Straw

bush. bush.

8.4
4.7

10.5
t3.0

4.O

9.1
7.4

16.2
ll.5

21.8

8.6
4.4

24.6
lt.3

experiments in lgl,al6." The results ,ho*.a tf," ln.r"arJi" 
"r.Tproducing.power caused by keeping rhe d;s 'h;r;;;;;;i. 
;5rn partlcula.r by providing them with some sheltei- r

The maoner of storage oI farmyard man-ur! was studiea ii fi"n

;v

TABLE VIII

Hoosrield .. I B&r.y

Clop
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Although dung is so widely used, its effects have seldom been
measured in replicated experiments owing to the difrculty o{
applying this bulky material to scattered small plots-

Modaru Refilicatul Erparh*rl,ts on Farmyard Mat*re
The material available consists oI elwor experiments. each on

sugar b€et and potatoes, four on beans (sunmarised on p. 49),
five on mangolds (summarised on p. 43), two each on swedes and
kale and one on wheat. The residua! effects of the manure on the
succeeding crop have also been studied in several eaperiments.

Dhect efJeds
TABLE X

Dilect ElJccts of Forrnyaril Mantlc
Pordloas tons Pcr acrc

Year Centre

Rotharhsted
Rothamsted
Rotiamsted
Rothaested
Rotba.lrsted
Rotiamsted
Rothalasted
Rotna&sted
WimblinstoD
WiBblingtotr
WimbliDgtotr

Mead
yield

6.7t
3.t0

I1.54
9.05
5.21
5.21
6.10
7.81
7.11
8.25

Increa3€
for duDg

+3.19
+r.r2
+r.08
+ l.l0
+2.25
+2.36
+2.t8
+2.14
+6.00
+2.11
+r.tE

Quatrtity
of du[g

t9t5
l9l6
1020
1032
1934
1935
1036
t 937
ts34
t935
1936

t933
1934
1935
1936
1937
1837
t936
t936
t937
t 937

1934
1935
1936
1937

lg22
t023

t932
1936

t9t6

6.46
14.03
11.57
r4.84
14.11
16.08
12.76
12.2t
13.45
r0.63

Sqat B..t Roots lluns p.r
+2.3{
+r.26
+r.23
+1.68
+r.04
+ 0.74
+0.08
+ 0.74
+0.74
+0.1I

l0
20
l5
I5
20
t5
l5
l5

8
8l
0tr

l0
l0

l5
!0

tl0

Rothamsted
Rotiamsted
Rothamsted
Rothamsted
Rothamsted

GaiDsborough
ll'ragby ..
Wragby . .

Iuarket Ras€n

20
t0
l0
t0
l0
l0
t0
l0
t0
t0

1936
1937
1932
t833
ls34

Roots (lons Pel
I 25.50
I 2l 10I sr.zo
I 20.68I re.so

Bcats Grait lc1tt. ?er acr.\
18.7
91.0
16.8
29.0

a.re)
+1.2O
+2.01
+8.t8
+ 4.21
+9.75

t0
IO
l5
l5
l5

+ 1.9
+5.6_0.t
+2.0

StMd.s Rook (lons Pc, acrc)
-- -- r 2e.74 r +3.71.. .. I 16.0 I +r.I

Rala (tons fc/ acac)
.. .. I 20.09 I +4.114.. .. I ra.ll I +2.12

tYhcal G/air. (tushtls Pcr aclcl.. .. I 34.8 I +3.r

l0
l0
l0
l0

RotiaEsted
Rothamsted

Wobuia . ,
Wobum . .

Rotharhstad
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At Rotbamsted the responses in potatoes valied from l.l to A.2
tons per acre, th€ average response to a dressing of lE tons b€ing 2.1
tons Ire-r acre. At Wimblington, on a light fenlind soil, dressin[s of
about 8 tons proved very effective.

A dressing of l0 tons increased the vields of susar beet roots bv
I.3 tons per acre in the Rotbarnsted ixperimenti; elsewhere thL
r€sponses in roots were smaller. In moit experiments dung pro-
duced a small decrease in sugar percentage.

The direct effect of l0 tons of farmvard manure is usuallv
about equivalent to that of 2 cwt. of sulphite of ammonia. Calcu--
lated_ on a nitrogen basis one part of ammoniacal nitrogen is about
equal to 3 parts of farmyard manure in the year of application.

ln order to study the rate o{ exhaustion oi the effeiti of normal
dressings of drmg in rotation practice an experiment on residual
values was laid dox.n in Littte Hooslield in lg04 and continued till
1926. The results showed that the dung made by cattle having a
g_ood cake ration was considerably more effectivd in its first yiar
than dung rnade by animals on a store ration, but in the subsequent
three seasons the effects of the two ty?es of manure were very similar.
The residual effects of dung of any kind were much more pronounced
than those o{ commercial oirganic manures such as shoddy', guano and
rape cake; but in the fourth season after application thi risidues of
dung only increased production some 20 per cent. above the level
o{ the continuously unmanured control plot. The design oI the
Little Hoos experiment was improved in the present Four-Course
Rotation expriment commenced in Hooslield ln 1930. The results
of the first three years o{ the complete cycle were summarised in the
Sta-tion Rcport for 1936, p. 63. Dung, Adco compost, and straw
with supplementary artificials are compared in dfu;ct e{fects and in
residual action over a 5 year period. The three forms of strav/
manure behave in a similar manner and their residual ef{ects are
apparent at least three years after application. As the experiment
proceeds the measurement of manuriafeffects will gain in precision.

Methods oJ alllying farmlard mttt*rc
In the Rothamsted F,otato experiments in 1932 and lg34, duns

ploughed in in autumn was compared with dung ploughed in shonti
before planting in spring. In the Ig34 expeiimeni there was no
a?preciable dilierence betwe€n the effects of the two times of applica-
tion, while in 1932 the spring application gave an extra incriise of
about one ton f,er acre, which was, howevei, not significant
- fn tle late-r Rothamsted potato experiments dung ploughed in
during December or January was compared with dung aplliea in
the bouts-

TABLE XI
Pora.toes I tons pet acre

Farmyanl Llanurc (tB tons ?er acrel
rNo
I auog

Ploughed Itr the
in bouts

I Mea.n I Ad@raac for

I respon* lappuetiorio uours

I +r-lo | +0rl -
| +2.18 I + r.88I +2.4a I +t.go

I S35
1936
t037

7_t5
6_15
7.d4

8.06
8.33
9.60

5.94
5.rl
6.16
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Application in rhe bouts proved definitelv superior each year,
givin! an increase of between I and 2 tons Per acre over the earlier
application.' 'ln the 1936 and 1937 experiments the effect of adding 2 tons of
chaffed straw to the dung was also tested. \4'ith the earlier
aoplication of dung the 5161v was ploughed in, while with the later
a;;lication the stiaw was mixed lrith the dung and stored until
Ubirtins. In both years the addition of straw Produced small but
not sifiificart decraases in yield. In 1936, however, straw increa-sed

the yi;lds on plots which also received sulphate oI ammonia (applied
in the bouts).

The addiiion of straw (l+ tons) to dung is also included in the
new Wobum green 

^"r,,-,riit{ "xpeii^ent. 
On plots receiving dlng

and 2 cwt. suiphate of amm-onia-, straw decreased the yield of }ale
bv 1.0 tons Der;cre . whi le on Dlo ts receiving dung and 4 cwt . sulphate
oi ammonii the decrease waionly 0.1 tons per acre. The difference
between these figures is not significant, but it is in the same direction
as in the 1936 potato experiment. In 1937 the kale crop was a very
ooor one and straw had no appreciable effect.
' Only one experiment isaviilableon the method of applying dung
to sugai beet. Lt Rothamsted in l93l dung wa-s applied and spread
tbree-weeks before ploughing under or immediately befor-e plough-
ing. The later appiication gave a sigaificant increase of 0.7 tons
roots over the earlier aPplication.

TABLE XII
Rtsqonscs to ArliJicials
Potalocs lrons bel dcre)

ResDoDsas to Sulphate o[ Ammonie- AmouDt of I DuDs

Poidocs lrons Pel acre)

sulphate. of
alnmotua

0,4 c$t. N
0.8 cwt. N
0.4 c*t. N
0.8 c1,t. N
O.8 q,r,t. N
0.4 c*t. N
0.4 c*t. N
0.8 crt. N
0.45cwt. N
0.5 cwt. N
0.5 cwt. N

Abseat

+1.85
+ 3.17
+r.35
+1.66
+r.03
+ 1.62
+ t.85
+2.87
+0-29
+0.65
-0.01

Preseot

+2.31
+3.22
+ r.50
+I.88
+1.89
+0.90
+r.90
+3.46
+0.83
+r.26
+0.88

Pres.
minus
Abs.

+0.49
+0.05
+0.24
+0.23
+0.86
-0.53
+0.05
+0.59
+0.54
+0.61
+0.8s

S.E. oI
differ-

+0-471
+0.4?l
+0.476
+0.476
+0.320
+0.612
+0.366
+0.366
+0-354
+0.404
+0.891

DuDg Dilference

t932

t934

Rothamsted . .

Rothamsted . .

Rothamsted . .
Rothaa3ted . .
Rotiamsted . .

Wimbtin*oa,wimblitrSton

Wi!!bliDgtoa

t035
t936
1937

1934
1935
1936

r932

t937
r934
1935
1936

1937
1935
1930

RespoBses to SulPhate of
l Amount of I

I sulphate of I

I potasl I

RothaEsted . . l0.8cwt.KOl -0.16
I 1.6 cwt. KiO | +0.15

Rothamsted,. I 1.6 c*t. K'O | +0.73
Wimblingtotr | l.lzcwt.Krol +4.S3
WimbliDstoD ll.25cwt.K'O I +2.43
Wimblingtoa ll.2ftwt.KrO | +0.03

+0.r6
-0.10
+0.32
+2.68
-0.03
-0.03

+0.31 +0.47r
-o.25 +0.171
-0.41 +0.423
-2.25 +0.354
-2.46 +0.404
-0.96 +0.80r

-0.67 +0.423
-0.04 :!0.404
-0.83 +0.80r

ResPoEses to SuFrPhosPhatc
r , AmouEt oI I I

I I superptros- I I

I l-phatel 'I notu-"t"a .. lo.s i*t. p.o.l + 1.62 | +o s5
I wi-bliEdoo ll.0cwt.P'Oil +0.49 | +0.46
I wiattiryton I 1.0 cwt. Pp.l +0.03 I -0.80

Fdr rneaa yields see Table X.
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ElJects ol duttg oa tlu raslottses ta artificials

Ihe- qleltjon nhether artilicials may be profitably applied
on land which is also being dunged has been atudied in s-everal
experiments, see Table XII on previous page. These show the
responses to sulphate of a.mmonia and minerals in the absence and in
the presence of dung.

With potatoes the responses to sulphate of ammonia were
increased in presence of dung in seven out of eight experirnents,
the increase being significant at Rothamsted in lOjS. These
increases are presumably due to the minerals contained in the duns.
since suJphate of ammonia produced no increase when appliel
without dung or minerals.

The responses to sulphate ofpotash were decreased by theaddition
of dulg in four experimeDts out of five, the decrease being signiiicant
at Wimblington in lg34 and 1935. In the remaining i4piriment,
pota-sh had no appreciable effect.

The response to sulrrphosphate was decreased in presence of
dung at Rothamsted in 1937, though not significanily. Af Wimbling-
ton h 1935, the response was uialtered] white i; tbe remainiig
experiment the effects of superphosphate were not significant. -

TABLE XIII
Rcs?on"tcs lo Anirtcials

Sugdr B.et Rools (lons ?./ aclc)
Responses to Sulphate of Aemonia (0.6 cwt. N)

Dung

1033
1934
1937
r9g7

1936
1936
1937
1937

Rotbanrsted . .

Rothamsted . .
\\'ragby
llarket RascD

Rothamsted . .

Rothamsted . .
11'obum

Gaiasborough
Wragby.wragby

r\Iarket Rasetr

Abs€nt
+0.15
+r.38
+1.89
+3.00

Present
+0.05
+ 1.83
+0.68
+2.28

Ditference
Pres. miBus

Abs.
-0.10r
+o.4.lt'
- l.2l
-0.72

Responses to }luriate oI Potash (1.0 clrt. K,O)

Responses to 5 ort. Supe4)hosphate + 3 cNt. 30% potash Satt

1936
1937
1937

-0.39
+0.?4
+ 1.48

+0.78
+ 0.98
+r.31

-0.25
+0.12
+o.74

-0.23
+o.67
+r.30
+0.68

+0.14
-0.6,
-o.74

- t.0l
-0.41
-0.0r
- l.6t

S.E. oI diflercnces e) +0.6?4. {.) +0.6A6.

With sugar beet roots the responses to sulphate of ammonia
were not signi{icantly affected by the addition ofdung in any of the
three experiments in which sulphare of ammonia produced-a clear
re_sponse in roots. The reslrcnses to muriare of pritash were some-
what decreased b-y dung in two experiments; in the third, potash
produced small but not significant depressions in yield both in
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pres€nce and absence of drmg. In the firrther experiments containing
minerals (superphosphate and potash salt), the req)onses to
minerals were slightly decreased by the addition oI dung.

TABLE XTV
Kab llots Pcr aarcl

Wobur! 1932
Sulphate oI ammonia :

0.2 I 0.4
N
0.8

Woburtr 1036
Sulphate of afinloDia
0.4c*'t. Nr 0,8c\rt. N

No duag
Dung
Standard

13.29
19.10

t7.76
2t.24

24.36
28.74

t0.t4
t3.t4

I3.87
15.49

i 8E.7
86.1

19.67
23.67

+0.7r3 +0.357
With kale, the responses to sulphate o{ ammonia were smaller

in presence of dung in both experiments, though not significantly so-

TABLE XV
ndrit*ral clJctJs of Dttg on ,fu */cc.qrir.g crop (cat- p./ acr.)

Dung
applied to of dune Succeediag crop

Mean
yield

Itrcrease Ior
duDg

Potatoes
Potatoes
Potatoes

! 916
t920
1936

totrs
t0
t5
l5

Wheat grain
Wheat graiD
Spring oats greitr

I1.9
l?.8

+2.4
+ 3.6
+2.7

Kale
Kale

1932
1936

l5
I5

Barley total produce
Barley graiD

95.1
r2.0

+ 12.2
+2.2

Barley I9JI l{ Clover l92I Breen weigbt
Clover Ig22 hay
Clover 1923 hay

9.2
45.5
13.0

+6.?
+8.9
+2.3

The residual ef{ects are striking. Drmg applied to potatoes or
kale increased the succeeding cereal crops by bver 2 cwt. grain per
acre in every case. In an qrperiment in which dung was applied
to barley, clover sown under the barley conthued to betrefit fiom the
dxng for at least three seasons, the green weights being doubled by
the dung in the first season.

POULTRY MANI'RE
The consignments of dried poultry rnanure for the 193$36

exFriments were obtained from SuIfolk, but for the 1937 experi-
ments the supply was from Ha.mpshire : the percentages oI nitrogen,
phosphoric acid and potash were verv similar :-

in dried
K,o I

35.3
3..13

t036
1837

Percentage
Pro. Ash I Dry

i mattar

t.70
I.76

In the first th.ree years in which the manures were applied the
porrltry manure wa.s distinctly inferior to the sulphate of ammonia-
The direcl elfect oI poultry manure, based on 29 experiments, only
amounted to 64 per cent. of the direct effect of sulphate oI ammonii.
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In 1036 the figrre was 7l per cent. as the mean of 14 experiments:
8 cwt. tlried poultry manure has thus about the sami I'alue as
I cwt- sulphate of ammonia.

The percentage increases in yield over the plots without nitrogen
in 1937 are shown in Table X\{I.

TABLE XVI
Cofl?aison of D;?ed Elfects

Percentege Increase over no Nittogetr

Crop

Meatr
Meatr of 14 First Year

experimetrLs 1036
MeaD o{ 20 First Yeai

e4)eri8etrts, 10C3-35 ..

DiifereDce poult y
matrure as agaitrst

sulphate of ammoda

-22
-4

-47
-54+28

+65

+35

+25

+35

+25

+16

-20
-t0
-9

The residual effects of poultry manure were small and not
statistically signi{icant, but their existence could be inferred from
the fact that the marked superiority of sulphate o{ ammonia over
poultry manue in the year of application was reduced and irt several
experiments rsversed when the dressings were repeated year after
year.

In three out of seven cumu.lative experinents in 1937, the
advantage is with poultry manure, whereas in the first year elfects
only one out of five experiments went in this direction. Neverthe-
less poultry manure has not done so well in the cumulative experi-
ments of 1937 as in those oI 1936, when 6 out of 7 trials showed an
advautage of pouhy manure over sulphate of ammonia. This
result may be due in part to the excessive leaching that the land
suffered during the winter of 1936-7.

The 1937 results are shom in Table XVII.
TABLE XVII

Cumtaldi!. EfJ.4s

Crop

Percentage fncrease over no Nitrogea

Sulphate
of

ammonia

Poultry Dilference poultry
matrure as against

sulphate of amEoaia

+r8

+19
+ 128
+23

+r3

+9
+66
+8

+85
+37

-9+32
- tl
-63+14
-0+t0

Meatr +37 -5

+58 +36+rr +7
+ 76 +r9+8r ) +27+47 I +7s

Sulphate
of

ammonia

Poultry
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Reviewine the whole of the e:rperiments it appears that poultry
manure is ndt uniformly better than sulphate of ammonia in, the
cumulative series, but it ap,proaches sulphate of ammonia closer
than in the series testing fiist year effects. Kale appears to be a
narticula.rlv unsuitable ciop for'poultry manure. while the only two
iabbage dops grown in l'937 showed a significant superiority o{
poultry manure over sulphate ol arunonla.

ARABLE CROPS
SUGAR BEET

Each vear since 193:l the Rothamsted staff has co-operated with
what hainow become the Committee on Research and Education
of the Sugar Commission in carrying out exPerimen-t-s on the manur-
ing and c-ultivation o{ sugar beet at Rothamsted, Wobum and on a
nrimber oI representative sugar beet growers' farms.

Durirg ttie first three ye-ars 1933, 1934 and 1935, the responses

to fertilzErs were comparitively small. The summers were hot and
d-rv. and aDDarentlv pi-ovided little opportunity for the phosPhate
an"d ootash to exertiheir full effects. Nitrogen was the only fertilizer
to iGtifv itself in the average ir these yeais, and the single dose of
rroiash iime next in order oi ef{ectiveness. ln 1936, however, there
ivere sood lesDonses to all nutrients and especially to Phosphate;
the re"sults or6vided us with our first favoruable opportunity for
relatins field resDonses to chemical analvsis of tbe soils. In 1937 the
resoonies to nitrisen and phosphate weie less tban in 1936, but the
resirlts from potasir were the beit so far recorded.

T-ire meai insease to the three nutrients in terms of sugar per

acre are shown in Table XVIII.

TABLE XVIII
M.ar. Rcslorrsrs to N ri.nts in Sitryt attd DotbL D'cssi'gs' lg33.l937

' Sugat ldal. P., a.1c)

r933
t934
1935
1936
1937

17.4
32.1
36.6
40.3

+rol
+0.4 t

+3.01
1.9

+0.8
+1.4
+0.8
+r.2
+ r.5

+0.4
+0.9
+ 1.9

r Mean
No. oll leld oI
expts.l roots

MeaD
yield

oI sutar

11.5
13.5
9.5

10.4
tl.8

l3
l5

26
30

Sulphate. ol
Smrltoala

2 cwt. I cwt.

Superphos-
phate

3 c${. 6 c,wt.

+o.3
+0.4
+0.1
+r.g
+1.6 2.8

The quantity of sugar per acre required at January 1938 prices

to pay Ior the expenditure on lertilizers is as follows :-
cr*t. I C n. Pc' ar"
2 SulPhate of ammoda I l14 ',, ,, .. I 2.1
3 SuPerphosPhate . I Il
6 ',, .. I 2.1

l l lturiate of Potash I l 0
2i .. I r.o

So far as the experiments have at Present gone the fertilizer results
may be summarised as follows :-

Muriate o{
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(l) Nitrogen is almost always profitable on the averase to the
€xtent of 4 cwt. sulphate of ammbnii per acre except on rich'silts and
tens.

