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REPORT ON THE WORK OF THE
ROTHAMSTED EXPERIMENTAL

STATION FOR THE I'EAR 1930

The purpose of the Rothamsted work is to discover the
principles underllng tbe facts of a€ricultue and to put ttre know-
ledge thus gained into a form in wbich it can be useh bv teachers
experts anil farmers for the upraising of country Ut" "ia tn" ir*
prdvemert of the standard of farming. This purpose has remained
unchanged during the 87 years of life of the Stati6n, a steadfastness
which experience has amply justified. A prografilme drawrl uo
solely to suit a particular set of economit c-onditions become!
obsolete when the conditions change and the results mav then be
of little use; but accurate ir:formation properly gained ind. tested
always has value, and with this at his dispo-sal ifri farmer is better
able to adapt himself to new circumstartces.

The Rotha"msted investigations are concemed mainlv wittr
crop production aDd utilisation; they involve the $o$.th- of the
plant in health and disease, its nutrition, its reactioi to soil and
climatic conditions, aud its composition under various couditions
The knowledge thus gained is ap:piied to problems of soil manage-
ment, fle use of fertilisers, the control of plant diseases and i-he
value of the resultilg crop. The work involves pure science on the
one hand and commercial farming on tbe other,'and it necessitates
cG.operation with both groups of workers. Happily this is freely
grven; on the pure science side valuable help comes from the ereat
scientific institutions, the Botany School oi the Imperial Co[ese.
the Biocbemical School at Cambridge aud others; on the practiiai
side help is freely given both by farmers who allow us wittiout cost
to make experiments on their farms, and by expert users of the
crops who give us or enable us to obta"in iniormition about their
requkements so t}tat vr'e can try to find ways whereby farmers can
produce what buyers most desire.

Nco Datda[me -s on the Fatm. Two important new rotation
experimeuts have been started, particulars of-which will be found
on pp. 125-129.

By the courtesy of Sir John Flett, Director of tbe Geoloeical
Survey, Mr. Henry Dines was enabled to visit Rothamsted"and
re-examine the geology of the farm. His report is siven on p. 59-

During 1930 the equipment of the farni was e;eattv imiroved-
The Committee spent somi {2,000 in purchasins ive st6ck. iencine
aDd equipmeDt to make the futlest use of the iew srass land. anX
t"he -Development Commission gmerously g.r" a frot of 41,ZOOto allow of much needed additions to the -farm Ufilaings afrd'tfre
hying on oI water to ttre fielcls.
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Th1rkq a]so to tle sy'mpathetic co-olxration of the North
Metropolitan Electric Power Supply Company, the farm is now
to be connected up with their system. The ["ilrlings lie well olf
the track of the sripply cables, nivertheless the comilnv has been
good enough to erect a special line, asking only a nohiial guaran-
teed revenue, in order ttrat we mav bs abE to investis;te the
possibilities of using electricity in agficulture. The work-will lall
itrto three divisions :

(l) Use oI appliances already koown to be effective, so as to
gaq experience with them, to record their performalce
ard to see how they compare ia convenience, effectiveness,
and cost with tbe older apoliances. Tbese will be fullv
denonstrated to all agricuitirists interested.

(2) Tests- for electrical engineerc and implernent rrakers of
pronisjry electrical devices not yet ia cornmon use about
which more information is wanted.

(3) Investigalions of possible new applications of electricity
in agdcultue.

It is hoped to begin work during the coming season.
The Committee has been fortunate in obtainhg much valuable

assistance from the General Electric Company and from Mr. R.
Borlase Mattlews, the well kaown electricalexpert.

THE FIELD EXPERIMENTS.

CEREAI CROPS-BARLEY

_ 4" gtqgw '!adc irr 1930 from the chief barley merchants in
England, showed that about 65 per ceDt of the 6arley grown itr
England is sold for malting, a further 20 per celt is sold lor seed,
chicken nrixtures, barley meal, etc., and the remaining l5 per cetrt
is retained ou the farm and crushed or ground for the animals.