TABLE XIX
_ EIfect oJ Nirrcgcno,ls Fcn;rizc?s o, DilJcrc* Soik
trcrcLscs (+l ol Dccr.ascs (_l in Si.gd;' Gur. ?ra a.r4

Sulphate o{ Coarse
saads

+8.3
+ r r.6

+6.r
+7.1

Heavy
loams

+4.9
+9.2

+3.4
+1.5

CIay
loams

Light
loams

Fitre
satrds

+4.4
+5.9

+3.0
+4.3

1

2
4

+4.0
+5.6

+2.9
+5.4

+7.0
+9.9

+ 4.7
+6.6

+3.r
+0.8

+0.6
-2.A

It aLnost invariably reduces the sugar content but this loss is moretnan compensated by ircreased yieid.

TABLE XX

1933
1934
1935
1936
t937

The. .effectiv_eness of nitrogen on the yield of sugar per acre(Table XVIII) falls off as th; dressing incriases from 2"cwt.'sulohate
or.anunonta per ac-re 10 4 cwt- On the tops, however, the effict ofnrtrogen ls so narkd. that there is no sign of {alling ofl even wheu
4 cq.t. sulphate oI ammonia is given.

TABLE XXI
Ellctj of lncr?osing Dr.ssi*gs oI Sutpha!2 ol Ammania on Tobs ttort: b?t dt,p\

tncaeete dt to Sulphate oI Arnmo ia
No. of
expts.

trIean
yield

2 cwt. 4 cEt.

+2.8
+2.6
+3.4
+3.0

1934
t935
r936
1937

tt
20
l8
24

10.9
8.1
8.4
0.4

+1.2
+r.3
+1.8
+r.5

(2) Phosphate varies in its effect from centre to centre alld from
season_to season. Table XXII shows that the smaller do"" oii 

""t.superphosphate per acre was profitabt" on ttre a.rerale J;[;;"i;;rn 1936. and.1937, whi le the double dose *.. pio?iiJf.-o".i' 
"ficentre-s in 1936 only. The sugar content is practiiallv unaif*i;d ;;pnosphater but the rate of growth of the youag plant seems to tDenelrted ln miury cases. Up to the present ba_sii slag has be€n no

Detter tban superphosphate even on acid soils, rather thi reverse_ The

EIIect oJ Slqhat oj Arnnonio on Szgal Contcnt

Eflect of sulphate of amaonia

r936

1937

Meatr sugar
percetrtage

14.2
17.7
10.9
t7.a
17.3

-0.3
-0.2
-0.2
- 0.1

0.1

-o.l
-0.6
- 0.2

-0.3
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effect of phosphate on toPS is in the same direction as on roots but
somewhat smaller.

TABLE XXII
Ellect ol Phos?hatic Fertiliz.rs ol Diffacat Soils

Iureaies (*) ot Decteases l-) itu S gar laol. ?er a.re)

Superphos-
phate

Coarse
satrds

Heavy
loams

Clay
loams

Light
loams

Fine
sa11ds

6
3
6

+4.3
+0.5
+ 1.0

+2.3
+4.2
+1.2
+ 1.5

+r.3
+2.7
+ 0.7
+ 1.4

+3.0
+3.7
+2.6
+2.9

+0.6
+1.2
+0.5
+2.3

+1.2
+0.2

+r.0

(3) Potash had generally worked well on the lighter soils and on
the fens : it had much lesseffect on the heal1r loams and on the clays.

TABLE XXIII
EfJect ol Potatsic Ferrilizers on Differdrt Soils

Irrcrcases (+l dnil D.creds.s (-) in Sr.gar (cut. Pcr acr.l
ear I Muriatc

I of potash
Coarse
sands

FiDe
sands

Light
loams loams loams

1036

1037

ll
2L
t+

+ r.8
+3.8
+2.6
+4.0

+2.8
+1.1
+ r.7
+3.4

+0.3
+ 1.5
+ t.4
+2.1

+0.2
-1.2+1.8
+0.7

0.0

- 1.4
+0.6
+ r.l

+ 2.1
+4.2
+r.0

It almost always improves the sugar content.

TABLE XXIV
Elfcct of Mwiar, oJ Polosh on S*gar Contefi

Incredse l+) o, Decrcetc (-l Pd ccn -

Mean sugar
p€rceDtage

+o.2
+0.2
+0.2

No potash
present

Heavy I Ctay

Muriate of potash cwt.

2+

t833
r934
t935
1036
1837

Potash also has the valuable property o{ bringing out the best
lue of nitrogenous mam[es; the ioint action of nitrogen and

potash has usually been greater than the sum of their separate
effects.

TABLE XXV
Effcct of Pot^sh on th. Action oJ Nibogantrus Matttrc. Sugar (col. p.r bcrr)

Incrcos. Au. b 4 clrl. SulPhatc of A n onia
2i cwt. lnuriate of

potash presetrt

1034
1935
1936
t93?

+4.r
+3.?
+8.5

1936

1937

16.2
17.7
16.0
r7.6
17.3
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Potash also increases the tops, but to a less extent than the roots.
The effect of fertilizers on plant number per acre is somewhat

variable but tends to be favourable: the ma$litude of the effects,
however, is usually small.

Year

Meao
thousatrds

P€r acre

Sulphate oI
ammonia

Superphosphate trIuriate of
potash

2 cu.t. 3 cla-t. 6 c{.t. I l clrt. 2i cwt.

1933
1934
1935
t936
t937

22.8
27.4
25.7
25.9
28.3

+0.3
+o.2
+0.4
+0.2
+0.3

+ o.l
+0.3

0.0
+0.3

+0.5
0.0

+0.2
+0.4
+0.5

+0.r
0.0

+0.6
+0.3

+0.4
+0.2
+0.2
+0.t
+0.4

+o.z
+0.1
+0.3
+0.7

No clear relationships have yet been Iound between fertilizers
and the pudty of the juice.

Mctlwls of a|flying,nineral ,notures lo sugdr bert. Ex?eriments
to compare several methods of applying mineral manures to sugar
beet were carried out at five centres in 1936 and six cenrres in 1937.
The treatments consisted of no minerals, minerals ploughed in or
broadcast during December or January, and minerals broadcast in
spring, shortly before sowing. Though minerals increased the yields
at ten of the eleven centres, none of the three methods of appliaation
proved consistently superior to the others. The onty significant
differences occurred in both years on a sandy loa"m soil at East Ktkby,
where winter applications proved superior to the spring applicatioi.

TABLE XXVI
Elfe.t oJ Fenilit.ts or? Plarr, Nurnbers

Inarcase, tho*sands ?cr acrc iluc to

TABLE XXVII
Elfcct of Tirr. and Mrthot ol Applfing Minqals

Stge. Ca,l. ?er adc

Min.raL I M.e o(
PUr Br/F Br/i I mi!.rd.

-_ 
1136 E*6 E p*i."",.

a6.O 46-8 _46.0 I 
't6-3a6.a $,9 {6,2 I a6.1

60.? 58.1 5?-8 I 68.6
31.1 at:t $.7 I 36.231t A?-a 33-7 | 36-266.8 66,E, 68.e I 6?,4

Br/E ..Er

42.2
l.6.0
59.2
25.1
62.1

12.4
63.3
11.$
34-3
38.?
19.1

-0.8 0.9et
+0,a 0.970
+1.6 2,0,
-3.0. 1.250.0 1.37

46.4 lr -3.7 ,.33
56.1 ll -t.B r-66.0.6 ll +0.7 r.66
a0.4 Il -1.4 r a3
a7.6 ll -o.r r-7s
63.0 ll +o-4 2.u6

+0,4
-0.1+1.r
+2.2'
-1.8

13.7 ]l7t {a.t
6,4,8 60.6 67.060.3 a9.6 19.039.1 40.6 a0.0t8.7 48.8 45.06.I.0 53.6 51.3

-2.5 '.02-1.3 l.'t8
+1.0 1.36

-0.8 t.29
+3.8' 1.'I9
+r.6 1.79

(r) Mileral! haiioved iu. . Sisrifjdt dif.r.Dce.
Pu*-wid.rploogbed. B4r-Wiot.rbi@d6t. BrF-spriuabrdd6t.

Minerals at all centres : superphosphate plus muriate oI potash,
except Rothamsted and Wobum: salt plus mudate o{ potash.
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THE FERTILTZER EFFECIS OF SALT

l. Stsar bed. Experiments on the manurial value of salt inve
u."i'.ioi?ir"o ,."ir,ly'to t"g"t beet: two, however' were made on

celery and two on mangolds. ''- i'ir"-i"-.Ji" ri ro eircriments in which salt was comPared with

-*1ii"'.ii.,^u L" 
"t 

"-^ in Tahle XXVIII' In I0 of these

ocreriments the comparrson was made on an equivalent cbloride

ilfi.;Ii,L;.t"!.,it satt varving trom l'o to 2'5cwt' P"l1T,:T1
oio"iasf, ttom 1.2-to 3.0 cwt. per acre' Salt Proved conslstently ltre

ii"ii7r".ii"", it" average reiponse to I cwt' being 0'47 tons- roots'

;;il;ii;;;-;;;f,i,g &""'i'ig 't l 2 cwt' muriaie of Po.tash save

#"";;.s;;;-6;;'of"0.33 toni roots' Apart from this dil{erence'

the effects of the two mrnerats were geneially sirnilar ; where one

i"* " S*a ,".P""se, the other did likewise'

TABLE XXVIII
Sugar Bc.t : Roors

s.E

+0,112
t0.36'
+0,18,

+0.08r

+ryu+0.1,
+0.67

+0.r4
+0.1?
+0.?l
+1.64

15.36
10.3E
8.rl

lil,66

5.80

1.7
1.6

1.7
1.'
,.0
,.0

1.6

,.0

1.6
,.0
!.0
1.E

I
1
1

l.'t
3,9

t.4
1.0
1.6
1.8

1.1

1.5

1.3
5.0
,.6
1.6

5

t
6
6

ttro

lr30

salt I of

7,42
0.?3

7.L
t.t7

la.01
rl.ll
1!.11

5.03

+o.rE
+0.0!

+0.r7
+0.6,
+0.11
+1.77

+0.13

+0.61

+0.!9
+0.11
+1.51.+1.1,

+t.71

+1.04

+1.10
+0.61

+o:,
+0-69
+1,!r5

-0.0c
+0.5E

+0.88+T'
+r.6,
+r.38

+0.!E

+1.t8
+0.05

ro!l
193'

te3!t

19r5

1r96

103?

14.Ea

11.08
10.06

-0.t6
+0.22

+0.71
-0.18+0.96
+0.67

+0.8E

-0.18
+0.11
+1.11

*ol'

+0J70
*1.1,
+o.ne
+0.740

*0.:,

:

In five of tbe remaining six experiments in the tab]e' tbe dressing

ot 
".it 

*"t s cwt' per acr-e, *n",*1:IEHS?.":r$fHTi[
ir.-ri-i t.3 cwt. to compare equivalent dressings o{ the mt-n€rals
'#'ii iu!."",iir'irrti*i. ^'isut 

bi ,n{avourable to salt' since large

drEti"*. "il r"ttilizer frduentlv prove less effective -Per 
tnit of

InJr'#?u# tn "-.-.it 
a.oii"gt' 'Ai ri"coln (1934) Eeither dressing

;;';iffi;;' Brih minerali produced sitnificant 
. 
increases .n

*,r*lm:t"l'"Hl'fl hHih'J.s iii'ff #,Iff i:l,!:;rt
lH$'"1'#',1',,il[ittl.:u:"1*'.5:*.'fi'*]x[1?',:i.:ilT":
*f.*:""T"i",',"dta' ti:'+^:ltl"Lll!: iffi "'xT,9'?:i!t'l!;Tili icti.r,,i"t'-".162-sl *ere 3 9 cwtlsalt and l'6 c$t' muriate

oi'potash. Salt gave the Iarger resPonse'
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. ,1|9 cggUinga dressing r*as not in general so effective as the
lllll"t 9,?"-9.. Where there was a clear response to minerals,rne sum o.l the responses to the indiyidual dresiines of salt and
1:l1l-,or, ptp.h was always greater than the re."sponse to the
combrned dressing.

, J3. "*p9l-9qt._do 
not provid.e suficient material to determine

wnerner satt ls chtelly a light land fertilzer, because all the exDeri_ments except those at_ Rothamsted were on light or sandy ;ils.
satt, however-, rnqeased yields in all five experiments at Rothimsted.r he contrast between the lgSZ results at Rothamsted and at Wobum
is striking, 

-salt giving good increases at n tna*"ila wU*e m,riit"oj, pota-sh had little effect, whereas with the same ar*r_oltwobum munate of potash was the more effective.

. Both.salt ard muriate of potash slightly, but fairlv consistentlv
increased the sugar percentage. In rh-e l0 experim"it. *iif, i*Jfi
apptrcatrons the equivalent dressings of tbe two minerals produced
exactly 

-tb^e 
same average increase in sugar Ixrcentage, 0.21 ior I cwt.salr or.r.z qlrt. muriate of potash. In the remaining exDeriments

Doth mlnerals produced substantial increases in sugar-perclent"se atLincoln and Mattersey, but at orher ce"tre, tlre;;?f*i";;;;;il;.
, 

-The factory series of sugar beet exp€rinents have shown that theaooruon ot murrate ol potash tends to increase the resDonse to su_[_pnare ol arunonta. Little information has yet been obtained on the
be,Lravioyr of. salt in this respect. Thr."' e*p";;;i;;;-.;il;
salt and munate of potash alone and in combilation with a nitro-
genous. fertilizer. fn no case, howel,er, was the response to nit.o"*
appreciably af{ected by the presence of either sa'li ;; ;;i;1"";i
potash.

.- -2. 94.rrl. Experiments on celery were carried out at MeDal(Isle of Ely) in t9B6 and 1936. tn tnu iirrt v.., G";;-*;;r;i;i;ff;
lncreases ln total prodxce of 0.49 tons per acre to E cwt. salt and ofu.r'u rons p€r acre-.to 3 c\it. muriate of potash. Both minerals alsoprod,yc9d. a srgrutrcant increase in the size oI heads. The latter
L:ilj, ]: ^flry*""t commercia[y, the heads being graded by sizewnen packed tor market.

$C Stf","t of salt was strikingly differeqt in 1986. Salt wasapplie4 in dry weather, six days &iore ptanting. -ni-i"UT"rf i#some time afterwards. The sali decrea.seh plant"rium;;;;;i;
39 ryr c:qj: and.yrelds_of iotal produ." by i6 p";;;i.- Su-ieffioJ-pnare usrbty mr]igated the salt damage, and to some uxi.ot tt i.
:119". ,. 1f9 rettected in the lelds of total produce. Under thisarne.coD([trons muriate of potash produced a imau but not sienifi_cant lncrease m total vield and a significant increase in siie ofheads.

3. Matgolls. The effects of salt on mangolds are summarisedon p. 43.

Mexcoros
The classical experiments on Barn{ield are made in the somewhatexceptional conditions oI continuous gr.\pth ;a;!;l;;;'!i;
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same land. Experiments under more normal conditions were made

; il H;;a;. ii"ta in tsSo *d on Great Knott field in 1937

il;lilA t*. i;;i; oi eaih of five different fertilizers were tested in
iu il"riiiiir.tii".. Thedeiign of the exPerur-rlnt wat iuch that each

eq)eriment involved only 32 plots' thus makint elicrent use oI rne

land available.'-- 
the iesdrc in the two years agreed well, and accorded with those

obtained on the Bamlield exPeriments.-""Th"-;; yi;tdt and aveiage resPonses in roots are shown in

Table XXIX

Mean yield
ReE)otrse to :-
Dune (10 totrs)
Sulpf,ate ot admonia (0.6 cwt. N)
Salt {5cwt.)
Muri;te oI 6ot4sh { I cwt. K 

'O)superphosihate (0.5 cvt. P,oJ .

Ma[golds roots: toas Per acre
lss8 1937

2t.40

+2.01
+4.05
+4.92
+0.74
+o.22

25.50

+ 4.2O
+7.73
+s.12
+0.22
-0.46

StaDdard e[or +0.675 +0.886

There were sood resDonses to nitrogen (dung and sulphate of

a*monial in bot"h years, the resPonses being higher in 1936 than ln
1937.---ii"t" ,r"t also a good req)onse to 5 cwt' salt in both -years'
,*ii.J"tfu *lbsz, ind this'is the more remarkable in that in
fi'.i, ""*Jtrr" ."Liage response to muriate of potash was small and

"oi 
.fo',iti."rt. Su$rphoiphate had tittle if any effect'"-'rii" 

"ir"" 
.r *t'"i( as a'general rule is oI couise well establi-+ed'

rt. e^frai irr inc.eioing the re"sponse to nitrotenous manure (sulphate

;i;;;;i;i was stirikinglv'demonstrated in the continuous ex-

ii"t ""ir.-/e;tiaa. 
tlire are iadications of this eff"lt ($9-31:9

5i"-"itiij-ti 
"rTJ "i 

iaitl io tt e pt"tent exPeriments, as Tabte XXX
shows.

TABLE XXX
Rook : lors ?et aa'

lg36

t037

Mineral Nlanures

Sirlphate oI ammonia None Pob^sh Salt
aDd salt

Notr€
0.6 cwt. N

22.55
26.56

18.67
28.00 30.16

23.03
32.76

Increase +4.01 +9.33 +7.85 +9.73

Notre
0.6 clpt. N

16.90
18.?8

t8.51
21.49

20.u
21.7t

1s.56
21.53

IDcrca.e . . + r.70 +2.98 +1.O7 +?.97

TABLE XXIX

In both vears me addition of either mudate of Potash. or salt in-

creased the- response to sulPhate of arnmonia, whlle the hrgnesr
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response was obtained in presence of both potash and sah. In I986
potash appeared the more effective in this iespect, while in fSSZ sali
was more e{fective,

The average e{fects of the trea.tmeuts on toDs were similarto those on roots.. The expriments also provide inflrm"iio, o" tl"questron whether it is worth while applying artificials if dung is being
used.

1936
DuDg Do_og

l$37

Response to

Sulphate oI ammoda
Salt
Standard error

+7.87 I +7.50 +5.80 I +4.1r+4.0e j +2.t6
+0.s66

+5.22 | +4.61
+0.970

. Both sulphate of ammonia and salt gave substantial increasesin the presen-ce of dung, although the incieases uere ;;;;;il;;
than those obtained in the absence of dune.
_ Experiments in conjunction with IIr. T. i. Bond at Oakerthorne
D€rby, in I932, 1933 and lg34 tested the ellects of dune. sulpb;doI ammonia and potash salt. The resuJts are .i;id'i;-ih;;;
oDtalned at Rothamsted.

TABLE XXXI
MaDgolds roots: tons per acre1032 | t933 I t934

19.56

+9.?6
+2.21
+6.82

In 1932 and lg34 the presence of potash salt increa.sed the re_

:I:]111,9. .ypn.,u. oI ammouia, agreeing in this respect with the
I(ottramsted experiments,

i +8.13(r)
+8.78*
+5.63

StandardeEor.. .-
* 1.2 cwt. N.

+0.354 +0.976 +0.856

RespoDses to sulphate oi aEntoEia
1932 1933 ls31

Potash salt Potash salt Potash salt

Present Absent PreseDt AbseDt Prescat

*7.27 | 419-27
+0.498

+t.8r-l-- +l.o3ll +0.081 +s.41+t.38 ll + l.2r

t- 193_2, 2.4 cwt. KrO., 1939, 0.9 cwt, KtO., 1034, I.2 cwt. K,O.(r) s.E.- ag.as.

There 
-were large responses to dung and potash salt in all theeyears. .the double dressing of ammonia ga:ve a good resDonse in

1932, while the single dressirigs in Iggs 
""J 

fSt;r? no*t .;'Jti;iil:

Present

Mean leld
RespoDse to :-
DuDg (15 toEs) ,. ..
Sulpbate ofanorEonia (0-6 cwt. N)
30% Potashsdtt .. ..
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t93' 933

Dung Dung Dung

Absent Present -^.bsent Present Absent Present

RespoDse to :

Sulphateof
arnmoara

Potash salt
+ r r.74!
+6.r8!

+5.79r
+5.08r

+2.24
+4.90

+0.56
+2.14

+3.02
+9.26

+r.39
+4.38

+0.690
+0.498

+ r.38 +0.856(r) +0.
(') +0.

TABLE XXXII

Kr K'

As in the Rothamsted experiments both sulPhate- of arnmonia
and ootash salt Droduced ircreases in the presence ol dung' whlte
in th'e absence of'dung larger (in some cases considerably larger)

increases were obtained.

PorAToEs
For the Dast thirteen vears experiments on the manuring ol

rntatoes havi been made at Rothamlted and Woburn and on potato
[o*i"e f;;. i" different parts of the country: some of the recent

iesults-are collected in Table XXXll.

1934

MINERTiL SOILs

Lkht (r e:Dt.) ..
M.dium {r.tPt.)
H..vy (l *pts.)..

H..vy(lcrpt.)..
EENI"AND SOII.S

Ltht (6 .tPt!.) ..
H?ev, (5 .rpt!.) . .

+0.0!
+0.86
-0.08

+0.!a
+0.r1
-0.10

+2.67
+0.46

+1-66

I Dldrin6 rr acte:-' N---'lr'.o i',t"late of @onia (0,3 ctt. drro€to).
nl=iiJ i"t"Latc o aro@ia (0.0cPt dtrosED)

E: : lHl !:'*..f"*iB:?:', I :i""-fi,6':, :)
k'. = ti wt. iuol.t.'ot p"tsb (0 ?6 cf,!: E'o).-ii:s'c-t utplate ot p-otash (i 6 cEt xto)'

Thev show tbat one dose of the fertitizer usually- gives a good

.".rilt 
".,en 

when {armvard manure is also suPP[ed but tne douDle

dose mav not give a sufficiently greater increase to pa] 
'or 

the extra
i-""*".' Nit'-*"" (sulphate 6f ammonia) has givel- the. most

consistent increies both on mineral and on fenland sorls' n'hether

il#;;da;-;;ot. Phosphate and Potash have giv.en rrarked
incriases on feuland soils, greater indeed than on tbe mrDeral solrs'

]lairr Crob Polalots. Summary ol E,prinetk lg32'371- - 
Meaa,'Yichts ad Meatt hitioscs, Tots pcr Atr'

1r.34
t9.E7
11.60

6.0E
11.55
1r.07

0.16
11.00

8.0c
tE.4t

*1,

.9

+1.

11.81
72.25
10.61

7.16
10.86
10.14

7.01
r0.lt

8.0E
1 .73

,r.a,

11.49

6.06
,.t2
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The results thus resernble those for sugar beet in that the eflects
of phosphatic and potassic manures vary considerably from soil to
soil: attempts are being made in the Chemical Department to find
some chemical method of ascertaining beforehand whether the soil
is or is not lil<ely to respond. This is well illustrated by the following
pair of results obtained in our "3 x 3 x 3" experiments, one obtained
on a light, the other on a heary Ien soil; both soils responded to
nitrogenous Iertilizer; the light soil responded to potash but not
to phosphate while the heaqr soil responded to phosphate but not
to potash.

TABLE XXXIII
EfJec, of Phosphate

Yi.E\,loa fu @. L0.351
Heaa.y Soil (Little DowDhm,1934)

Malked respo@

YkAi, t6 d d. *o.s70
Lisht soil {Thomey, r93{)

No rspoe

0
4+

10.0
13.8
14.8

12.3
15.8
16,7

16.8
18.4

77.1
15.5
16.6

5.5
8.6

7,L
8.4
1.3

9.3
9.1
8.$

7.6
7.7
4.2

t!.9 16.0 14.6
6.8 7.6 9.1 7.8

TABLE XXXIV
Effect of Pottrsh

Y*Ar, t6 ld @. +0.354
H@l.y Soil (Little Dom.h@, 1934)

No lesponse

7'it!dt,l^ Fr @. LO.97O
I+ht soil (Thom€y, r931)

CI@r respon*

u
72.4
73_2
13.1

l:1.5
15.4
1i.o

1i.8
16.0
16..1

74.2
14,8
l!t,8

5.0
?.9
t'.5

5.9 9.5
4.1
9,5

8.1
8.6

12.9 11.9 16.0 14.6 z.r I g.r t.8

The contrast is shown perhaps more clearly in Table XXXV
when all levels- of nitrogen are grouped togeLher so as lo show onty
the potash and phosphate effects:-

Healy r93.1)
Yt ds,t@ P.tkt +
Lighr soil (Thotuy,

Pot6h repotr*

0
1l
a

11.3
I2.l
11.8

14.8
16.0
I5_6

16.5
16.4
17.1

t1.2
14.3
14.8

7,0

7_8

6.t
8.1
8.4

6.9

9.6

6.8
8.1
s.6

11.7 1i.6
;.i s.2

Ir.teractiofts- It not infrequently happens that a fertilizer acts
better in presence of another than when iais used alone. Occasion-
ally the reinlorcement is very pronounced as in the lollowine
experiments on polaloes at ThorDey, Isle of EIy, in lg33:-

TABLE XXXV
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TABLE XXXVI

47

Additiotr given by sul-
phate of amDo[ia, tons

per acre

0.43
0.4t

toas per

{.001.05
o.41

1.12
r.86

3940
2S
ll

55
35
20

Addition givetr by sul-
pbate oI arrmonia, toas

Per acle

0.00
l0.l?

I4.52
l4.l I

Nitrogea and
Potash

iDteractiod

Nitrogen aod
phoq)hate
interaction

with
phospbatic
fertilizir

Phosphate and
Potash

interactioo

The figures in the upper line are in presence of larmyard manure :

those in the lo\yer line in absence of Iarmyard manure.
The total number of interactions of this kind obtahed up to

the present (f925-f937 inclusive) is shown in Table XXXVII.

Total auaber oI experi-
ments . .

Positive interactious
No interactioE or tregative

Most of the interactions, howwer, are not statistically si8Eificant
but all significant results are positive.

Tha fuo|ortiott of uare. W. Garner has recently collected all
the results relating to the percentage of ware and fin<ls that fertilizers
have a very marked effect in raising the proportion of ware in cases
where the percentage rvithout manure is low, but not where it is
high.

TABLE XXXVIII
Perentrdg. lvarc

Mcdn Elfcds of Nti/ients dnil O/ganic Monscs GtotP.il ecotding to Inilial
Pe/aektage Wa/c

Idtial pelcentage

(tro maDuie)

Itrcrease due to
Total
expts.\ P x lo.sa"icl Dung NPK

Over 90
80
70
60
50

Under 50

-0.4+r.2
+2.6
+0.7

+ 18.8

- l.l
- t.l+3.6
+6.8
+s.g

+0.6
I +r.5
| +e.z
| +8.4
l+ I5.8
l+20.3

-0.3
+o.7
- 1.0
+2J

+6.5
+ r5.9
+25.9
+t1.2

+l.o
+4.4+rr:

I
34

99
I

\\reighted meaD +2.0 +2.1 +7.8 I+r.e l+r5.3 +6I 1r3

KALE
Marro\ stem kale is one of the most useful of fodder crops and

one of the best converters of cheap lertilizer nitrogeu ioto valuable

TABLE XXXVII
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protein food for animals. Numerous experiments on the manurins
of kale have been recorded in previous- Reports : for convenienci
they are collected in Table XXXIX : they show that responses con-
tinue even up to 6 crvt. fertilizer per acre and whether dung is given
or not. One of the experiments (Woburn lg32) shows tbat t dreasing
of l5 tons of dung had about the same effect as 2 cwt. sulphate o-f
:unmoma per acre.

TABLE XXXIX
ElJocl oI Nirrogcnoas Fcnili.crs on KaL

No
Ioctle, toc pcr acret

1 3 5

ROTHAI
1932 r
ro33 I

reao I

ISTED
lr.6

L e-o
I u.i

2.8

1.6 ,.,1

0.51
0.39
0,65

Sdpbate of dmonia
Sulphat. ol abboEi.
Sulplate ot umoli.

1936

18.3
r3.3
19.2
8.'

1.5
,.0

1.3
€.t
4.6
,_0

lr.1
9.6
6.4

0,0,
l.0l
1.01
0.66

Sutph.t. of .6Doni.
Solplate ot @ooai.
Sutpbat. ol alM. (3).
Sulph.re oI @ooi.

IDLAND COLL.

,r, ll 16!
re ll tg-a
r$i ll 27.5
1931 ll !0 ?
ro35 ll 33.
ra36 ll io-l

9.9 3.8
1.0

5.4
2.1
1.3
,,8

7,1
3.E

8.t
4.6
4.0
6.7

0.95
0.81
l.to
1.16
1.61

Nirrdhe& i3i.
Nitr@barl i3i.
riirrctdr iij.

5.2 4.0 i.9 0.6? Sulph.te ol umoni.

wlNCITESTER
1933 tr.l 0.3 -1,6 0.61 Sulplate ol tu@ir

(r) -Tt b!.di!gs r, ,, 3, .tc.r r.t r ro rh. lreb.r of cfi. Fr &rc ot aii'osEoo! fqiiliars
. (r) Oller plot3.r.cciv.d r€-FctiEIy l0 ald 16 sr. per a.r. 3utpbare ot a!u@i. dd sav.rBr..Es owr !o Eiko3lD ol r.6 ed ,.6 tds Der eE.

(3) All plots reived f.turald rDaur..

TABLE XL
Kalz lrors pd a.re)

No sulphate

of aEDoaia

Sulphate oI aEmonia

16 totrs duEg .. ..
IDcrease lo! sulphate

of a.Emoaia (tro
duDg) ..

Further hcrease ,or l5
toDs IarDyard
ttrtnure

t 7.8
21,2

4.6

3.4

19.7

6.4

4.0

24.1
24.7

I l.l

1.3

No Iarmyard manure is giyen except where stated.

I c$t. 2 crt.
13.3
19.2
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Brexs
Field beans have not formed the subject of nrany experiments

and yet they have considerable value as fodder. Durilg tbe Pa-st
four'vears (f93+f$7) several manuring exlrriments have been
made] and i:n them wlre included comfiriso'ns of narrow and of
wide spacing respectively.

The eflects oI the fertilizer treatments are shown in Table XLII :

the summary is shovn in Table XLI.

TABLE XLI
Beaas gair (cul. ?ca ocacl

Res?onses to lrealmcrrls

I934
1935
1936
1931

+r.00)
+5.6e)
-0.1+2.0

+l.r
+t.2
-2.2(t)+0.4

+0.5
+2.7 (rl
-0.3
+2.4

-2.0+0.3
+3.3{r)

+0.91
+ 1.20
+0.8r
+ 1.3{

18.7
2t.0
16.8
29.0

(r) SignificaDt effect.

In 1936 the ffoP was weedy and the yielils n'ere poor----only
16 to 18 cvt. grain per acre, There were no treatmeot effects ex€ePt
a signilicant deprelsion oI yield on plots receiving nitrochalk,
which malz have been due to a stimulation of the weeds.

In each of the other years dung has given arr increased yieid,
though only in 1935 was the effect large. Nitrochatk has had little
effeci in the other years, while potash gave increases iE 1935 and
1937, and superphosphate increased the yield in 1937.

The results suggest that the bean crop is not very responsive
to fertilizers. WEle Iarmyard manure has Siven increases there
seems no reason to invoke any special action beyond what is due to
the nutrients present.

The narrow spacing (lGl8 ins.) Proved superior to the wide
spacing (24 ins.) in both years (1935 and f937) in which it was
tested, giving increases of 2.8 cwt. in 1935 and 7.7 cwt. in 1937.
The mean yield on the 1936 sPacing exPeriment was only 14.8 c\at. ;
the yields with the three spacints were :

. , 16.4 cwt.

.. 14.8 cvrt.

. . 14.2 cwt.

8 ins. ..
16 ins. .. ..
24 ins. ..

small differences, but in the same direction as above.

The narrow spacing might have been suPPosed more responsive
to manures than the v/ide, on account of extra demand lor nutrients :
the results, howwer, tend rather in the oPPosite direction. The
responses in cwt, per acre to treatments at the trvo spacings were :

D

\itro- l\Iuriate Super- | StaDdard
cbalk I oI potash lpbosphat I cEor

(0.4 c*t. | (r c*.t. | (0.6 c*t. I

per aire) lperacre) lperacre)

Dutrg
(10 tons
per acre)

Year
lllean
yield
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Response to 16 ins. 24 iDs.

+2.5
-0.4
+1.8
+2.7

+1.4

+3.1
+3.8

+ 1.89

The standard errors per cent. per plot ranged from 10.3 to 18.4.
Beans have proved more variable than most Iarm crops in our
experiments.

TABLE XLII
Ellcct ol vatkn$ MMLres th. f-i.td al B.ans l@t. ,.t an.)- Rothatut..t t931-193i

POSSIBLE NEW CROPS: SOYA BEANS AND MAIZE
In 1934 experiments on the possibility of finding varieties of

maize and soya. beans suited to this coultry were begun at Rotham-
sted and Woburn by Prof. W Southworth, who had been very
successful in similar work at the Manitoba Agricultural College.

MerzB

Seed of Manitoba Flint and Manalta were obtained from the
Manitoba Agricultural College where they originated and sowrr both
at Rothamsted and Wobum in the spring of 1934. The season was
hot and sunny. The seed ripened well and was saved for 1935.
This season also was suftciently good to allow of ripening and by
this time it was clear that Maralta was in our conditions earlier
than Manitoba Flint. The latter, therefore, was discarded.

1936 was cloudy and wet; dudng July and September, tx,o
important months for both maize and soya bears, there were no
less than 152 hours less sunshine than the normal; seeding was,
therefore, not good. 1937 was better and at Woburn we obtained a
good crop of well ripened Manalta seed.

Itleanwhile two varieties of sweet com, Golden Bantam, from
the Manitoba Agricultural College, and Dorinni from the Central
Experiment Farm, Ottawa. were trown at Rothamsted in 1935.
The {ormer proved less suitable and was, therefore, discarded. The
two varieties had been grown side by side and cross pollination took

+3.8 I +7.40.0 I +2.4
-0.4 j +5.8
- 3.0 I -0.9

Dritl

DI D1 \, I{,

193,r I 17 9

1936 I 16.8

I

1rB! I r3.4
rr35 LL4
r9i6 I 31.2
r93? | ,9.4

18.9
,3.6
t6.8
30.0

14.6
3t.2u.i
32.O

?

=

20.1
17.9
28,8

lir.0
25.1
32.0
30.5

:
,:

19.3
27.6
76.7

1i.3
27.i,
33.8
30.9

zzo
16.6
27.4

25.1
g2.a
25.5

zo,o
16.0
30.7

31.9

18.7
19.6
16.9
27 -A

15.2
21.9
32.0
29.1

=
,:

19.:1
22.4
16.6
30.2

15.3
27.7
33_8

22.1

,ei
312

19.6

zsi

,li
zt-z

0.u7
0.846
0.430
o.917

0.649
0.89'

Dr:lI toE103!1,10 toas 1935-1937. Nr:0.4 cwt. Nit.og!!. Kl:1.0cpt. XiO. P1:0.6 cwt. PrO. perere.
Dr, N,, Kr, appuerio;s doubte D,, N,;Kr- Nirrow drill 16 iDcr iir t0i?.
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place. The resulting seed \ivas, therefore, no longer the pure Dorinni
but a back cross, Golden Baltam having been one of the parents of
Dorinni. This new strair, which we call Rothamsted Sweet Com,
is now being grown under a variety of conditions.

SoYA BEANS

In the spring of 1934 two varieties were planted, Manitoba
Brown and Mandarin; the former being a semi-dwarf, early
maturing, browa-seeded variety, developed at the Manitoba
Agricultural College, while the latter is a medium sized rariety
with yellow seeds, much later in maturing.

Manitoba Brown ripened satis{actorily but Mandarin did not.
It was, therefore, discarded.

In 1935 three other varieties were sowrr in addition to Manitoba
Brown, namely, The Jap, an early maturing dwarf plant with pale
green seeds; J. Yellow, a late maturing plant v.ith yellow seeds;
and Black, a medium sized plant with black seed coming later than
Manitoba Brown. Frosts in the middle of May severely checked all
four varieties but the plants recovered later and gave a fair yield.
Manitoba Brown and Jap came out best, Iollowed by Black but
J. Ye11ow was too late to ripen properly. At Woburn also Manitoba
Brown did we1l.

In 1936 at Rothamsted a tr[ay frost again checked the plants
and a severe hail storm on June 2-lst did riuch damage. Th6 yield
of seed was small, nevertheless the maturity was good, At Wobum
the plants sulfered from rabbits, hares and birds.

In 1937 some more varieties were received from the Manitoba
Agricultural College, one of which, Tokio, is promisiag both in
yield and early matudty; the seed is dark but it may be possible
to remedy this by suitable hybridisation and selection.

Prof. Southworth has now more assistance than before and has
been able to comnence more intensive study of the morphological
and physiological characters oI soya bean and he is trying to obtain
new varieties better suited to our conditions than the existiag sorts.
We have been fortunate in securing the help of a collaborator in
South Africa who plants the seeds during our winter and retums
them to us in time for planting during our sunmer; we thus secure
two crops in one year which saves a good deal of time in mal<ilg
selectio[s.

Yernalisation did not prove helpful either for soya beans or
IItalze.

PYRETIIRUM
In view oI the importance of plnethrum as an insecticide and

oI the fact that it grows well on light sandy soil, a number of experi-
ments have been made to see iI by manuring the yields can be
raised to levels at which they would become remunerative without
at the same time lowering the hsecticidal eficiency oI the crop.

The experiments were made at Woburn, and were continued over
four years: both lime and fertilizers hcreased the yield of flowers
and of pyrethrum, the substarce which measures the hsecticidal
value, but in some seasons the effects were only slight.
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The elfect of lime-2.g tons of ground lirne applied irr the Iirst
year only'-was as shown in Table XLIII.

TABLE XLIII
EJfect o{ Lime

1936 | 1037
23.3 31.2
16.9 | 25.1

No lime
Lime

I 1934 r 1935 rls.rls.sllz.sls.zl

T.{BLE XI-IV

_ The yield o[ dr5r flowers in the Iirst year (1983) was small :
rt rose to a maximum in lg35 and therealter decreased.

The manures tested were Iish manure (0.2 cwt. nitroeen oer
acre) and complete artificials, sulphaie oi ammonia (O:2 cwt.
:]trogen) suplrphosphale (0.2 cwt. ?zoi) and muriate of potash
(0.25 cr,rt. KrO) per acre.

. Jhu.$q9: applied every year gave a sigaificant increase
in flowers in 1934 and 1937 but had liatle effect-in l9BE, while in
1936 there was a slight but not significamt decrease. In rhe two
years iu which the manures produced an increase, fish manure gave
lgher yieids than artificiils though the di{ierences were"not
sigrrificant.

The marures had no elfect on p5rethrin I contents in lg34 and
1935 but produced sigrrificant increases in lg86 and 1987.

The results are shown in Table XIfV.

Mean of
matrures

5.64
8.88
4.85
5.11

0.45
0.47
o.57

No

4.S4
6.62

4.11

0.55
0.46
0.38
0.51

1934
t935
1936
1937

1934
1935
1936
t937

Artificials Fish Stardard
erroIst

+0.025
+0.033

0.54
0.45
0.46
0.66

Dlr ftouen (cut. ?et ac,e)5.2A i ' 6.03 I t.6O5.2A I 6.03 I 5-60
6.84 I o.ge I zo
5.ool*zala,.ze
4.68 l s.zs ls.ls

Pylathin I (pei cmt. oJ
0.54 I 0.54 10.5'4

0.43
0.46
o55

1934 1935 I 1936 I 1S37
flouer Qtk. per a*e) '

No lime . .
Lime

1.70
5.14

6.72 4.93
5.28

4.26
4.86

+0.44
+0.29

+0.60
+0.3?