This 65 per cent of barley sold by ttre farmer does not completely
satisfy the m€ltsters demancls. OnIy about one half of the barley
used for maltiug is British gro\rrr.; the remainder comes from
overseas. It is obviouslv imDortant that the farmer should trv to
supply as much as possible, and witb this end in view the Insti'tute
oI Brewing has since 1922 carried out extensive investigatioas in
co.operation with Rothausted and the Nationat InStitute of
Agricultural Botany to furnish all necessary hformation. The
saqples of barley grovm in the various experiments are malted,
aad tle more promising are brewed, so as to discover the effect o{
soil, 

- 
season, manuring and variety on the maltiag aad brewiag

qualities.
The characteristic of the season 1930 was the large response to

Ditrog€nous manules, and the small returns from potlsh and
phosphate. This held true of all ttre centres, with minoi variatioas.
At Rothamsted the increase was of the order of r$ o*t. (9 bushels)
9f grain, aDd 4l cwt. straw Ior I cwt. of sulphate of a.rnmonia ; ai
Woburn the retum was even higher: ovei ll bushels of grain.
Phosphatic and potassic {ertitsers, on the other hard, gave no

1 "B.Dort oa tlte Asricultural Output aDd Food SupDlr6 ol crcat Britai!. ' 1929. Uiaistrv ot
A€xi.rlt E. Th. proDortroo! hry .s bet\r een br.rrns ta disrrllilr : about i.hie-IiItla ot tL. 6ar r
6.<l io btEila is troE Bntisb groft brrlcy, as a8aist oo.-rhird6, the matt ed rn distjuiEs.
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increases i.n grain on either farm; indeed healy dressings of phos-
phate appeared slightly to depress the yield of grain at Woburn,
as had happened il some of the previous years. The stra\f, was
increased, though barely sigdficantly, by phosphate, especially
at Rothamsted; possibly also, tlough not significantly, by potash.
The figures, set out side by side, are as follows

Var,.ing
:{utrietrt

St aw: c$t. per acre
.. 23 27 30 23 35
.. 30 3r 39 37
.- 30 33 40 36 33

Wobum
light soil

Doses of Nutr:ietrt

0r2s1
Grai-o : cwt. per acre

13-6 18.9 18.2 20.7 23.0
22.O 22.1 22.1 tS.4 20.5
I9.3 20.7 t9.6 2t.l 20.4

Skaw: cwt. per acre
29 36 37 48 45
36 38 37 38 39
33 33 33 34 36

Nikogen
Phoq)bate
PotassiuE

Nitlogetr
Phosphate
Potassium

0l
Graiir :
2t 25

.- 2A 2E

.. 30 33

2al
cwt. Irci acte
27 22 31
27 25 26
40 36 33

In another experiment at Rothamsted (p- 134) the retums from
nitrogenous manure lrrre lower, and less tha.a l,ast year.

On the light limestone soil at Wellhgore the return from
nitrogen was as high as at Woburtr and there was a further retum
from potash, ard a still further retum from potash and phosphate,
though not from phosphate alone. The result is similar to that o{
1929, except that the lelds are smaller and certain $nall effects
then observed with phosphate alone hardly appeared in 1930. On tle
fight chalk soil of Sparsholt the nitrogen was less effective, giving an
additional 4 bushels per c*t. sulphate of ammonia. Phosphate
and potash were ineffective exceptitrg only where nitrate oI soda
had been used. On the light chalk soil at Wye muriate of potash
and salt had no effect on yields of grain or oI straw.

Of the nitrogenous manures nitrate of soda was most effectiye,
as in 1929, excepting only at Wellingore where it was no b€tter
than sulphate of ammonia or cyanamide. At Rothamsted, cyana-
mide was less effective than in 1929; the diftculty of applying it
to barley is that it should be put on the land a lew days before
seeding, but this proved impossible. A method sometimes advocated
on the Contineut was therefore used, and the cyanamide,was put
on three days after the seed was sown. The result shoned that
this is not tbe proper way; we should in future put on ttre cyana-
mide first, and harrow the soil before drillhg the seed. In this way
no time would be lost, and the risk oI damage to the seed would
be minimised. Whenever possible a few days should elapse between
harrowiag in the cyanamide and sowing the seed.

The effect of the phosphatic fertilisers rras tested on the ex-
hausted land of Rotation I (Iour course) : superphosphate proved
considembly more effective than rock phosphate.

Behaviour oJ Differnt Varieties of Barley. For the past two
years Spratt Archer and Plumage Archer have been sown in alter-
nate strips in Hoosfield so as to compare their behaviour towards
tle differeat fertilisers. The differences are small, but the experi-

Rothaested
hearT soil

Dos€s of Nuhient
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ment is being contirued. The method is in lgBI being adopted onthe permanent barley plots at Woburn, plumage and -Archrir 
being

here compared.