+0.35
+0.33

+0.60
*0.45

No lime . .
Lime

Pyaelhrin I (pe/ cent. ol llouers\0.5281 0.449 I 0.406 t 0.5200.5591 0.472 I 0.420 I 0.545

+0.03r
+0.020

+0.023
+0.021

+0.0r4
+0.023

+0.0r5
+0.0r8

. Lime pro.!'qqd a slight increase--about I per cent. each year

-in yield 
-and 

in p5rrethrin I. Lime also appiars to have hid a
beneficial effect on plant suwival. The perceitages of plant failures
in the last two years are as follows :

Increase. .
Standa.rd erro$
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ELEMENTS RESUIRED IN SMALL BUANTITIES ONLY

Boton

It is now nearlv 20 vears since Dr. K. Warington showed in our
laboratories that 6oron is essential for plant Srowth. The various
svmotoms of boron deficiency and ihe patbological results associated

t"l,"ri*itt are now kmown {oi certain crops, particularly sugar beet,

apples, swedes and others; during 193&1937 studies Jlave been

niide of the effect of boron deficiency on carrots. Uur earlrer
exDeriments also show that field beans respond to small dressings

of'boron. The time is undoubtedll' ripe for systematic lield expql-
ments on the Dossibilities o{ boron as a fcrtilizer: only in thls
wav can definit6 and trustworthy information be obtained.

Ma*gatcse
Mansanese deficiencv results in pathological co[ditions in oats

(" Grev"speck "), and sugar beet (" Speckled yellow "), and peas'

Chemiialitudies have been made to fird some way o; estimatmg the
availabilitv of the manganese. Soils on which these diseases occured
*ui" oi tn6 r^." e"n".il tv'p.,.'ir., reclaimed heaths rich in orgadc
matter and made-alkalini by liming. They contained little or no

exchanseable maneanese, except on plots rvhere additions of
*"ng"i"r" sulphat; had controiled the diseases in the lield.

There are good grouads Ior believing,.that Marsh Spot disease

ir peas is coniected with [langanese deficiency, but certain soils

fro'm the Romnev Marsh area on which the disease occurs contarn
aooreciable amoirnts of oxides of manganese- Tbe disease never

oiiurred on an acid soil though a few of the alkaline ones also

"."" 
n*ftfrv peas. The acid soils naturally contained more readil-y

iluble marie;nese than the alkaline ones, but it was not possrble

arnone the a-lkaline soils to distinSlish by analysis the two or thtee
soils ihich gave peas free from the disease.

Pot cultures in 103? conlirmed the results of Prelimitrary tests

iro i936. On several soils from Romney Marsh, Lincolnshire,

-a-W.t*i.t.Ui.", and on sand-bentonite niixtures, Peas dev-eloped

lf.r.n Soot in the control pots but not iD those treated with
*oa"i"tri dressinss of manginese sulphate. Small dressings of
maneanese sulphalte sufficed 1o control the disease in the light soits

"t 
a ile sana-Bentonite mixtures. The hanganese contents of the

nea olants. both at an early stage of gro$rth and at maturity,
i,ere'but slishtlv altered bv tle added manganese. In the Romney
Marsh soils"the-readily soluble manganese of the soil was also but
little influenced by the additions of soluble Tlntanese. -

Other elementi aPParently needed in small amounts have b€en

stutlied, includ.ing ziric, cobilt and nickel. Some Dartmoor soils

"" *t iift.f,"up do not thrive, contain as little cobalt as the well-
t"o*n " 

"he"ripining 
" soils of New Zealand. ExPeriments have

.i* u""r, coniiirued 
-with molybdenum which has interesting and

.iiit lne ettects on ptant grorlt-h. A beginning has been made with
ihe inv"estigation oi copper salts which in cenain soil conditions in
Holland an-d in Florida- give remarkable increases in croP.
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CHEMISTRY DEPARTMENT
The extension of the Chemical laboratories gives special iaterestto the.work being done there and to the a*etop"m"ntilii;;;r"d

10 make a-s soon as the new buildings are comileted.

. Soil Fedilily.--:lhe numerous field experiments on commerciall.ums are used as a basis for testing laboratory methods of soilanalysis for- Iertilizer requirements. 'The 
tSSO'r"d- l-$7 i.suli.wrth sugar beet showed much larger responses to fertilizers thanin.iV 9l t!9 thr-ee preceding dry-seasoris, *a i" .or."qr"r";*ittzs lor the l[st time possible to make adequate tests of th'e successot taboratory methods in forecasting the responses of crops to

added lertlllzers. I-or nitrogen there was a fair-correlation Li 1986
Derween the response to sulphate of ammonia and the amount ofrnorgantc nltrogen obtained in lhe soil samples after incubation
For phosphoricacid the fraction soluble ir-.cetii r.ia*.i.ffii.aniiy
related to the resDonses ro sunerphosphate, th" ;g.;;fi;;'i'b";'B
better in lg36 th; in 1997. Tie mori commonly L;J .il.-;;ih
method was less successful. For potash ".itt ". ifr" *.t"r_iofiUi"nor the acetic acid-soluble fractions were ,isifi;tf l:i.i.teJ1;the field reslnnses in I936 though they *ere in teai.

\\rhen the data were set out in groups according to textural
classes oI soils it became clear thai tu.iitir.. i".oi.,*l"a.iiini,
whether based on soil analyses or nol, must be adiusted t, in" .riflexture, lor ri hap_ pened that on the healy soils the susar beeryreld was depressed by potassic fertilizers in 1936, in sDite ofthe facf
that-some methods of soil analysis actually in use alnlr., ni* f.*.i
results for heavy than for light soils. The field oxii_i"t" noiJout consrd-erable promise that soil analysis may givi useful resultstor sorls ot normal lenilitv, provided the method; are standard.ised
by field trials on retatea siriti.

During 1937 soils were collected from a series of field exoeri-
ments on potaroes carried out at over twenty centr"s ana invl.ii"l_
tions are being made on the lines set out ,"Ur"". n iiloir,'_ii"n
and phosphate the field resutts agree fairly rvett *iiu irr" ir.!ii*i
data.

.,Preliminary. trials have been made of very rapid method.s oIsoll analysts wtrch are now proving extremely ipulir in the Unitedstates. (Jne ol these methods agreed well wiihih-e standard methoJ
:]-^9j:".!"-,l8 acetic acid-soluble phosphoric acid and potash,
except lor calcareous and fen soils.

. B-asrc *S/4gs.-as in the preceding years, work was carried outror rne rermanent Lommittee on Basic Slag to compare theagricultural value of medium-soluble slags with" the bertel lio#
high-. and low-solubte slags. In Scotta"t prli. M:A.;h; ;i;:iout lreld exp€nments with several kinds of slag, each at two ormore rates 

-of dressing. Samples of the produce"wer. an.fu a "il(othamsted to determine the recovery of phosphoric acid" in thecrops. Tbe- experiments again showed ihat,'in ;if*a;;;;ld ;;recovery ol- phosphonc acid, the available phosphoric aiid could
De expressed as a tirst approximation by the amou;t of citric_soluble
pnospnonc actd apphed. I)ressilgs of medium_soluble and. low_
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soluble slats gave similar results to much smaller amounts oI high'
soluble sta[ pioviding tbe same amount of citric-soluble phosphoric
acid. The iioerimerris showed that the vields of swedes apProached
a limit for aiptications of the order of i cwt. of high-soluble- basic
slae Der acri. F-arlier exDeriments with slags at a single heavy
rat"e irf application bad failed to differentiate clearly between the
various t'vies of slag tested, because the &essings used raised the
vield towaids this tiiirit. In pot cultures at Rothamsted an attemPt
ivas mad.e to compare basic siags under widely contrasted conditions
of crop, soil and method of iicorporating the basic slag T!!-t!e
soil. - 

Some oI the 1936 exPerimeBts were carried on into 1937 to
compare clover, timothy and rye grass, The final data are not yet
available, but it was apparent during Srowth that all three crops
erew rveli without addid phosphate -in-a soil which had failed to
irod.uce eood swede croos in the field in 1935 or good growth oI
iurnips ii'pots in 1936, unless phosphates were added. Grasses and
clovei can ihus use soil phosphates which are not available to swedes.
This fact may explain why the residual effects on oats and hay
in the field e'xperiments hive been so small by comparison with
the immediate effects of the basic slags on swedes.

A new silico-phosphate has been isolated from some medium-
soluble slags and shown by optical and X-ray methods to be very
similar to, if not identical frth-, one of two siliio-phosphates recently
preparcd syntheticauy in Germany.

Tha *ature oJ the fhosphor*s otd lotnssium compounds itt soil.-
A considerable 

-propi,rtio'n----some 
25 per cent.--rci the t-otal phos-

ohorus is oresent in soils in organic combination. Methods have
Leen dwelbped for determininglts a.Inount; its form bas not yet
been establiihed, but it is veryitable and is probably not available
to plants.

In acid soils most oI the PhosPhate added in fertilizers aPpears
to pass over iu a {ew years to unavailable iron Phosphates.. ln
neuiral soils the reserves may, however, be built uP as calcium
phosphates.

Even although potassium forms uo simple insoluble compounds
a eood deal of tf,e iot*th.dded to manv s6ils may be locked uP in
inirt {orms which-are neither available to plants nor capable of
being washed down into the lower depths of soil. On the other
hand-, plants can undoubtedly utitise Potassium from forms other
than ifie readily soluble exchangeable frtassium. It is hoped partly
bv chemical work and Dartlv bv empirical methods to define more
cl'osely the conditions irndei whictr 'potassium added in fertilizers
will become more highly effective.

The nature oJ lha inorgatic soil colloids.---'fhese substa.nceg-
often regarded ai the same as the clay-play an extremely imPortant
part in-soil Jertilitv. X-rav studies are being made to Iind out
inore about their cdnstitution. The X-ray dia$ams of soil colloiils
from a $'idely differing collection of soils all gave the same tyPe of
pattern witli only minor variations. More detailed work has,
iherefore, been undertaken on minerals related to those found in
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clays with the object oI discovering sharper criteria lor differen_
tratron.

BACTERIOLOGY DEPARTMENT
This depafiment is also to be housed in the new wing. it havins

eDtirely oul groro.n the old laboratory erected in fS06l!'r-h" i"sri?ol the .lames Mason donation.

, The work-oI tbe department has for some years been devotedto a _study of the strains of nitrogen-fixing baileria lhat oroduce
nodules on the roots oI legumino"us planti. The ""arf" 6".i*i.,orm.a group which can be divided inio species, each oI which canm,ect only a small group oI legumes. Wiihin these soecies. slrainsor varieties oI the bacteria can be found that varv' verv'orea I lv
in the bene{it wbich ihey con fer on the host ptanii i, j*e-;;;;
strarns are purely parasitic and do not beneiit the Dlant at all-Such,strrtns are particularly prevalent amongsf pea ald clover
nodule. bacteria, and probably account Ior the poor growth of
clover ln certain pastures.

Tbe analomy of nodules produced by benelicial and ..Darasitic,,
strarns has been studied and the lattei have been found to differ
from-beneficial nodules in ftu.ee respects. (l) In vo*n,. o.i*rii"';
nodules, the cells in which the bicteria'lie .oi,t"lri.ri 

"""".""i""a.mount of starch. This may indicate that the bacteria 
"r" 

,-rUl"
prop€rly ro utrttse the _sugars supplied to them in the nodule. (2)Ihe parasitic " nodules stop growing at a very vouns staee alrj
remarn sm-all. (3) The bacteria in such nodules ve-ry .o"on tigin toattack and destroy the tissues oI the nodule in which they liei

-l,lot 9r!y do the " parasitic " strains of bacteria behave abnor_
mau-y u4thrn the nodules, but the plant infected with them also
pr-oduces some substance, or .,anribody,,, in iti root i"i"" tn i
inhibits ttre groM h of the bacteria; filtered root iuice {rim of""t.
bearlng ". parasitic " nodules has been found to check erowth'of the
bacteria in culture, whereas juice from uninfected ofrnt. 

-o.-i."-
plants bearint beneficial nodules, has no such effect' (Table XLV).

TABLE XLV
Grouth oJ Sqbean Nodurc Bacter;a ir. Media Con ainirlg Rool- Iuic.s

Medium with juice {rom plaEts :-

UEinoculated. .
Inoculated with beaeficiat straitr
Iroculated with parasitic straitr

MiUioG of bacteria
per millilike

1157
I706

852

_ - Ir seems unlikely that we shall be able to alter these fundamental
drilerences so as to make " parasitic " strains of nodule bacteria
become beneficial. The problrm rherefore is to ensrre that a leeum_
inous crop becomes infecred with beneficial strains. This migiit be
supposed easy, since we possess a practical method of .. inoculaiins
legume seed with the bacteria. But unfortunately the problem"is
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complicated by the facts that strains of nodule bacteria compete
toseiher in DroducinR nodules, and that this competition alrnosi
aliavs ends in favour of the " parasitic " strair. Thus, when pea
planis we.e supplied with a mixture of a good and a " parasitic "
itrain in equal-numbers, 90 Per cent. oI the nodules were found to
have been produced by the latter.

One way to meet the problem of soils hfected with " parasitic "
strains of nodule bacteria is to seek beneficial strains that can

compete effectively with them. The search for " dominant "
sood dover strains has been successful. Most of the 6ood strains
6f clover bacteria, like those of 1xas, seem unable, under normal
conditions, to compete with tbe " Parasitic " strains. Table XIVI
shows the numbef of nodules produced by a typical good strain
(' 2O5"\. and a " Darasitic " strain (" C "), when the two strains
rirere suoolied in equal numbers to clover grown in sand. Two
beneficiii strains have now been {ound that can dominate the
" parasitic " strain, and the lower line of the table shows the
success with which one of these slrains ("A"), can compete for
nodule production with strain " C."

It has been found that nitrate greatly checks nodule formation
bv strains "C" and " 205" but affects strain "A" very much
leis. It is likely that relative tolerance of nitrogen may explain
the dominarce of this strain.

The discovery of these "dominant " benelicial strains should
enable us to use seecl " iuoculation " to make clover gro\Y v/ell
even in soil heavily populated with a " para'sitic " strain.

TABLE XLVI
Resdts oJ mi*ed, I^oculalion oJ Red Cloue/ uith gool at d " pcrasitic" strains

Total
trodules

Produced by Produced by
good straiD "C"

Before clover inoculation trials are carried out with these

" domlnant " beneficial strains, more knowledge is needed of the
disiribution of " parasitic " strains and of the districts where the
rro"i *o*ttt of clbver seems to be attributable to their prevalence'
'Such "a survev is now being plarmed.

The dominance which " parasitic " strains show over most

t"n"ii"i"i strains seems to li due to competition taking place

between the strains outside the plant roots. When Peas were grown
in sand coniaining good ard 

-" 
parasitic " strains each in pure

culture, bot h stra.in-s were found to multiPly in the sand surroundtng
ih" root.. But when lhe rwo strains were mixed togetber in the
ir"a, *ti " parasitic " strain alole increased its numbers and

Shains of trodule
bacteria supplied
in equal numbers

364

ll6

40

ll3

32{
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entirely repressed the multiplication of the good strain. @ig. l.)
If the chemical state or the physical condition of the sand or soil

wer.e. suitably modified, it miglii be possible to encourage the
mult-tpltcatlon- ol the good relatively to the poor strains and so to
develop a method of improviag the q:uatity of ihe nodules by manu.-

FIG. I
Compettion bctween strains of pea

nod,tLo- bacterla in sand., Contlintlg Sucrose,
sui'roun4i4g pca roots

az
o
lto
E
d(,
dr!
G

toz
9)
-Jt

&i'
each strai,n

atone

1r\ Presencc
cach ott\er

Dags
Strain 3tB, parasitic. Strain gl0, beneficiat.

ing or soil treatment. Such a method may be needed lor lesume
clops. Ior which " dominant " good strains'cannot Ue forrnd. "Thii
roea rs Demg explored.

The competition outside the roots between good and ,. parasitic ,,
strains of nodule bacteria iliustrates tbe need'Ior -or" i*o*i"i.uof the behaviour of soil bacteria in the neighbourhooa of p-fdi
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roots. There is no doubt that roots exert a stimulating effect on
bacterial 6rowth. Thus when nodule bacteria were placed in sand
without any plants, their numbers after a fortnight rose from I to 3
millions per gram of sand, but in sand in which peas were growing,
the numbers of bacteria rose in the same time from I tb 6.1 millions.
It is also known that the number of other soil bacteria is much
increased by the near presence of plant roots. This la.rge population
oI micro-organisms amongst the roots must be of great impor-
tance in affecting crop grollth, and yet it alfords an almost untouched
f ield of investigation.

The development in this department of a method for estimating
the total numbers of bacteria in soilnow makes it possible to investi-
gate the interaction oI plart roots with soil bacteria, arrd it is pro-
posed to mdertake this when better laboratory accommodation is
available.

There is some evidence that the important problem of clover
sickness is related to this growth of micro-organisms upon or near
the plant's roots. The fact that clover so often fails when grown
too often on the same ground is sometimes attributed to definite
fulgal or eelworm infections, but there are instances which cannot
be attributed to these causes and in which the commencement of
the slmptoms occurs so early as to exclude the factor of nodule
{ormation by " parasitic " strains. A case at Woburn has been under
investigation in collaboration with Dr. Mann, A sterile extract of
clover-sick soil from this source has been {ound so toxic that, in
its presence, clover seed is prevented from germinating or killed
immediately after germination. It would seem that bacteria growilg
upon the roots oI the preceding clover crop have produced some
persistent toxic substance. The nature of this substance and the
conditions which make for its forrnation offer a promising line oI
investigation which it is proposed to Iollow up.

But bacteria growing in the proximity of roots also produce
effects beneficial to the plant. Thus it has been shown in our earlier
work that the growth of root hairs is stimulated by the secretions
of nodule bacteria living outside legume roots. This production
of groMh-promoting substances by soil bacteria may well be of great
agricultural importance.

THE WORK OF THE PLANT PATHOLOGY DEPARTMENT
AT ROT}L4.MSTED, I9I8-I937

BY J. IIENDERSON SMITH

The Mycology Department was instituted in 1918, arrd Dr.
W. B. Brierley put in charge, with Miss Jewson as Assistant. At
first it was housed in a single room of the old buitding, but in lg24
moved to the less cramped quarters in the new laboratory which
it now occupies. The change gave scope Ior an increase in the staff,
and in 1929 three additional members were added on the formation
of the Yirus Section. In 1932 Dr. Brierley left to take up the Chair
o{ Agricultural Botany at Reading University; and a few months
later Dr. R. H. Stoughton who had joined the staff as bacteriologist
was appointed Pro{essor of Horticulture, also at Reading. On
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Dr. Brierley's leaving, the Department was reconstituted as a
Depanment of Plant Palhology with Dr. Henderson Smith as Head.
Stoughton who had laken over the duties of mvcolosist was srrc_
ceeded by Mr. G. Samuel, who le{t in I93Z on beiie 

"ofoi"t"a 
Cn"i

M-ycologist lo the trlinistry of Agriculture ; and he" wii reolaced bv
Mr. S. D. carre . In the Virus Section Dr. Caldwell lefi in lgg"5
to -assume the post of Lecturer in Botany in ihe South_Weslern
Uollege, _Lxeter, and his place was {illed by'Mr. F. C. BawdCn.

The Deparrment has always limiled itiactivities almost enrirelv
to the infectious plant diseases and concerned ilselflittle with othei
{orms, e.g. deficiency diseases. The in{ectious aiseases iati unaei
three -main headingi. bacterial, fungal and ;*;, ;; th"* 

-;;;
consldered separatell..

A. IUYCoLocy
During his {ourteen years'service at Rothamsted Dr. Brierlev

devoted much altention to the genetical analvsis oI the lunelr',Botrytis, and isolated a large nimber ot.acds. fte f";d ifi;i
new strains might arise, but they could not be produced at will
Dy varyrng the condltlons. A strain could be lemDorarilv altered
b1' changed conditions, but it retu-rned ro its ofd cfraritteiiJic.
on reversion to the old conditions. -\pparently Du-re natu-ral
infectjons often consist oI a mixed popuiario'n ot 

"#i,i"i i."". Euiartifieial inoculations give rise- 6nlv to the orieinal in_ie.ting race. Dr. Brierley's influence "on mvcolosv i! not tobe mFrsured_ solell by his original pubtished" work: his
knowledge and enthusiasm and widi acqrlintance with leadins
mycologists throughout ihe world conrributid. Iarselv to estahlishi#
the Department in the position which ir norv fr"tir. p".f,urr-f,i?
most rmporlant single contribution was his paoer ,,On a {o'rm of
Bollylis cinerca with colourless sclerotia,," (1SZO) ln which iiincl,jed a scholarll discussion on the significan*'"t *ririlr. i"lun$.

fn the early years oI the Department, \,ith its initiallv small
stall, mu,ch I ime and energy was expended on the attemDt t6 assess
the numbers, as well as the kinds, of fu-ngi in soils 6{ dif{erenr
treatment, for which the classical Iields oi Rothamsted ;ii;;d;a
unique material. No very salisfactory conclusions emersed from
this work, largely because of the want of adeouate me"th.,,l" .,{
assessirg numbers. The presence of long threads bf mvcelium. anv
lragrnent of which may give rise to a ne; colonv and t"he 

"no.rnootnumbers o[ spores which a single head mav Droduce presented
drihculties which were not solved, and have i-nclied not 6een fullv
so-lved even yet. It was taken up again at a later a"t" Uu l.-irn"ii.
who.used the methods developed in the precedins *ort. iti
obtatned n-o support for the view that partiaujar minurial treat_
ments produce.specific fungus flora. Theie was a direct correlation
mrween soll lertlllty as measured by crop Rrowt h (e.s. maneol s-
wheat) and the number oI fungi and actinomycetis "in the"soil ;

_ B ethy, W,-8. (t9?0) .,Oo a Foro of Aor^tis C,E4 wirb Colourless S.I.rotia..,pbil.lra6. Ro}.. Sm. Iiod. B, 210pp, &-1r4.
sitrsb. Jasjr@ (te37). ..soit FtEi ed Acv@! aDd ( r op." ADnals of Apptied Biotos!. xtiomve4ts 

iD RdalioD to llatrurial rrearmeDt,
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but he could obtain no conclusive evidence that the numbers in the
soil showed a de{inite periodicitv. That there is a correlation
Ltween manurial treatmint and &sease was shom for the potato
bv Kramer (1930) who found that pbosphates reduced and nitrogen
iricreased tlie liabilitv to attack by Corliciurn so/ati. Excessive
DhosDhate on the other hand increased the liability to Pink rot,
i*hll6 tb"r. was no correlation betn'een manurial treatment and
btieht."Dr. Henderson Smith joined the statf in I9I9, and began a series

of studies on the killing Af Botrl'tis spores by chemicals and heat,
which are an important contribution to the general theory of
disinfection. The [1'pes of the killing are different in the two cases.

Wlereas in heatdiith the curve of the rate of destruction is the
same at all temperatures,adjustment of the time scalegivingidentical
curves. killing-bv phenol elded a curve varying in shape from
loeariti'mic t-o iieinoid aicording to the concentration of the
ph"enol, the numGr of the spores-and the age. This Yariation in
io.o" *". satisfactorily explained on the assumptions that in any
a'siemblaee of spores ihe iesistance of the individual varied, and
the distri6ution 6l the grades oI resistance was aPproximatelynonlll;
and a formula was arrived at, which expressed the relationship
between time of exposure, number of spores, and t",u o1 death'
The effect of tempeiature on the velocity of the reaclion by heat
was unusually gtiat but conformed to Arrhenius's larv. It was
Dointed out tLaiin all u'ork of this ty'pe, e.g. in comParing grovr'th

iates. comDarison of the times taken to reach a constant result gives
more'accuiate and consistent results thar the usual but misJeading
method of comDaring the results reached in constant time.

Miss Murie[ Brisiol (now Mrs. Bristol Roacb) was added to the
staff to investigate the possibility that algae, esFcially green

alsae. play a significant part in soit fertility, and, using rhe then
n&el lechnioue of oure algal cultures, she added much to our
knowledse. fhe mode of li{i of these organisms dilfers according
as thev ire on the surface exposed to tiSht or below the surface in
darloiss. WIen they occur on the surface, they function like other
sreen Dlants, transfbrming by photos]'nthesis inorganic material
irto orianic material rich in potantial energy which is added to the
soil whin they die. Below the surface they do not necessarily die,
but carr chanie their mode of life, becoming saprophytic on some

of the orsaric-matter already existing in the soil, as well as assimila-
ting nit;te and phosphate, which they convert into insoluble but

SEitn, J. Il.od.Mn. lerl. " The KiUillA ol Botrvti. SFe3 bv Ph.Eol-" AnnaG ol APpli'd

''"'HiJ-'llf$iJ.:*. r02s. .. rre KiuiDs or ao,rri ci64 bv H.ar, Birh a Norc o! rD.
r-;'",;;" "l T"dFraiu. ce6cieEti." trid, X, 336'347.**3;fi;i:f;.ac-.fi. 

i-0r1. i'or iiJipicet'cr6*rh or Fuoau HvPh..." Auzls or Botav,
XXX\/ll. oD.34l-!{1.""'a;lU:J: -H';"ita;-. Ior.. " on th. Eerlv GrNrh Rar. oI tlc lndividod FUDgE ltvPr' "
Nd PhstoLlgilt. XXIII. PD.0!_7&k..'n.r -I rqxo Ln;irhli.h.d Ph.D- ThGb.

n'.i.T. ii li*i.t it'i"i6t-;;or tle R.Ltior ol c.tt.i! soil Als& to S@. solubL C{b@
c.--oris." Aeals ol aotev, l926,cLVII, pP. la9_201 iith I plal..*-R?i"i-n. 

M;;-d6;i:ib"'riiicerui,i'rlutritiou'or soE; Atga! I'or.t d trom soil."
AMals ol Bol.rv, lgr7, CLXIll, pp. 60e'rt?.'"- ;"."i.-B-. ,i,i:iiB;Li"!-i oi,'ri,. rt- ot s"* xo'-.t Elrulh soilt " Jo!r. ol As c. s.i.,

"'kTx'irl'*l?'nit';otor-' on tr. ID{EE or Ij tt .!rr or crlea oD th. Gro'tt or r
S" ,nri.;' e"o.t. ot a"t-y, 1128, cLXvI. PP. u?_llt.

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-1-69 pp 43

62

readily d€composible forms. They may therefore be regarded asatents which on the one hand incri"." in" 
"to.t 

oi 
"n".g1:;iiii.ria the soil and on the orher immobili." ,oioUI" 

"rtri"ri.'iia "?#i.compounds which are available for later use

-At this time Sydney Dickinson was invesrisatins the nhvsintn,and senetics ,f r1; ;il"t'i;;i il;;#;ii,;;:'S [T#ifii.J"fl" isolator " for the isotation o"r strgte ceds j if,i."r, alp"ia#'I.'"rcw principle 1nd proved very satiifactoSt. He sruO,lea in-deiaitthe c)'tology of the covered smuts of both'oati;;; ;;;i;';r;'i;"fusion, both within and across the ;f;i;;;;;;;-d, ;;i*il; ii,"
1''';::!,-1 d .d{{".ent. 

., 
sender', diriveJ ii.'ii'rr,i*["'ii.ijil

LTllt,ont. ,.lncidenrally he showed that no infecri; oi;;i-;.
:1],,.] r,*dr.,,lgr by pure cultures of smur fungi results if onlv onegenoer (sex) ls present, bur iI two genders aripresent g0 per"cent.rnlection is obtained.

. With.the appointment of ]Ir. Samuel a new orientation wasgrven to,the mycological work. Hirherto, it n.A *e"_ipari'fr"_r-re worK on wart dlsea^je of potato_somewhat abstiact. and
9l9l!.d. fro--p.3ctical asricurtrle. rd;;;;;;d i ii"ir"o_"
ry,.-rj:::d at,.Rothamsted of soil conditions, however, .u"r""afo
::1T-ln excellent opppllun1ty for the study of crop d.iseases causedDy sort organrsms, and Mr. Sa.muel began wjth the club_root dbeas"
.oj-crucifers. A new mycologicat g1".."-h;;;;;;-b*li ili;;il;d
Tne system ol leatrng this and the existing virus houses was recons ruted, a thermostaticallvrontrolled oil_buming ptani Ueing
,introduced to serye all the 

-houses. 
samuel worked first on the

l-i,f-e--lri tory oI the organism -p.oa""i"g .i"L-oi,';; ;; Ji"'l;crear up _rna,ny pornts which had hitherto been obscure in i*s
TL.,l r,tyd"9 parasit€. In the course ,f thi; 

-;;rk 
;;-.ie;ired-.method lor determining the amount of infection of the rooi hairsylhll 1 y.9k ol planting the seed. He .r,"*"a-iriit'ir*'"*ilijl"r

rIuS root-na[ rnlectton was a lair index of the amount of diseas.cwhich.would subsequently qppear in iUt -rp, l"a in"": il"if,ii
g,ave,$m a means of testhg the effect of soil tre;tment in controUi""tne dtsease. He confirmed the belief in the value oi Li_"_a.""r_g]brrt showed that the elfect.was due not to the calcium 

"";;;; &thedressrng but to the alkaliniry p.oaucea, ana tnliiihd;i ;such as potassium or sodium hydroxide, were no less ;";]idl:Thiswork, which is not yet pubtisied, w;;f-t;;t;ffir;i#;i:;
by hrs,departure to the Mi;istry of A$iculrue ; brti;i;eiJ;;;
a numDer ot problems which should be attacked in any subsequeniwork on club-root.

. Ur. Garrett, who had ioined the staff in 1g36, was aDDointedi,n.Io3z to succeed Samuei as mycologist, ;.i;; ;;;ffi"1r;';dilfeTnl fie}g the study or tne eirect ii ilii...Jii"'#,]i ai."*.lrne lake-all drsease of wheat, or whiteheads as it is also called

"*"._F,.[.i::]ie*'lf"iH, ttr:;ff#:3: 1"'i ill'i,'::syu"a 
c'n-'lri& ot tte sou! Furi Hr?hal

s.-Ji1!:r!it,,-"ii:L;!#:iT:i:".j,18,:p:,$r,,"-$4,.f ,*o(ib.s@u,Fu8i:
-..,1,,"I'}P", sy.io.y_-- E'F,ib.trrs * rr. pryn.i"#'j,J 'G""tiG or th. sbur FuEj:h:i**:ilff':!;,,]!:.i[!TH:,t":l# *.-!r cohdi.oos ". rr.,' s"g;;.ii.;:'f,;;-
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Droduced by O bhiobolus patdnis had' long been known as a serious
iisease in 6the'r parts oi the world, but although present has not
been o{ much sig;ni{icance here until the last few years. It is now
becomine of coniiderable importance, and the reason for the change
is not ve"t clear. It has coin;ided with the development of mechan-
ised fa-rming, but the conneclion, if any, has not been established.
Garrett is ;tudving the effect of various soil conditions such as

moistu.re, templraiure, organic matter content, on the survival
period o{ the iuneus, which he has already shown to depend verv
iarselv on the eni,ironmental conditions. Itliss Glynne is studving
thJfringus Cereosforel'la hislohichoidcs, whrich is in part responsible
for " lofuing " iriwheat, a;d has during the l+st e_i8h1 years main-
tained Jsuivey of the diseases present in the Rothamsted and
Woburn plots.

Wenr Drsr.lsn oF PorAroES

The introduction by Miss Gly'nne (f925) of the " treen-wart "
method of inlection wis an important contribution to the study of
this disease. since bv it suscepiibility or immunity could be deter-
mined within as mahy weeks-as had hitherto required years. It is
now in ofrcial use as i routine method and continues to give satis-
Iactorv results. It is, however, so sensitive a test that many varieties
which"rvere acceDled as immune in the field were shown by it to be

temDorarilv susieotible. and the question has arisen whether
the iaboraiory or ihe fi"ld test should be accepted as the criterion
ol immunitv,'on which offcial recognition should be based. On the
one hand the Ministry of Agriculture are reluctant to accept- as

immune varieties whlch are in the laboratory demonstrably
susceptible for a time, lest this susceptibility should lose its
temporary character under some conditions o{ $owth or environ-
ment; aird on tbe other it seems uffeasonable to reiect many
promisilg new varieties on account of susceptibility to an exPosure
huch mdre severe than could reasonably be expected under fietd
conditions. A finat decision has not vet been reached on this matter.

By grafting immune and susceptible Plants together W. A.
Roach (102?) ihowed that the immunity is not due to a chemical
cornporrt d wi\ich could traverse the ptant and be conveyed from
the immune into the susceplible grafts. (Scc Annual Report 1936,
p. 85.) Miss Martin (1929)'using Ihe ''grein-wart " method demon-
itrated the susceplibility to wart disease of numerous spe-cres ol
Solanaceae other 

-than tie potato plant, thouth infection did not

Gllm.. Uarv D.- ltr.id.oe of Trr.-all oD wLat ed Berlcv oa ErFri@ot l Plot"r
Woblrh." Alna]s ol ADpLjed Biolosv, 193r, XXII. DD.225',36-"-ei;;. ti;;b.--att*- niJE.iri.t i*.ai it rulai o! what " rre' Drir' rlv@los'
S&- 19!6. XX. DD. lr0.U2.-* c,i."ii" -ri',ii-o 

-;lnierion Ererincuts 'ith 
w.rt Di*a or PotatG. srrtvrn.'

.adk;it; tscbilbl P.r.." A!trale ol ApDU.d Biolosv, 1016, xII PP. 3{_60
Grlme- ilre D.-'Tte Viabilitv ol tt Wialer Spotu,Ai@ ot SrBtttnrt arodoad'

lschilb,l P.ic." inDals of Appued Biolosv, 1916. XIII' pp. 19_55.- r:rr;n. rl.rv D I Tha D.wloD@nt ol St t Ll'tttar ,,ldrorst (r. lD., r'erc', d
l@ui; viii.ries:" Amals of Applied_ Biolo€y, 1916, XIII, Pp. 36E_369 F b I pht.. 

-RM.h W- A - Imunirv of Potato Vari.li6 frco Atlaf, bv tre w{r ui.& ru!g!3'
St*hlrdir .d<lintka th. Fulsu! q6iog Wrrt Di*4 of Pot.tc." Am.l! ot Applied

"t'€g:"'";r llfJ.l',i'l:] uarv o.-- rm roncitv or c.rrai. surphu co.pouds ro
S;ib;-.d&i"rn -,trle FuDsG eBios wdt Di9a of Pot.rc." Anaal3 or ApPu.d

'"'ff*':::k*Yi'L.lX%111".", r*,. 
"r 

r"-r*,.n.^.tobet. i tsrnibl p.r.. ' Ar'rs
ol Arrplt.d bioloSy. lOl9, XVI, pP, 4r3.129, eilb 2 Pl.tes.
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9!9q from contaminated soil. In spite of much inyestigation nofield method was discovered for treitiag th. 
".ll 

;; ;; i; iJi ;U
sporangia oI the org-anism. Treatment wiih 

"utpt 
or p.ov.a ei..iivu

on some .occ$;ions but not always. It would s6em ti,.t it is noi in"supnur ltsett whlch is active, but some derivative {rom ir 2nd
experiments by Miss Glynne and W. A. Roach (1928) 

"resu.iJlfat f.lrio-sdpnudc acid has a slxcial toxic action' ov? an-d"Jo"I
r.n1j gue 

"t-o 
the hydrogen ion concentration, which in itself has adelmtte ellect in suppressing lhe disease when sufficientlv hieh

-t-or the last few years Illiss Gllmne has been actine.s." 8m"i"tconsultant examining alt doubtful cases of susieDtibilitv in
colraboratron rtr'rth the testing station at Ormskirk and-Edinbiugh.

B. BAcrERroLocy
In.I927 M1. R. -H. Stoughton began an extensive series oflnvesttgattons .rnto the ,.angular leaf spot type,, of the Black

Arm.drsease o, cotton, the funds for which wiie provided bv the
Empire Marketing Board. One of the obiects 

"f itis 
".""i# *."

to see how far the sturry-of a tropical diseaie ca, b" ";.i.ll-;;;Aon 
-rn 

a laDo_ratory tD -England; artd the findings were c-omnared
wrth lhose obtained in the Sudan. In the result it aooears ciearl,that certain tJ.pes of investigation can be 

"d"q;"i[l'y ;j ;;a
econorrucally- carried out in this country, and'theri are manv
rncrdental advantages in such co_oFrration between the tropicdl
and British workersl

Il our glasshouses cotton grew 
-well, developing ripe bolls withgood lint and healthy seed. T[e infection experimeltJ*..u -"i.,i.,carned out rn specially designed chambers,-in rvhich the air anh

sotl temperatures and the air moistu_re and lighl exposure could becontrolled and varied at will within cenain imits.' Ttre;;."1t. ;i
the six years' work on the influence of environ*""i"f 

"r"aiii""" #the disease rnay b€-_summarised as follo*". p.i-*vlriri-ti" oiti.cotyledons is_usually due to the bacteria (9. *rt;r;;;;;\;;i;i
on the outstde ol the seed and in the fuzz, thorouRh d.isinfectionof the exterior of the seed resutring in 6""lia;-;;-.di;;.. "$ii
temperature affects the amount of -primary iniection, i*cl is
reduc€d _wh_en the temperature is conitant above m. i.. b"t;;i
Intubrted wholly at alo., but is of importance onlv durins the first
two or threedays after sowing. A regular diumal v-ariatioiproduced
lne same ellect oD rDfection as a conslant temperature near to the
mean of the Iluctuations. Soil temperatue hasiitue efie;i;;;;";;-
darJr infection resulting from spray inoculation .-i th"-pild; ;;

or Badat .. ra&{.ear.." B- F. S.

ot Bad.ritn rCt@aar." E. F. S-

i! r CoDlroU.d E!vironD6t..,

HuDidiry oa Iat6.dd.t' A!Dr, of

i[o^tJiiE 
tlc ed vryils c6dr6@ o, rDr.cd6.,'

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-1-69 pp 46

65

tbe effect oI air temperature is marked, maximrrn 
- 
infectiou

occurring at a constant iemlxrature of 35138" C., with decreasing

incidencE at progressively 
- lower temPerature. High -humidity

favours infection,-but hu;idity is of importance only durirg the
first two davs a{ter inoculation-

Mr. Stoighton also comPleted an imPortant- 9!u{y o-n th9
morohologv ind cvtoloev o1-8. nahtaccarum in which he sbowed

thai this Sacteriu;r haJipparently a sexual stage, though such a
comDlexitv is not supposea-to occur in bacteria: and that it may
diss6ciate"suddenlv Gio new strains which may or may not Persist'

C. VrRUS DISEASE

The Imoerial Asricultural Conference of 1927 recommended
that " firndi should-be provided for the more extended study of
the fundamental nature 6f virus diseases ir plants," aud tbe Empire
Marketine Board provided means for a considerable develoPment
of the virirs investigations already being carried out at Rothamsted
bv Dr. Henderson 

"Smith. 
Thre6 scientific posts were created, Dr'

I;htr CaIdweU beins aDDointed in 1929 as Virus Physiotogist,
"Dr. Frances Shefreld-as Virus Cytologist and Miss Marion Hamilton
Inow Mrs. M. A. Watson) as Viius Entomologist. A glass-house for
ieneral ourooses had alreadv been built in 1927, and a second

insect-or:ootia set of chambeis was provided in 1929 for the vims
investi'sations. These were desi8ned to elucidate ii Possible the
ultimaie nature oI viruses in general and were Dot concerned wlth
rrarticular diseases of particular crops, for the study of which
iovision was made i; different st,tions scattered in suitable
iocalities throughout the country.

Dr. Henderson Smith had already published (1928) an account

of a mosaic disease of tomatoes, the so-called aucuba disease-,

caused bv a filterable virus closely allied to tobacco mosaic and'

characterised bv the brilliarce of its sYmptoms and the hiSh resis-

tance of the virus to heat, ageing and chemical reagents. He.lailed
to obtain any growth in cell-free media. He had also studied (1928)

the transmiision oI potato mosaic (not then sub-divided into
distinct d.iseases) to t6mato and other hosts; and had begun an
inveitieation (titer carried further by Dr. Shefield) into the
intrace"tlular iiclusions which are characteristic of many virus
ai"""""" mtn in man and animals, and are excE)tionally w-ell

exhibited in Solamtm mdiflorum when infected with aucuba
mosaic (1930). There is a persistent belie{ that vinrses are an

iavisible ltaee in the life-history of visible bacteria, and some suppo-rt

I t" U" fori"a irr the fact that in certain virus diseases specilic
Lacteria are regularly found to be Present. Henderson Smith,
t ow""e., sf,o*ud' (1933) that in tomatoes gro$'n fr-om sterilisedseed
under aseotic corid.itioirs and inoculated witb {iltered virus juice
free from'bacteria the disease developed normally without the

^DDearance 
of bacteria, which should have appeared if they were a

"t'Jn" 
irr' tt" virus muliiplication. Miss Jarrett (1930) inYestigated

irr.".t.eak which occurs'in commercial tbmato houses, and showed

it.f it ir not usually due to a mixture of ordinary mosaic with
potato mosaic, as had been supposed, but is aa iadependent virus
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disease resembling tobacco mosaic. She obtained no transmission
with Thrils tabad.