,Elf4. * Qu-alitjt. The effect of nihogeuous fertilisers on vieldaoo qp+ly 9t t"be grartr is weu illustrated by a series of experirients
::ryi _"9 

oll"g the.tiree, years _1927 to t929, comparing tbe effectsot r and ot Z cwt. of sulphate of ammonia.
The l. clvl. dressiry ;aised the leld by g to 6 cwt. of erain Deracre, and 3.6 to 7.2 c\rt. of straw wittrolt i"iurv to tbe'"it d;content, 1,000 corn weight, or ma.lting propuitl i. T;;.*t.-?;

acle or sulphate of ammonia, however, added little to the vi;ldand considerablv iniured tle quality. The fig"r;;e-J"J;--il
Table II.

The chemical factors involved in qratill.are discussed on D. 55
. flSuttttg to/ Quatig. Tbe general iesulti .i th" ;p"rir;i; ;;
as tollows :

(f) Early sowing is essential for high quality.
(2) fhe. precgdiag crop is not of great importance provided theland can be cleared in time. A cereal crop is the most con_venient because it allows arnple tirn" ioi p.ep".atio".-- eroot crop fed off ha.s the disadi,antage that ihejand ;;y be

occupied too loug.
(3) Modern.varieties-of barley stand up to nitrogenous ma.nures

better than the older ones. It is tlirefore o,ite ur*"".*""r,
to withhold manure. The farmer shorJd aih ai h*;;;J,
and so long as ttre treatment gives a good *;;;:.r;h;
that showr in Table II, by I cwt. sulfhate of amrnonia. nonarmlul ettect oD qua.lity need be feared.

( ) \ate! clover is sowtr in the bariey a dressing of muriate oI
pglTh (l crlt. per acre), or 30 pei .*t pot fi ^-*" ,.fL(-ll-z clrt.-per acre) may benefit the barley and will helo the
ctover rn the Dext year. If ttre land receri{v had a &asinp
ot superphosphate none need be given to ttri Uartev ; oilerl
wise a dressing of 2 cvt. per acre'should be given. ' ----'

T^BLE Il.-Effect. of Itrcrc.-siat ADoutrts of Sulpbate oI AEmonia oD th.yreto atrd gualjty oI Barley at RothaEsted.
yir.U.

i
rwt. p€r acre. i
1028 I 1029 I

cwt. Per ade.
t028 i 1929

cwt. per afie.

Quditf of Belct.

20.1
23.1
25.2

14.3
17.8

l l.8
t 7.0
r 8.9

NoBe
I 20.3

23.9

39.7
39.6
37.O

I.464
L459
1.482

15.,1
2t.4
12.9

21.4
32.1
34.5

34.8
s4.0

36.0
35.6
34.6

NitroSen per c€trt. oa drv Eattef,.tg21- Plots I i028 , tg2s ,

All Plots. . Malted. I

1.468
I.461
1.488

1.470
1.5t0

1.928
2.045
2.17 4

38.2
38.1
37.2

\r,eight, dry-
. 1928 i 1929
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Extiact, lb. per barr€|, otr drv
S/A.8. - Datter.

26

Quakty of Mdl.

1929 I 1927

Diastatic Pow.'r,
LiBtder.

1928 1929I lg27
I ptots 

I

I Matted I

Noa. | (09.6) I

lcwt/ac I (99.1)
%*ti ac I (0t.1) l

1928
l

oo* |

ss-o I*, 
I

n,

I 98.8I saz

I se.e
tolurtio,

lg27 t

Pror. IMaldl
(€.5) |

(30.5) |
(4r.0) |

I
of Badct

64.0
69.0

1928 tS29

Mdt.
Shillings Fr qr.

38.5
38.0
41.0

Colour.
1927 I l92r

5.4
3.S

4.2
1.0
4.7

ond Mal.

4.8
4.8
{.8

1929.
61
64
51

1028.
12)
(r)
(3)

1927.
68
68
68

S/A-rn.
Barlcy.

ShiuiDgs pcr qr. of 4,l8lb. of 3361b.

NoDe
I cllt/ac.
2 cwtla..

-lvors.-The ba'acket€d Ualt Extr"acls atrd Diastatic Popcls rE er to thc
results o! siDtle plot saEples others are meaDs of rcplicates-

Diastatic Power is deprc-s.sed with Locreasitrg colour.
The 1028 Malfs were toted as " uosaleablt " by thc valucrs. but pla,@d

ia tie relative order givco in brackets.