In collaboration with D. Mac Clement , Henderson Smith used the
gradocol collodion membraDes introduced bv Dr. Elford to measure
the size of certain of the plant viruses. ihey showed that they
differed in size, as do fhe arrimal viruses, and irrived at estimates
oJ^the actual size of tbe particles as they occur in inlective juice
0e32).

Caldwell, in his first papers (1930, 1931) proved that aucuba
mosaic does not travel through the plant in the water stream, as
was_generally assumed, and th;t it do-es not normally gain entrance
to the water stream, and, if artificially introduced'irito it, cannot
Ieave it. and produce inlection. Movement occu.rred only through
living tissue, and the virus cannot pass across a complitely deid
area. In certain hosts the vims produced only a locai reaciion at
ttre site of inoculation, in others i1 mieht travil throueh the Dlant
but prodtce s'-mptoms only sporar Llly. E";;;'i";;t;l;;
distribution was not uni{orm, the conceirhation beire hieher in
the cholorotic areas, The carbohvdrate and. drv matier iontert
o{.diseased_ plants is higher than i-i normal pilri, ;d ;*pi."ii;;
is increased, but the nitroger content was noi materially afficted.

Caldwell showed that the virus was particulate. and produced
some evidence that it was either itself Drbtein or bound td orotein.
but he was able to show that the claimitt"t U.a U.." *.a"'"i ilri
time to have obtained it in crystalline form were unwarranted. He
demonstrated the occurrence of more than one strain of aucuba
mosaic, and that the presence of the one produced immunitv to the
other. He showed that this immunity was in some degree specific
against allied strains, but inactive against virus not related io the
immunising strain. In a study of the local lesions technioue and
the effect o{ adding chemicil substances to infective iirice he
suggested a method by which it was lnssible to distinguish 

-between

the eflect on the virus itself and thai on the leaves us"ed to test tbe
rriltures.

Birkeland prepared sera against a number oI different viruses
grol{ln..T hosts serologically unrelated, and tested tbem by the
precipitin method. The reactions gave additiooal evidence that
virus is in_itself antigenic ; and showed also that cucumber mosaic,
tr)bacco ring-spot and tobacco mosair- are serologicallv distinct-
'*hile aucuba mosaic, tobacco mosaic and probablf torriato strea.k
are serologically indistinguisbable.

.F. C.-Bawden joined rhe stalf in 1936, replacing Caldwell,
and in collaboration wil h N. \v. Pirie of the Bioche'mical"I-aboratorv
Cambridge, began a series oI investigations, which has eiven and is
still giving imponant results. They (l9g?) isolated from-solanaceous
plants infected rdth three strains oi tobacco mosaic vlrus 

""cleo_proteins witb characteristic optical properties. These are inlective
at a dilution of l/l0ro and give spetifii precipitates with antisera
at a .dilution of 17107. Solutions-of the- puriiied proteins, iI the
protein content is greater than 2 per cent., ieoarate into two lavers
of which the lower is the more 

-concentrated 
and is birefrinient-

while the upper shows anisotropy of flow. When centrifugef ai
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hieh sDeeds these solutions deposit the protein in the form of a
iii::dil; i;i'. -N" ;;;v-"' preparati6n has bee.n fo'".nd .which
ettacks"these prbteins at an appreciable rate, but the actlvrry can
t* affected bv a number o{ chemical agents, and the condrtrons

trna"r which tire nucleo-protein complex breaks down were stu(ueq'

ir is suesested that il purified proteins the constltuent panlcles

"." ioa-ifiaoed. and are built up by the tinear aggre,gatron or. smatter

r-it.. ff,"i" is evidence that in the Plant part at least ol tne vlms

is not so aggregated.-" --i;-it^i"nricleo-Droteins 
were isolated from cucumber 

- Plants
t"f;;;;th a;ri-u"i ,rit*"t 3 and 4' These viruses. have a

r,l'.i.J"l'otti".1-rt"m that of tobacco mosaic and dif{er more

#i"riIi"* tt 
" 

r.t1ei ihrtt do tecoet'ited strains o{ tobacco mosaic ;

;';;?ilil;;;;y pi'p-"',i"' i" 'i'^'"'n 
with the latter virus and

;;;;;;'ffi"; antiieirs. 'When 
PreciPitated with acid or ammonium

-dphate, the. protiins form needle-shaped paracrystats' as ooe's

tobacco-mosarc vrms.'"-D*;. Sil;ffi;ia ;;;il uP the investitation of the g:t'.'i:l b-t1
alreadv referred to. It had at one time been asserted that tnese- w€re

;I:'Jl't"';h;ffi;i ."ti i" t" amoeboid form ; but she showed that
;;:;-#;';;;;'11;i oi ceuular material, which, appearing. first

*-i""rr.t" i".Jtt masses circulating in the streaming-cytoPnsm'
;.i;S""d i; i;; e""niolrv the coirplete inclusions' The-process

ffiff;,; f;il;A ir,to"gh,i"t in the'livin-g hair-cells ot Sotawm

;iin;*, and a fitm Jas prepared which showed the successrve

ti.e'"r ii";.1h" first appeaianie o{ the moving particles shortly

"iiiiriJi"" i. the fiiril completed bodv, whiifmav -"YSItl'1Ilv
iiL"*'al"ii r",. r:ioter" ".ytt.i" 

(I93r). She attempted (19,341 !'
"^i. "i tt"t" conditions in healthy cells by treatment wrtn suD-

i,:,iil ffi;'";';";sJ"G .l't"pti'm' Moit of the reasents used

iif,"""a?ti-J.ii." oi ttre cyioptLmic stream similar to the.initial
:H;;-"i;;;;ilii"" *iit'"tlt real formation of tme inclusions

i"iii^ir"rl tirii t"rii Ji;;ivbd,t aci<t all the cvtological abnormalities

;i;d;H..i],Hffi' "ii* "*ta be imit;ted in the absence of

anv vlrus,''"ojt.i" studv of the dwelopment of the assimilatory tissue in
S.fi;;*; -.-ft" 

in""'t;gat"a by micropipeite iniection the suscep

,tiii, i,i.ili"pliiti .ii to "itut, 
a"d io'rnd tliLai individual cells

.-?"i r'..rttv in their reaction. She also demonstrated the r6le

Ifrii'it 
""riit 

i."d.t * pt"u in tt'u tpt"ta of virus by a,, examination

"i-itr" .io*.ttt zuard-cells. These cells never contam lnclusron-

;;di"r. 
-;"hi"h-;"?; in aII other cells, and this immunity was

iitiilrt"oio tt'.i. tack of plasmodesm connections''"'il';;i,,i" ;;; aii".!" t commonlv transmitted ftom Plant

- Jr.rifu**t".it, urt ttor" it is accompiished is dimcult to under-

i;.i:i. 'i;i.';;i;;. a rule, simple ex'ternal transference of infeciive

;;tJrii'; 
-ih; 

mouth parts- of the insect : there is- a specilic

i,iijirj".rrii' bei*een the'vector and its virus' Mrs Watson (rla

fifilii;il"tJ"li ,; rt. tt"au of this problem' Arter developing

Iil h;;i;;-li.ining insects apart fiom the IMFS ptant (r93o)'

.-t "-a"l"t-."a 
(1935) tie volume of liquid taken uP by-the l€edrng

^"ii*.-.nJin" ".it"-e 
returned in the siliva as well as the relations

;il;-#ilil;;; a.iificiat teeaing and under natural conditions'
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She. used- di{ferent methods of estimatio!, includiag imbibition ofradio-active solutions, of which very small ;.;G &"-;;;;;;'
and .by the various methods obtained results *hi.h ;";;;-n;ll;
consistent ; and she brought forward 

""ia"n." ttai Ge 
-;;;it,;;i

or !'rrus. traDslerred correspond to the amounts of liquid. fhis workwas lo.uowed !p by an extensive quantitative stuay. statisticallv
conrroUed, ol the Iactors affecting the amouat of infeition obtainei
9), aptus tran_smrssion. Tfuoughout the work she used a vinu
Hrosc))arftus III, which she hrd isolated from an outbreak o{
disease in ,a crop ol Hyoscyamus grown to. .o*-"rai"f ourioJ.- a-
ntrmber ol striking results appeared from this investjsaiion. e.e-that a ma;omum percentage inlection was obtained turins thtwttrter months and a minimum during summer, and that tbe" per_

'$ouig"ffo* " 
t"o.*o .ul ro@to." Ar.r3 or

ritt . Ucaic Di*ale o, Tob.ro.', A!.als oI Appli.at
oI Potato Mosic to To@to.'. Aqnab of Appti.d

in Mwic ot Sdanth NdiJldyn', Ann Ls

GroE." A!!a& or ApDlicd Biorogy,
Soii!, J. Hetr&reo-., Filrtarim oI plalt ViM.,, Nature, July 2s,

a Viru. Di*rs of To@to.s.'. AlEls ol Appti.d Aiob8y,

Tm@issioa of ViHE

Itoeic ot ToEato_,,

f irus ol Y.ltor U6aic ot T@ato. "

" AaDals of Appli.d Biotogy

'iq.:r';itrtrLtr*.Ti+T":LUYiiXtfl 
r.e

*.i"l"if,er*ffi tme.fl iiSrHi*?L1pt

the Tr.nslftarioo ot \riG.,, ADals 6t

Work," Anlal3 or Appli.d
te.&3 ol Hto*r.r$ NiEr.', rinlEl, ot

oo tI._ A iti.ial FediDg ot Mrre, pari...
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centase infeclion (which increases with increased {eeding time on

tn" hitftfry plant) 'decreases rapidly with bcreasing limes on the
hfected pl'ant from two minutes to one hour.- ln tSlZ-tSSf ms. Watson investigated an outbreak of disease in
commercial grown Hgoscyamus. from which she isolated three

lri*"r, t*o if tt"- i"*l In a crop o{ this ki'nd, which is limited
and vaiuable enough to warrant the exPense, it-seemed that controt
hv snravine miehibe Dracticable: and it was fould that the aPhls

frfes'tation"and conseiluent infection were reduced tlerebya The

ereatest e{fect was obtlined with weekly sprayings. The influence
in vield was less evident. but as a result of weekly sPraying irt tbe
firsi year a 30 per cent. increase was obtained in the third croP

taken in May of the second Year.

As the work of the other DeParlmeots has been recently
described in full it is not necessary to do more than mention some

of the chief lines of work being done in each.

SOIL CULTIVATION AND MANAGEIMNT
These investigations are in charge o{ tbe Soil Physics Dep^art-

-"r,t, ttt exlenied account was given itr the Report for- 1936'

Evidence has been accumulated that the PurPose oI cultrvatlon
is to keep down weeds, and operations additional to what rs requred
ioi it ir i,'',"u prot 

" 
inef{ectivi or even detrimenta! The importance

oioi"-o"ti"* i eooa seed bed is recognized though some of the rather

sttikili g di f"fe.inces in appearance of crop resu ll ing.from. dl I lerent

methods of preparation do not lead to corresponding dlllerences

in final vield." 'i";i 
i*i"t"r".--tfhe water relationships of soils have been much

slrrrlied as beirq among the mosl important {actors in soil'lertl[ty'
wrter easilv m6ves downwards in the soil under the {orce ol tra\1ty
uri'i"-"irrdr ait".tions its movement is both slow and smaU i.n

amount. Evaporar ion seems 10 occur ?" wlz; plant roots Srof r

to the water. tLe water does not move to the roots' 'l he rnvestlSatlon

"i 
inlr "rtiLi 

*",rtd be Sreatly facitirated if a trustwortlry mel hod

*"i" t ro*it tot tt 
" 

direct"meas-urement oI water in the soil and some

orogress has been rnade in this direction.* -Tw"rit"*ri ii toils.-Soil surveyors regard the colour of the soil
as one oI the propenies helplul in classi{ication An rmproved

;thod ;f i".otifi"L colour ddvised by Dr. scho{ield was lound to
be so valuable thai an important {irm of instntment makers has

icquirea tft" patent and t'aken over his assistant Ior the purpose

of further developing it."- -;;l;i;;;;.-li.ihod. 
"." 

being devised for studving i,, detail
the structure oI the soil.

STATISTICAL DEPARTMENT
Durine the t..ii"* v"ttt the scope and work o{ the Statistical

Deoartm&rt have chan{ed considerably' The staff h-ad at trst to
detielop methods: now lhese methods axe used lor the solullon o,

i.,ifi"ilt ,i".""i"a bv other departments. At the present time there

lre three 
-main 

lines of work :-'- (l) Th;6d;vement of designs for {ield experiments whereby

thes'e'may become more useful than at present'
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These new methods have ,]il,.u "",y poputar and are now
adopted all over the British Empire and in many other counlries
of the world. The principle of randomisation introduced by Dr.
Fisher, and his subsequent developments of factorial design and of
" confounding," have been carried further by Mr. Yates- He has
also worked out quasi-factorial and other desigrs which are being
widely adopted in plant breeding and other work which necessitatei
the tesling oI a large number of variel ies.

(2) Sampling problems such as crop estimation, forecasting, etc.
Methods are being vrorked out experimenlally for wheat and a
beginning has been made wilh methods for polaloes and sugar beet.

(3) Methods of analysis have been designed to deal with data
collected in various surveys; among these are the results of the
Rotha.msted Barley Conierences; the enquiry of the Potato
Marketing Board on the blackening of polatoes when boiled;
and others.

The work of this Department is widely krown and attracts
much attention from overseas countries. A constant stream of
research workers come here for study: last year's group included
students from Australia, Chha, India, Kenya and Iceland. Mr.
Yates had a very successful lecture tour in tha United States where
his work has been attracting considerable attention because oI its
importance in agricultural planning and development.

MICROBIOLOGY DEPARTMENT
The investigations on biological purification o[ effuents from

sugar beet and milk factories carried out during the past I I years
under the aegis of the Department of Scienlific and Indu;trial
Research will be completed dudng the present year (1938). The
work has been done jointly by the Fermentaiion and General
Microbiology Departments and it has proved oI great value to the
general work oI both Departments.

The bacterial flora of some of the Rothamsted plots is shown
to be aflected uot only by the manuring but also apparently by the
crops._ The protozoan fiuna in the soits coilected'by rhe" B;itish
East Greenland Expedition 1935-36 has also been studied.

ENTOMOLOGY

__ - 
The work on insect population and insect activity has continued ;light trap observations v/ent on till February 1937, and were then

stopped so a,s to allow the large numbers of reiults to be worked out.
The number of insects caught during the nisht was fairlv closelv
related to the minimum temperature ; a rise- ot 4 or 5 d.grees F.
over the, minimum temperature approximately doubled tlie catch
independent of the time of the year or the qiecies of insect. The
maximum temperature, however, was much lelss important.

Work on certain qxcial insecls has been conlinued, notablv
midges, cabbage aphids and white fiies. Much attention has been
devoted to insect migralion and il has been shown that some o[ the
insec[s at any rate tended to migrale simultaneouslv in Eurooe and
in Nonh America. This work on migratioo will now be put 6n to a
much souader basis as a grant has been given from the f,everhulme
Trustees for the appointment of additional staff.
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Increasing attention has been devoted to soil insects and the

D*;H;ti''*rd';;;;;bly orient its work more and more.iL thi.s

fiftil;"i;; it" i,"*t rt* years' Sterilisation o{ tbe soil. kitls all

tllit 'ilri ,"lrr"nisation soon begins and 
. 
the ryPy-"li1i,,T",I

;":';";h;"; ,. four times as Sreat as in the untreated sorl: rt

.'J;'"" it rtrit "t +sb mitlions per-acre in one experimental plot'
^ "-il-.";?i,t""tion has beejr paid to the control of wire worms by

ir*tiil"ii"? iJi.tppi,s'--ihi" *otk is done in association with

i*i+*rsff r's;i*lv.:'ry::*#tiiil:HrJfl "'[;'.::l'Y;
of 'British Chemical Manufacturers'"' "r"il"tit" .t"aies on leather jackets are made in association with

,rr"^dofi C."* Research Station at St' Ives'

INSECTICIDES
Considerable develoPments have occurred during 193G1937

:*;iH"ilHI;Bi;:;tr,T"ffi [,:$'ifi3,'!qfl f, ;?,'ii+Ht
;iiiIoiliiffi; i;i the examination ot Brilisu Empire Prodncts :

T)eni< and other vegetabte ,na.iii"idtt can now.be investigated

ill'r'i'"frJa""i.iii -f, *o'" extensivelv than in the past'
"'"t#i;;ii;tious on pv'rethrum 

-have 
now reached a state

*r,"^ti s;Ltii"ts."r;i"ni airh a iull report become possible'

INVESTIGATIONS ON HONEY PRODUCTION

These Iall into three SrouPS :

(ij proUt"-, ot honey production under healthy conditions;

i2) Bee diseases ;

i;i il;;;i;;f i,onev, studied with a view to devising methods
' ' oI detecting adulrerationt. 

on these subiects but attention

*ffi,'it*" 'ff'*i f'",'#o*"Ii;h"iltii=,t t'tJ.-i' I*s work bv

iiil-ii""* -pi"a*ers who contiibuted considerably. towards its

:;#" l,. iplt"li tu" circumstance that most o[ them are onty

ini small waY of bushess'
THE FARM

As far as possible any records likely to br'J Practical interest

ffi ftt'r$i5qf,1f'5#.';;+;"'ffi e.ffi
oaraffin as sources ol Power, a

i"rl"if,irrirf-tA*ot.ges aisociated with each' This w-ork.wa-s done at

Iillir*i.." ii tue"Royal Agriculturat SocietY and Paid for out of

iil ffi;ffi.f,e;t tt'ei'r ; it"is now completed and the final rePort

is being drawn uP'
ExDeriments axe atso Delng commenced on the ploughlng uP

"r #iii.ii.-*iin1 view of stiaving some of the- Problems.rajsed

f,*"i.?iii'rrt"glirg ,p ptogttmire 6f lgu but left unsolved since'
'*"d ih; '.;;;r..."ial'firm- the method of rearing calves has been

."d:'d;y ;;;-h "ht"ptt 
on" which iI satisfactory should prove

ol some value.
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INSECT PESTS AT ROTHAIISTED AND WOBI'RN, T937

GrNraqr
A. C. EveNs

*"t:,",lll'Tll".lf,ff i#H*.Sufrominsectpeststhisyear.
wheat Mud-beefle *".. o'ot ..potlh."at 

by wheai Bulbfly" ancl

Wm:er

^ The Wbeat Blossom Midges (Silodiplosis rose.llana Gd,hin and

!ffi:** tritici Kirby) *" il*;;;il;;;;;l; ilI;#t
Number oI Iirvae per?6oo ears

C^.t/itic;- ?08 2,658S.rnoscLlnra,. .. Z,SAS 3;46;
_ Mr. A. G. Robertson has carried out a partial suwey of thedeDsity of infection by the L.elworm (Hderoderc schaehtiil onBroadbalk. This survey is discussed belori,. -'- 'e'eta"t I
KAIJ

Flea beetles (Phv obcla snn.) severely damaged the seedlingso.n rosters as thbsd were 
"ni6l,i io sr# ;;"iil1;i-'It#r

9:yg-lh: pl.""i.rinc q,y -p..i.d. rf;;;;;'il iiiiii nli rXia\ras not damaged noticeably ; seed was io_, ; I*;;;' ;"germinated when the adutt 6;rles *"* a"*"".'Uf ii;;;;".. "
BBINs

A severe attack bv the Black Rean Aphis (Aphis rumh* L)caused no obvious di.mage to this crop,'the *.in vi"rJ'oi iii"experimental ptors being i,""t tigh"i't-fi;nH#;'til"';.":"dil't
tfuee yeaxs.

WOBURN

, No seriols pests \sere noticed. The da.mage to kale bv fleabeetles was less than usual. The carrot" *"r. *i-"if""t' 
tb;r;;

fly. (Psita rosae F.) although b"d ;td"k" h;;;'il;;&Hi ff,i"neighbourhood.

Euworur Sunwy
A partial suwey of the density of ilrfection on Broadbalk wascarried out by m.:A. G. Robertso,n i, e"g"si. 1lr"-;;;i;AJ;eelworm cysti is nh deuse enough to ..,i" ar-"".'ii io*c';'i.,;

since eelworm can multiply ,"piJv, ,tt*Io"i,*-i';I'*1r1",,"" "Ij
paid. to certain plots in ihi ."i,t,"'6r tt 

" tiia."fri; #riiiili,#considered by Mr. W. R. S. Ladeu to betr.gi; til";;i_;#;."irffia n_umber of plots, 8 samples, each oI rbo ".-" 
-^i'"^ri' j;::,ji

excluded), were examined. 
- 
Thi .e.urts are siie;-ilel;w*" 

\5''""
_. -\o. oJ rysts per BOO E rrtr. oJ soit in fa ou Scttiott IIPlot No. I 2 gl6 Ot Zt-ar scyst". I er Ir ir ;l ;t,;t ;l'3liili3li3l'll'3ll3l,;l'Biig
-- At- p_resent plot lt has mucb tbe highest population, piois
l? lnd t? being next in.order oI deDsity ; 

'the prb*, 
"" 

Liir,Lr'rti"or- rnese nave an lrregrrar but lower density. -samples ;;; ;i;;taken from each of tf,e fauow sections oiiiJt""il'j"i. if l""ai.slThc results-are given below, op.or"a ".'r*"L.iiffid ";80O grms. of soils.
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Fallow Sectioar ..
II ..

III
IV

0
I
0
2
0

Considerable variation in cyst number is shown along the length
of the {ield but the central Pl6ts U and l3 are consistently hiSher

than the outer plots 5 and 19. There is no correlation between
the density of inf;ction and the yield either of grain or straw.

FUNGUS AND OTHER DISEASES AT ROTIIAMSTED AND
WoBIIRN, 1937

M.mY D. GrYNr{E
Wrrret

Ccrcosbordla hcrbotrichoidts Fron. Iirst recorded in this country
at nothainsted in i935, caused lodging at Rothamsted and in a

number of other localities in 1937. On parts of Broadbalk and on

Pastures field where tbe wheat was very badly laid the disease

was found in 80 to 95 per cent. of the culms. It was most abundant
and todshe most sev-ere in plots wbich had received nitrogenous

-"r*.t" ria in the most reiently fallowed sections of the Plots ;

mineral manures appeared to have comParatively little effect'
\[theat erown unde; 

-different 
rotational and cultural conditions

on othe; fields at Rothamsted shorved much Eriation in disease
;.i.I"r,"": Pennells Piece, adiacent to Broadbalk, was almost free

iii Ctrr WAo and had a-very upright and good crop' These

differences iuggest possibilities for control, which are under investi-
ea'tion. The Ii"t"t i *r. slight on wheat growr on lighter soil at

ivobr.n. tU" firngus was {ound sporing on stubble in the autumn
on Broadbalk and Pastures fields.- Wttlt" Straw Disease Gibel'lhta cereqlis Pass. seems likely to be

of mori academic than Practical interest. It has been recorded in
iialv since 1886 but do6s not seem to have been noted elsewhere

titt it was touna at Rothamsted in 1935 on the alternate wheat and
i"llo* 

"xe.im."t 
on Hoos {ield. It could not be found in the

foltowine'vear when the adiacent plot was under wheat. In 1937,

a few d.iieised. olants rvere {ound in about the same Part of the same

otot .t lt U"d o'..*ted in 1935. We have no evidence regardilg the
urce of infection. The disease causes considerable darnage to

ind.ividual Dlants but has hitherto spread so little that it is not at
oresent resarded as of appreciable practical importance'
' Woi"dnci4 prominis- (McAlp.) Sacc' and D. Sacc', regarded

abroad as a weik secondi.ry parasite, was found in the auturnn
f-itio" oo stubbte on Broadbalk. There have been two previous

{ield re"cords oI it in this country, in Hants'- 
tltitd"* lEmsibfu uamhtis DC.\, was sli8ht at Rothamsted'
Eteot rcb;ic;bs iurtwea (Fr.) Tul.) : one or two specimens

*ere f6und on Broadba[ and Pastures fields respectively'
Take-all lObhiobolus gra*inis Sacc.) was slight to moderate on

winter wheat it Rothamsted and Wobum, being distinctly more

2
l3
4
2
o

I6
t8
16
t4
0

l8

28
42
l8
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frequent where wheat was grown after wheat as on Broadbalk or
after barley as in the three course cultivation experiment on Long
Hoos or after fallow in the alternate wheat and fallow experiment
on Hoos field. The disease reappeared on StackSrard field, Woburn
in the classic experiment having been absent in 1936 after two years
fallow. Its distribution in relation to previous manudal treatment
though less in amount was very similar to that observed in the years
l93l-33. Spring wheat at Rothamsted showed moderate attack
on Great Knott field and on the Exhaustion experiments on Hoos
field.

Loose Smut (Ustilago Tritici (Pers.) Rostr.) was slight to
moderate at Rothamsted and Wobum, there being rather more than
usual. In the wheat observ-ation experiment at Wobum it was more
freqlent on Yeoman than on Square Heads Master.

Yellow Rust (P*ccitia ghtmal$rn (Schm.) Erikss. and Henn.)
varied from slight to moderate.

Brown Rust (Prccinia hilicha Erikss.\ varied from slight to
plentifirl on wirter wheat and was ptentiful on spring wheat.

IraI Spot (Seltoria Titici Desm.) was stight at Rothamsted
in mid-January.
BARLEY

Mildew (Erysifhe gramhis DC.'1 was slight.
_ Ergot,(Claoicaps llttr$rea (Fr.) Tul.) was found on Stackyard
field, Woburn.

Take-all (Olhiobol*s gramitis Sacr.l was corrmorl on Hoos
continuous experiment and Fosters com-rnercial crop, both on land
which had grown barley the previous two years. It was absent or
very slight on barley grown in rotation experiments except on
Agdell where the cropping had been : beans or falon, lg34; ;heat
1935; tumips 1936; barley 1937. The crop was very poor and the
disease plentiful on plots Iallowed in 1934, but less severe ou those
which had grown beans, and had received mineral manure alone or
nitrogen, while the plot which had grown beans in lg34 but had no
manure weu rather badly attacked. The exhausted state oI the
land is likely to be the chief factor favouring Ta.ke-all. The disea'se
was, in general, stight at Wobum, but was moderate ou Stackyard
classic experiment where barley had been grown the preyious -year

after two years Iallow.

- - Brov,'n Rust (Pac+ittia aromala R:ostr-) was moderate to plenti-
ful at Rothamsted.

Leaf Stripe (Hdmidhosforium gramiuum Rabenh.) was slight
to moderate on several crops at Rothamsted and Woburn, but was
apparently absent from others.

Leaf Blotch (R\mchosfiorium Secales (Old,-\ Davis) occurred
occasionally at Rothamsted and Woburn.
RYE

Brown Rust (P*ccbtia secalina Grove\ ) -
Leaf Blotch ' (Rhryhosloriurn Scca.l;s 1Oua.1 O.ri") lbth

diseases were slight at Rothamsted.
GRASSEs

Ergot (Claoiceps fLr[ulea (Fr.) Tul.) was unusually abundant
in 1937 and occurred on the grass plots and on vari,ous grasses
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erowins htween fields, notably between Great Klott and Fosters

il;t?;;'il;;-a'iott"tt" *a ot Alal'c*rtts agrcslrs growing

i.i *".a 
".on* "ugar 

beet, mangolds andkale on Long Hoos and

Fosters fields. it was found in late summer and autunn plentl-

iii" ", Drrrrl;t *r&ilo, not,ut l'attalus and Alalcauus.agr*tis'
fairiv comm6nlv-on Loliwn ?ercn'te a\d Agtory"tt /e?l'ls.,a\q
.'""J.in""tlv oi Atfunatherim aoenoce "t' ErSot was srmllarly

;i"frih;i-# *,ii g;';;'i; tsa2 but had not bein observed in the

intewening years.^*L;;f,.'ii;t;hi"e tvbhita (Fr.) Tul ) occurred on '{g/os"s 
on the

era-si oloti. is usuai being most plentiful on the more acro Plors
ivhereilso l4groslt's was most freqrtent'
CLo'rcR"*i:)'ntoto-" Trifoliorum de Bary was rather common on the

six course r'otation, Long Hoos in the autuml'
'^ ;;'is;;;:i;;;iriiotiorium Etikss ) caused bad,patches on the

.;" ln"t.e rotation eiperiment, Lng Hoos, iB the spnng ana

J"rious auturrur. By }iay the clover was, in general, growmg well

fliii[Itli"E '.rrl't"iiiv in" a'".se were filled bv chickweed'

Bnoao Brex"*ff".""i;il swt (Botlvtis spp ) causing two tlPes o{ lesion' and

R*f ii;;;;'-F;i;(Peis.) dl'Birv) was.slight earlv in the season

ina oioa"i"t" by Augi:st on Great Knott field'

PorATo'""0ft. Iraf Drop Streak ({irst vear sFnPtoms of infection wit'h

"ir.rl"vJ*I?iriri 
I"i,-on ti iotL*"i"a i"'a wou"m on varietv

Allv.*"iof 
Rott was rather common in July on Maiestic from Scotch

seed at Woburn."'ti*" ffiJ'tc orticitott Sola"iBolrrd and Galz') was occasionally

found on Majestic at Wobum.

MANGOLD*i,{ni: 
A little Mosaic disease was found iu the autumn at

Rothamsted.
Sucen Brrr"" "fr;--r]'irct" ** a little Mosaic in the autulnn at Rotharnsted'

LurrN""'i^or;u* a marttm attacked about 5 Per cent' of the luPin

plants on I-ansome Iield, Wobum'
MALTING BARLEY

The fourth C,orrference on the gtowing of-.malting. barley was

hetd on November 24th, 1937 on the same Iines that proved -so

;;;*;i"i'i; ;il;lu.ee p'""io* vears' Samples were. sent in bv

;;;;;-ir;; dt the iniportant barlev growing districts' accom-

31"-#-x.., i''it "..i"ulturil 
details. Th"ese" samples were graded by

#:;;.i .J'ffiiiii.- J 
""t"ers, 

and were th-en disPlaved at ihe
f-";:I#.-i;-;;;r,ide the basis of a discussion of-the. tecbnical

;;;iil;;f ;;.fi s'o*i"e. rh" sradins distinsuished six classes'

fi;;;'ito* iii'iipi"'*ti-is pale ile bar"tevs' and grades. Iv to vI
ffiffi ;J;y..-'rhi paiE 

","g" 
between grades vas about three

shillings Per quarter.
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This year the value of tbe lowest srade was tbree-ouarters of
the hkhest, iastead of one ha.lf as in 

-tSB6 or le,qs thair one halfin 1936.

, .I"l$ w.ere low, but the cash returns per acre were probably
better than for many years,

, . The.sowing conditions were very poor and continued until
late sprhg; but good growiag cooditi-ons followed, and harvest
weather was good.

The samples reaching the malting standard were 2gl, divided
as follows :

Crad.
III IV
612
76
tl
60
62

lr 17
418

D;iict
Norlolk
Suffolk
Esser
Kent
Yorks and Lilcs
E.MidlaDdE,. ..
South
West

Total

Total Mca}
35 1.17
31 2.85
21 3.00
14 2.25
26 4.38rs 3.26
48 3.83
34 3.88

\r vI
104
4-
ll
g3
altr 27t

III
412
34

,1
l3
l3

39

38

12 231

So far as the samples sent in were representative of their districts-
there is a marked effect of locality in the grading results. The Kent
barleys were far above the averi.ge in quiality,"those from Suffolk
aDd -Essex were distinctly bettei than 

-averiee. 
those fiom F_ast

Id.idlands slightly better and those from Soutir'ana We-st sliphrlv
Flow tle average, while those from Norfotk, yorkshire" ani
Lmcolnshtre were below it.

,, The distributioa of the grades showed many more samples in
the tugher grades than in 1936.

.. 5.6 15.6

1936 Gaado A B C D E F
Perceatage ,. .. 2-5 2.9 7.6 tg.g 48.6 20-6

The estimates of yield for the various districts were :

Aoenge YieE, bt shels ?.1 dcrs

Percentage ..

By Dist i.ss
NorlolL
Sufolk
Ess€x
Kent ..
Yotks alrd Litrcs
E. Midlands .. ,.
West . .
South ..

lS37 Gfade I II III IV V \rI
22.9 30.7 19.9 6.2

By @adzs (All Dislicts\
Sfuing Soun A{tunn SosnI,II,III, .. 36 33IV .. 34 28 {2 samDleltV . . 3,1 t6 il sae;b)'vI .. t2

Meatr 1937 .. 34 33
,, 1936 .. 41 39

1937 Meao ..
1937 MiD. oI ARric.

1936 Min. oI ASric.

-. 2a
.. 41.- 34

.. 34
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The mean lelds of the samples were considerably higher thar
the Mhistry of Agricultue estimates. This was not due to optimistic
estimates by the senders of the samples, since this year there rflere

measured (threshed) yields which gave an average oI 36 bushels
per acre, or 2 bushels higher than the average of the estimated
yreld".

Kent, which produced the best samples also gave the highest
mean field, the West gave nearly as high a yield, while the
remailrder were very close to the average.

The autumn sown barleys yielded rather less than the spring
sovn. The best compadson was in Srades I to III, where the
autumn so&Tr barleys yielded 3 bushels per acre less than the
spring sown.

On the other ha:rd, the auturDn sowu sanples were of excellent
quality a-s the following figures show :

S?ai$s Sou,,
Grade

I, II, III
IV

VI

Total

Grade
I,II,III . .

IV

Total

NuEber
?0
66
43
l0

Per cert.
37.0
34.9
22.4
5.3

Per cent.
90.3
6.5

NuEber
2A

2
I

189 100.0

Practically all the autumn sovn samples fell iuto Srades I to III
and less than l0 per cent. into grades IV to VI, wbile of the spring
sowa samples only 37 per cent. fell into 6rades I to III and 63 per
cent. into grades IY to VI.

The distribution of varieties by districts was similar to that
observed in previous years.

So far as the sequence of croppiag was concerned there did not
appear to be any appreciable difference in the quality oI the barleys
following corn as compared with those following sugar beet or
maagolds. Ilowever, the yield o{ bar.tey following beet or mangolds
averaged 3 bushels an acre more than that of barley following
6rain crops.

Pfel)io s CroP

Aurage Yield in b$shels Per a.re

Beet or Kale o
Cor$ Mongolds TurniPs Seeds

No. Av. yield No. Av. yield No. Av. yield No. Av. yield
46342536637533
30 3r t9 34 lr37 637
21 33 937 427 331
330 241 33r 124

r00 14

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-1-69 pp 59

78

The main effect oJ time of sowing is shown between autumn
and spring sowings. Arr examination of the spring sowing dates
shows that very {ew of the earlier spring sowings fell into the lower
grades, Howwer, any eflect o{ time of sowing is rather masked by
the general late sowing in 1937, as shown by the comparison of
the sowing dates of 1936 and 1937.

I,II, III . .
IV

VI

Tinz of S?ti,ng Sowi"g
Feb. trIarch March March 29th- After

Ist-l4th l5th-28th April llth April llth
3616349
2 a 921 23
t-51423

Total 1937 . .

Pe! cent. 1937 ..
Per cent. 1936 ..

crade
I, II, III . .

IV

VI

614
3.2 7.5
1.9 .6

77 60
41,.2 32.0
18.9 5.7

30
r6.0
45.5

The use of manures followed the lines reported in previous
years.

Manui*g
No Artilicials

Manure only
757
833

3

Orga c Orgaaic +
Maoures Artifici,alg

19 l5
17 lr
109
62

Tota.l
Per cetrt. 1937
Per cetrt. 1936

l8
8

11

115

41

37
l7
t2

51

30

Of the 152 samples Ior which artificials were used, just one third
of them used the newer high ar:alysis compound fertilisers.

There seems to be little indication from these fi$res tlat the
use o{ no manure resulted in better quality- When artificials were
used some fonq of nitrogen was practically always included, evea
wheu artificials were applied after sheeping or ploughing in tops.
The average dressing of nitrogen in artilicial form was just under
20 lb. N per acre or slightly less than the equivalent of I cwt.
sulphate of ammonia.

In 1937, out of over 20O sarnples, otrly 23 cases of very slightly
lodged samples were retrnrted, as compared with 2l per cent.
seriously lodged ir 1936.

CHANGES IN STAFF

The Station has unfortunately lost a number o{ valuable
members of staff during the year (see page l0) and serious con-
sideration should be given to the avoidarce of too great a rate of
change. A certain movement though the Institution is desirable
but when chalges occur too frequently a serious loss of time
and money becomes inevitable.
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FARM REPORT, 1937
Weather

The outstanding v,/ea{her {eature o{ the year 1936-3? wa^s the
extremely wet winier and spring. The raiafitl {or the six months
NovemGr to Aprit amouated ro 21.867 inches compared with the
84 year average of 13.553, and for the three months Jarrlary to
March was ovei twice the normal. The total for the year amounted
to 35.859 ircbes compared with the 84 year average of 28.625
inches. The sunmer months on the wh6le were drier tban the
average. The sunshine {igures were far below the average and
eleven months of the twelve gave figures below the average,
although meal temperatures were slightly better thar average.

Weatlw ad. Crops
The weather condiiions very seriouslv affected the work of the

Iarm, for during t hi: first thred months 6f l9S? no la.nd work could
be done. Sowing oI spring corn did not conmence until the end
of March, and even then conditions were not real1y suitable. How-
ever, most oJ the corn 'was sown by mid-April. No harrowing or
rotlirg operations were done to wheat or barley as by the lime the
la.nd ias'{it lor these operations the crop was t5o {orurard. Towards
the end of April and Carly May there was a dry spell with strong
winds which- dried and hardened the surface soil and made it
dificult to get suitable seed beds for root crops. Only surface-
cultivations iould be given as deeper work brought large lumps of
sodden unweathered soil to the surface. Potatoes went in under
bad conditions. The late ploughing and the absence oI fiosts
during the winter made it diftcult to get ev€n a surf-ace- tilth--
Wheibouting took place the plough cut through lumps of cold and
wet soil and ihe seta thus had a poor start. However, subsequent
gro\trth was betler than was erpetted and no bligbt occurred. The
iuo,^". *"" mainly dry and ilthougb this waivery suitable for
hay and harvest wbrk,-the root crops trew very slowly. ,Wheat
croos rioened {airlv evenlv but barlev very uaevenlv ard much
had to'be cut beiore {hi whole {ieid w; properly ripe. The
favourable harvest conditions enabled many of the non-experinental
crops to be threshed in the field, and all non-experimental wheat
and oats were so treated. IIoosIield, Agdell a.rrd the Half Acre
wheat were also threshed without stackhg.

Clnssical, Erperimank
Broadbalk was ploughed only once for the 1937 croP as we

wished to avoid lhe posiible delay in sowirg that would occur if
the second ploughing'was delayed by adverse weather conditions.
The wbeat Brew well t hroughout the year and no apPa-rent dama-ge
was done b, ihe wheat bulb fly. Most of the plots were badly
laid before harvest, the only excepl.ions being the umarured and
raDecake Dlots. The crop on the blot receiving milerals only was
oull"d toih" eround bv vetchlings. The plots were alrnost free
6f poppies and those that grew in the paths or edges of the plots
*eie 

-clrt or hand-puJled, Broadbalk was lhe first crop to ripert
and although bird <lamage occurred before cutting a-nd in the
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stook the damage was far less than in the past lew years. The
field took longer than usual to harvest owing to the laid condition
of most of the plots.