WHEAT
No crop is more discussed than tiis. It is easy to 6row and it

is especially suited for the somewhat dr5r regions which in Australia,
Canacla and Russia are now being populated; hence a large in-
crease irr ttre amount grown ard sent to tlese shores.

We could, however, grow much larger quantities ourselves il we
desired. The present method of growirrg wheat gives about 33
bushels to the acre which is quite unprofitable.- Considerabll'
higher yieltls, however, are possible. Recent Rottramsted experi
ments have shown the remarkable eflects of a sullmer falow in
raising the yield ; where rents are low the cost is sma.ll, the necessar]-
cultivations being done entirely by tractor. With the ordina4'
metbods our highest yields, as shown ia Table I (p. 22) were usualll-
about 37 bushels per acre lrom 1920 to 1925 (excluding 1924) ;
since then they have been 50 to 55 or more. The 1930 GrAt Krott
crop yielded 27 cwt. oI grain (50.5 bushels) per acre, and &t c\et.
of straw on the umanured land ; uitrogenous top dressiags added
notling to the grain and 8 cwt. to the straw, which caused the crop
to lodge. The preparation had been a fodder crop folded by sheep,
which had paid for itseu, then the summer fallow. In these cir-
cumstances one might expect damage from the wheat bulbfly
(Hylemya coqrclat4 FalJ), and it was present and destroyed many
tillers, but there still remaiaed a good crop.

In another experiment, made in Long Hoos fietd, the wheat
followed a seeds ley. The yield without nitrogen averaged only
15.2 cwt. of grairr (28.4 bushels) and 21.9 c*t. o{ straw. There had
been much loss of plaut during the wilter. Four varieties were
tested: Square-Head's Master, trIillion III, Yeoman II aad Swedish
Iron; of these the Square-Head's Master gave the lowest yield,
l3.l cwt. of grain per acre, and Swedish Iron as in 1929 t}re highest,
18.5 qrt. per acre, but on all alike nitrogenous manuring, whether
applied early or late, was almost ineffective. Muriate of ammonia
applied late appeared somewhat to reduce the yield both of gr-ain

1527.
38
4t
39

1928.
37

37

1S29.
35
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and of straw. Sulphate of ammonia apptied tate gave a better
tncrease of straw, and possibly of grain, than when applied early,
t-hus a6reeing witl the results of 1026 and 1928. but ooposite io
those of 1927 and 1929. In the Great Knott exoeriment ihe small
differences !n result, associated with diflerenci in time of appli-
cation of the fertilisers, \rere not in ttremselves sisrdficatrt'iut
were in the direction of the 192? and Ig29 results.

- 
On another experiment in Hoos Iield the unmanured wheat gave

o-nly 14 cwt. of grain per acre (26 bushels) and 22 cr,rt. of straw;but
there was a considerable response to sulphate of ammonia (1.8 cwt.
per acre)-the yield rising to 20.6 cwt. i,t gr.ir, 1ae.Z Uustilsl ""a29 cwt. of straw-

. A new experiment in the management of the wheat crop was
tried. Now that we have gone in e-xtensivetv for sheeD we a.re in
constant need of fresh graz-ing land in sprine. It is tlierefore im-
portant to know bow far one ian safely fblloi the old Hertfordshire
custom and traze vheat in March or April. This was tried in IgB0
on Long Hoos field; part of the wheit was grazed on, part was
left ungrazrd.- -The _urrgrazed portion yielded fS.T cwi.'of gain
per- acr€ (29.3 bushels), and the grazed portion lA.6 cwt. (25.2
bushels), a loss of 4 bushels of grain and 4 cvt. of straw together
worth 20s. at selling price; theiralue as grazing was estimaied by
the farm manager at about the same pricd.
_ The -quality of the wheat is assessed by Dr. E. A. Fisher oI the
Research Association of British Flour i{illers, St. Albans. He
finds that the Rothamsted v/heats are all somewhat poor in quality,
the Broadbalk wheats especially so. None of the methodj of ii-
creasint -the yield has improved the quality.

Aroih€r important investigation lias been begun, thanks to the
co-operation of tbe Dunn Nutritional Laboratory at Cambridge.
Dr. Harris and Dr- Iloore propose to examine sampies of our varidG
wheats for vitamia content.- The results pro-iie to be of great
interest, and they may open out entircly neiY lines of work. "

THE FALLOWING OF BROADBAIK WHEAT FIELD
The year 1929-30 wa-s the first in which the whole of Broadbalk

wheat field was again under wheat a{ter the four vears i.n which
parts had been fallowed. The crop was harvested in five portions:

I and 2 The upper two fifths ($'est end) {allowed LSAtt-1927,
then cropped.