The wheat plaat in the I{oosfield Ilalf Acre was thin ard the
ears were very sma.1l, but agair there was no attack by bulb fly.
Although this area was so\r.n with the same variety as Broadbalk
at the sarne time the wheat was very slow in ripening and was one
of the last pieces of com to be cut,

Hoosfield barley plots were sowrl very late and oaly a thin
plart came through. Growth during the summer was very slow
and the crop appeared very stunted. At harvest time the field
presented a sorqr picture for many of the ears had not completely
emerged from the sheaths and many ears contained little or no
grair. The dunged plot appeared to be easily the best plot on the
Iield. Wild oats and black medick were prevalent on most of
the plots. The plots ripened very unevenly and although cutting
was delayed until early September all the plots were not completely
npe.

Agdell barley presented much the same appearance. Growth
stopped early in summer and the crop turned yellowish. At harvest
time the crop was not more than nine inches high and the undersown
clover was nearly as tall as the barley. AI1 the plots presented
m[ch the same appearance except that self-sown black medick
took the place of the clover on the hal{ to be {a11owed in lg38-
However there was noticeably less black medick on the fa1low side
of the plot receMng comp)e[e manures.

Barnfield was ploughed rather earlier than usual but the absence
of frosts made it rather difrcult to work the land down to a good
seedbed. The culti!'ator could not be used as it brought unwea-
thered soil to the su.rface, and so only surface cultivations could be
made. Quite a good seedbed was finally obtaiaed and drilling
took place on May 8th. The seed germinated well but weeds grew
fast and much hand and horse hoeirg was necessar5r. Singliag was
done rather late and this probably had some effect on the yields,
which were rather lo\ry.

The exhaustion land in Hoosfield was cropped with spring-sowr
Little Joss wheat alter fallow in 1936. Growth in early summer
was exceptionaJly slow despite good sowiag conditions. Fairly
rapid growth took place ir July, but the crop was rather poor and
patchy, and the ears were small. The crop was still quite green in
August and the ground was carpeted with black medick. The
crop was haryested according to the old potato plots in late Sep-
tember, but much bird damage was done both belore cutting and
while the crop was in the stooks.

Moderu futrg-Term E xperimeNs
Fo*r-Course Rotntion. The wheat crop looked poor throughout

the surmer, with short straw a.nd small thitr ears. The ryegrass
and barley v/ere average crops, but the latter ripened unevenly.
The potato land was routh but as the season was rsell advanced
the sets were planted. Growth during the season was slow and
yields were low.
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Six-Course Rotatior. The wheat crop looked well throughout
the summer. The straw was long and the ears large and well filled.
Unfortunately several plots were laid before harvest. The barley
also looked wetl, being a clean, even crop with well-filled ears.
This was the only piece of barley on the farm wbich ripened evenly
and early. The rye grew well and all plots were standing at harvest.
The crop ripened later than usual. The clover plant was thick and
even but no treat growth was made. The ley was ploughed in
immediately after the removal of the hay to give the area a bastard
{allow. The clover undersown in the barley took $'ell. Sugar beet
and potatoes went into a rather coarse tilth and the effect of the
late sowing and poor start lasted until the crops were harvested.

Three-Course Rotatiott (Stuaw ard Gre* Matrure). The barley
showed big plot di{Ierences quite early in the sea-son. The crop

pened unevenly, the plots receMng their manures in 1937 riPening
earlier than those which were manured in 1936. Two Plots were
badly tlamaged by rooks. Potatoes were set under poor conditions
and growth was slow, very little top being made. Rooks started
to damage the tubers and the Iinal earthing-up had to be done early
to reduce this damage. There was a good plant of sugar beet but
grorth was slow throughout the summer.

Three-Coursa Rotatiott (Cultfuatiott). The wheat crop was very
disappointing. The plant was thin and short in the straw, and the
ground underneath became very weedy. All the Ploughed plots
were far better than eithq the tioe or rotary cultivated plots, and
were far less weedy. There was no apparent differeace between
the tine cultivated and the rotary cultivated plots. The barley,
although rather disappointing early in the season, develoPed into
an even well-standing crop with no obvious plot differences. The
ears were well filled and the grain oI good size. The mangolds were
sown on a rather coarse tilth. Ilowever a good even plant was
established which grew well throughout the season.

Attuta) E xleriments
Leys ir lreparaliott Iot @haat. This experiment which was

designed to test the eflect oI dilferent leys and green manures on
the following wheat clop proved very successful and interesting.
The ley plots grew well and yielded a good first cut, and the growth
of the Iollowing mustard or vetches demonstrated clearly which ley
crop they were following. The green crops after the fallow and clover
grew far better than alter the clover and grass mixtues, but the
crops after r]re-grass alone STew very small.

KaJe. The experiment using kale to test the immediate and
residual ef{ects of different forms of organic manure fared badly.
However this n'as not surprising as it was the second kale crop
{ollowing two successive crops of brussels sprouts. The Plant
germinated well, but was attacked by flea beetle which made it
iather gappy. Early growth was quite tood atthough the ground
beDeath veas rather weedy. I-ater, however, the plant stopped
growing and although certain plots showed up as more Ereen than
others, the whole area turned a yellowish colour, and in autumn
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assunred a purplish tinge. Many of the lower leaves of the plants
t,umed brown, withered and dropped o{f, and the whole area had
the appearance of sulfering frorr i. deliciency disease.

Srgar Beet and Ma golds. The sow.ing of both these exDeriments
was delayed until mid-Mar, and sui6ble seedbeds were onlv
oblained with difficultv. Good growth was made durine tfre summe'r
although the mangolds were rather patchv. Both-exDeriments
were attacked by bean aphis earlr.in july ind we.e soriveil with
nicotine and soft soap before muih dainale *as done.' The suear
beet yielded well and the mangolds produied an 

"lr"rrge 
.rop. "

P_otat-oes. Ploughing for this experiment was not finished
until Febmary on account oI the weatEer, and planting was delaved
until the end of May. The potatoes came throueh q"uite well;rd
made good grorth during the summer. plot -diffirences 

could
easily be seen bv the size and colour of the haulms.

Bears. The seed was ploughed in at the end of November
and trew well throughout the surnmer. Growth was strons and
upright, and the crop flowered well. Unfortunatelv an attaik bv
bean aphis early in July did great damage and 

-restricted 
ooj

form.ation. The crop was too tall to spray-and the attack had to
run its course.

Non-exlerime al C/ol|i?.g, lS36-7 .

The ploughing for kale in Little Hoos field was done verv late
and o\ring to the flooded condition of the dung yards and the ,.-oddeo
state of the ground it was impossible to apilv dune to the field.
A .good s-eedbed was eventually obtained blit 

-growtf, 
was slow in

spitg-of the application of five 
'cwt. 

per acre of-nitrochalk.
The wheat in Pastures field looked well early in the season but

turned yellowish during the summer. The eari were rather small
and most of the field was badly laid before harvest. yields were
low.

.Great "Harpe,nden 
field was sown with Star Spring Oats in the

middle of April and despite the late sonins nb frit flv attack
occurred. The crop ripened rather late but vields *"." ..1"."n"-

Foster's field was planned to be sown with sorins beans] but
solying was delayed by weather conditions and pr:essr.ie of exoeri_
mental work. As sowing had not been done bv thi end of Marcti the
c-ropping was altered to barley in spite of the iact that this would be
the third successive barley crop. The plant was rather thin, but
the_crop was even and the ears were of good size.

Harwood's Piece was sown late witf, Rivett wheat, but much
of the seed_rotted in the ground owing to the wet condiiions. Theplant which came through was very thin and weak, and so lhe
crop was ploughed in during early summer and the field was fallowed
for the rest of the vear.

Considerable diftculty has been experienced on our heal.v soil
in past years in working the land dowr-to a suitable barlev se6dbed
a{ter folded kale, especially when some of the kale is reierved for
spriag use. Furthermore, the crop has nearly always been lodsedwith consequent loss of time and crop at- harve'st. This yiai
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after folded kale, Long Hoos was sorm with Abed Kenia -barley
a Danish varietv whicih as it need not be sown until much later
than usual, givei more time in which to utilise the kale and prepare
the seedbedl The straw is also very strong. The seed was not
sown until May IO, but the crop grew welland ripened soon-- alter
the earlier sorin barleys. The stiaw was short and stood well, and
the crop yielded 17 civt. of grair per acre, which was sold at 6O/-

per quarter.

High Field Grczitg ErPeriment
This exoeriment is planned to assess the residual manurial

value of fee'ding stu{fs fa'd to stock on grassland, and the arrange-
ment is descri&d on page 25. In the spring o{ 1937 the field was
divided into three bloiki each of th.ree plots by steel Post and wire
fencing. Water was laid on to each plot, the finch PiPe being
drawn- through the ground behind a mole plough tlrarvn by a
traction engiie. This method proved far cheaper and quicker than
the trenchiie method and has 

-proved quite efficient. After double
chain harro#ng a random half of each plot was dressed with basic
slag at l0 cwt. -per acre. A central weighing machine was installed
with suitable collecting pens.

The season 1937 wal used to develoP the technique and to
conduct a uniformitv trial on all plots. GrMing did not cornmence
until the end of ItIay as the fenci-ng was not comPleted before, and
at first cattle aloni were used. The grass was top@ early in
July and sheep were added to each plot immediately- after this
6peiation. Thd stock was weighed at f;rtniShtly interv'als tbrough-
oirt the grazing period, the water troughs being covered the evening
belore ihe da]- on which the weighing was done. The mixed
grazing continued until the end of September when the sheep were
iemovid. Grazing by cattle continued well into November and
the field was then leit unstocked through the winter. The stock
used in 1937 were Aberdeen Angus x Shorthorn heifers and Half-
bred ewes and hoggs.

Estata Wolk.
About fifty trees were {elled on the {ary during November,

1936, but only badly mis-shapen, dead or dying trees or those that
inter?ered wiih culiural opeiations were felled. The removal of
these wilt help to reduce biid damage to crops at harvest time, will
destrov natural harbourage for weeds and vermir, and will enable
tull usl to be made of the arable fields.

Gra^sslatd

The hay crops were quite good and none were laid before cutting.
All the giss rvis cut bi thelractor mower and swept to the stack
bv a cai sweeo so that-horses could be freed lor other work' The
hiv was made under rcod conditions and yielded good average
crdps. The alterruth -grew well and provided excellent keep for
lanibs aiter wlanilg. All the grass fields whicb \f,ete not cut for
hay were topped, and throuEhout the season there was sufrcient
short palatable grass lor the stock.
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Liwstock
I/orses. Two young Suffolk horses were purchased in the spring

to replace two of the old horses. The old team was kept for a time
after the purchase of the Suffolks to enable us to nlake up the
arrears of spring work.

- CattJe. The cattle policy, started in 1929, oI keeping Dairy
Shorthom colys to rear several calves each during their lactatioir
did not prove successful. The high labour and feeding-stuff
costs, the diftcutty in obtainirg suitable calves at the right time,
and the time taken by the poorer calves to grow to beel were the
main causes of failure. This policy was abandoned in 1934.
Between 1934 and 1937 the cattle reared in this wav were sold
and t$'o lots of Irish cattle were fattened oIf.

The policy norv being adopred is to make hardy cows of the
beef tl4)e to a similar tl4,e oI bull, and allow them to rear one calf
each during the surmer. The cows out-winter without receiving
concentrates and calve dosryr out of doors in the spring. The
calves run out at pasture with their mothers during the sunmer
months and are weaned into sheds or yards in the autumn. The
calves can then either be sold for box fattening, as stores, or be
kept on for fattening, whichever promises to pay best. This policl
makes us independent of many of the price fluctuations, and reduces
costs to a minimum. Fifteen Kerry heifers were purchased and
bulled to calve in the spring of 1938, and Blue-Grey (white Short-
horn x Galloway) heifers will be purchased and butled to calve in
the spring of 1939.

Slwe!. The investigational work done between l93l and lg35
is now being examined statistically and a report of the results oI
this work will be pubtished in the 1938 Station Report. No further
investigations wilt be undertaken rmtil the results oI the previous
work is known. In the meantime the flock, which had become very .

mixed has been severely culled and replacements have been made
by Scotch Hal{bred gimmers. It is now run as a commercial
flock for the production oI Iat lambs.

Two Hampshire tups were used for the 1937 lamb crop and the
lambs produced fattened rapidly to good stocky lambs well suited
'to local markets. For the 1938 lamb crop Hampshire tups only
will be used-

The 1937 lamb crop averaged l per cent. Crnditions during
lambing were bad owing to the incessant rain, and this combined
with the lack of sun gave the lambs a poor start. The wet cotrditions
gave rise to a lot of udder trouble and sore teats in the ewes.

Fift1, Sulfolk ewes were purchased in the autumn of 1937 as the
foundation flock for breeding pure bred tegs for the lligh Field
Graz ing experiment.

Prgs. A large number of deaths of small pigs occurred during the
winter and early spring, and the primary cause oI death was
pneumonia, brought about by damp and draughty beds, and
unsuitable buildings generally. Throughout the summer the pigs
did quite well. Other buildirgs are now being converted into
farrowing pens to minimisc losses of small pigs.
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No futher experiments will be carried out in the individual
feeding pens as aithough they served their PurPose in develoPing
the indiiidual feeding method of experimenta.tion, they are qurte

unsuited to Present-day requirements-
Althousti no bacon coniract was in oPeration, pigs were sent

to the bac6n factory, and the following table shows the percentage
grading retums for 1937 :

Total
delivered

Under-
weight

Motor hoe.
Hay machinery.
Cake breaker ; root SraPPer.
Swathe turner.
Potato sorter-

Class Class
CD

Class Class
AB

l04i7lZzl,-z

Shus S*ccesses

At the Hertfordshire and Bedfordshire Bacon Competitions we

"nt"i"d 
one oair of pigs and secured the {irst prize in the class, and

the reserye itrampionlhip for the best pigs in all cliasses' At the

Redbourn Ploughing Mafch C' MePham secured the first prize for
turnout and L. Stolies third prize for ploughing.

Bnildings
The new Ad.co building and feedirg boxes were completed during

the vear. These will enible the Adco for the exPeriments to be

mad6 and stored under suitable conditions, and dung for experi-
ments to b€ made and stored under known conditions.

The oair of Dew cottages were completed and provide much
needed a'ccommodation for stoclsnen who must live on the farm'

A new shed has also been erected by farm labour to house

ploughs and hoes, etc.

Stalf
J. B. Matthews spent a year on the farm as a voluntary worker'

Irn?leneds
We now have at the {arm a collection of farm imple-

-eni" *hictt have either been Presented or loaned to us by
manv of the leading implement manufactu-rers. They form a source

of sr-eat interest to the many parties of practical farmers who vlslt
us."and cletailed information ionceming the quality of their work
and their suitabilitv to our land is Siven when required' 'lhe Irrms
*ho h.t" helped ri to make this collection and to whom we are

indebted are as follows :

Allen & Simmonds, Ltd'
Bamfords, Ltd.
E. H. Bentall & Co., Ltd.
Blackstone & Co., Ltd.
Cooch & Sons.
Cooper, McDougall & Robertson,

Lid. SheeP-<IiPPer.. .

Cooper, Pegler & Co., Ltd. SPrayrng machlnery'
The Cooper-Stewart Engineering

Co., .rta. - Sheep sbearing machine.
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The Dawewave Wheel Co-
Dunlop. Rubber Co., Ltd.
R. G. Garvie & Sons.
General Electric Co.
I{arrison, McGregor & Co., Ltd.
J. & F. Howard, Ltd.
International Harvester Co., Ltd.
A. Jack & Sons, Ltd.
R. A. Lister & Co., Ltd.

Miller Wheels, Ltd.
G. Monro, Ltd.
Parmiter & Sons, Ltd.
Ransomes, Sims & Jefferies, Ltd.

Ruston, Homsby, Ltd.
J. Wallace & S6ns, Ltd.
J. Wilder.
W. A. Wood & Co., Ltd.

Oxlord Institute of Agricultural
Engineering.

The Harvest Saver & Implement
Co-

86

Tractor wheels.
Rubber wheels, pavircg bricks.
Grass seed broadca^ster.
Electric motors.
Root pulper, manure distributor.
Ploughs, potato digger.
Drill, manure distributor.
Root &ill and hoe.
Oil engine, sheep shearing

machine, self-cleaning Rrass
harrows.

Tractor wheels.
Motor hoe.
Rake and harrows-
Ploughs, cultivators, grass

rej uvenator.
Grain drill, binder.
Manure sower, potato planter.
Pitch-pole harrows.
Mower, spring tine harrows.

Automower.

Prime Electrical Fence.
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METEOROLOGICAL OBSERVATIONS

Meteorological obsenntions have been systematically made at
Rothamsted ior many years; these records are being used in ihe
Statistical Department in interpreting crop records. The Station has

co-ooerated i;r the Agricultural Meteorological Scheme shce its
inau'guation by the Ministry of Agriculture in 1926. and Possesses
all tfre equipment required of a CropWeather Station.

The {ollowirg observ-ations under this scheme are ta.ken daily,
at I a.m. G.I{.T. :

Ternbenlures--anaxjt\um and minimum in screen, minimum
on erais.4 inches ard 8 inches under bare soil, dry and wet bulb
in icreen : Rahfall---8-inch gatge; S*nshine-4uration by
Campbell-Stokes iecorder ; Wiather-Beadort lelters ', Wind

-diiection and {orce ; Visibility ; State of Gro*rd.

These. tosether with notes and observations of croP grollth, are

*"d ir, dt"Gns up the weekly statement for the Purpose of the
Crop Weather neport of the Ministry of Agriculture.

The above observations are supplemented by the following
records, Ior the use of the Meteorological Omce :

Barofieter and, attached, Thermoneter : Solat ,naxi,,tu,n* ;
Temberature---l foot under bare sotl: Claud-arnoutt, Iorm and
dii.itior,; S*rshi*e-hortrly values of duration. Witb the
exception oI the last, all these observations are also taken at
I a.m. G.I[.T.
The following additional observations are also made, to maintain

the continuitv oi the Rothamsted meteorolotical records :

Tembe)atures trder grass at 4 inches, 8 inches, an<I I foot,
taken it 9 a.m. G.II.T.; Wittd-4iteclion and force at 3 p.m.
and I o.m.. G.M.T., taken from chart o{ recording anemo-
biagrapir : kainlalb4-inch gauge taken at I a.m. G.M T.

Ratiatiott.-lt Callendar Radiation Recorder (on loan from the
Imoerial College of Science) gives a continuous record of the radiaJrt
eneiev fallins 

-on a receiver aituated on the roo{ of the laboratory.
Thei'ecords ie compared with those lor South Kensington, and are

also used in plant physiological studies in the Station. Recently, a
Gorczwski itadioiteier foi measuring the radiant energy of the
sun lias been instaUed, under the Agricultural Metmrological
Scheme.

Raitfal.l and Drainage.---The rain falliag on one-thousandth
of an a&e is collected irithe big gauge erected by I-awes ia l87l'
Samples of the 'rater are analysed in order to ascertain its nutrient
value.

Three clrail gauges, each o{ one-thousandth o{ an acre in area,
orieinallv install-ed Lv I-awes in 1870, and fitted with continuous
rec"orderi in 1926, girie the drainage through 20 inches,40 inches,

and 60 inches of uncropped and undisturbed soil. A continuously
recording &inch gauge is used in coniunction with these.

.D*6tiou.d octob.r. 1935.
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. Eoaforation.-The amount of water that eraporates in hoursfrom a porous porcetain candle dipping ini; 
"-'b"iit" ;i ;;i.;;measured dalty by the loss in weight. This measurement has beenlound to grve a good general indication of the.,drvins Dower,ioI tne atmosptrere durirg rainless periods which. beiirs ioirtrolledDy \Mmd, radration and humidity, is diftcult to coi.rpute fromstandard data.

,.Almosfhcric Pollulion.-A gauge {or measurinp the amount ofsolld matter deposiied from the atmospbere has-been in use for
some years ir connection with the scheme of ofr"rn tio". 

"rr"nnJby the Atmospberic pollution n"sua..t Co-^iii"";i ;;. il;;;ment oJ Scientilic and Industrial Research. h f.Ur"-r-. iSIi. .gauge for mea.suriog atmospheric sulptrur aio"iae ;;;fi .;ilp.
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