. 3 - _ lhu nidtlle fifth, fallowed lg2&1929, then oopped.
4 and 6 The lovr'e! two fifths (east end) fallowed lSZi:tSzS,

then cropped.
We therefore had in 1930 a crop grown after two years, fallow,

atrother alter four y-ears'Iallow, inE a thAd after iwo previous
wheat crops. The yields are given on pp. lg2-3.

Jhe_ fin! crop ilter the fillow wd exceptionally high, with a
ra_tio of $ain to straw well up to the average. Th-e edeit ot tte
fallow, however, was only trai.xient; both eH and GrainlStraw
ratio- rapidly fell; in ttre second year the yiild was approximately
gqPal to the average and ia the tlird year' after fallow- it was weilploy Jhe weeds are rapidly coming bac}' Alop.curus a.,llasti,
is already established.
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Dr. Breuchley's observations show ttrat the value of bare fal-
lowing Ior weed eradication depends largely upon the spcies it is
desired to eliminate. Some species, as Shepherd's Pwse (Capsclla
Bursa|astotisl, which gerrninate and flower throughout the year,
are not reduced by fallowing, because they grow and form seed so
quickly that ttrey re-stock the ground in the interval between
autumn ploughing and the first spring cultivation. Others, as
Popgy (Papaz'er sp.), have so long a period of natural dorma.ncy,
that they leave enough viable seeds ir the soil to yield a big crop
even alter the fallowing. On the other hand, Black BeElt (Alope-
curus agrestis) and others with a short period of dormancy, are so
reduced by fallowing that they can be kept within bou.nds; suft-
cient viable seeds are, bowever, left in the ground to recolonise the
land rapidly unless adequate cultivation be given.

Fallowing also improves the phlsical condition of the soil. It
had so marked an effect on the tilttr ttrat we ryere able in the first
year of cropping to obtain a seed-bed u/ith no more cultivation
than harrowing, However this effect soon passed away, and i]l
the second year the seed-bed was no more easy to oblain than
usual; it was less fine than in the first year.

It is proposed in future to continue the separate hawestings
and to continue the fallowirrg indelinitely but in a somewhat differ-
ent rvav. In 193G.31 Strip I is being fallowed (the west end) ; in
f93I-32 Strip 2 will be fallowed, and so tlroughout. In each year,
therefore, one-fifth of the Iield will be uader iallol' ard four-iifths
under crop, of which one-fifth is in the fi$t year after fallo$., another
in the second year, and the others in the third and fourth years
respectively. This will give opportuaities of studving the eifects
of fallorving and also of keeping the field clean.

POTATOES
The variety planted was again AIy. It yields less on our land

than Kerr's Pink, which we grew from l92l till 1926, but it matues
earlier and fits in better wittr our programme oI autumn work.

There were two sets of experiments, both in the same field and
with the same variety; in oue the maximum yield was ll tons, in
the other with equally efrcient mixtures of artificial fertilisers, it
was 7 tons only. The heavy yielding crop had had farmyard
manure, the other had not. In genera.l one would not have expcted
so marked a difference', but in 1930 the crop receiving Iarmyard
manure continued growing well throughout the la.tter part of the
season, while the crop without it weakened early and became
smothered in weeds, ma.inly chickweed (Stella/io ,ftedial; no
fertiliser scheme helped much, although no fewer than l3 were
tried; the yield witlout nitrogen, like that u/ithout potash, \I.as
4 tons per acre; this was raisd to 7 by the heaviest clressings oI
artificials. The number of plarts per acre averaged 14,760. Itr
the other set the crop gave a yield of 7.5 tons from larmyard
maDure without any artificials. One crt. sulphate of ammonia
gave an additional 30 cwt. of potatoes as also did 1.0 cwt. sulphate
of potash so long as suficient superphosphate was given, otherwise
tle illcrea.se was only 24 cwt. Superphosphate (3 c.rt. per acre)

! S.€ Report lotrg23-r,lr pp. 120, 1rl, Jd.nd 1921.12, p. 9'l
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gave the very satisfactory increase of 36 cwt. of Dotato€s Der acre
so long as there was sufrcient nitrogen and potait; witli irsum-
cient quantities tle increase was only ll cx,t-. The results are as
follows :

Sulphate ol
Potash, or

equivalcnt
per acre

7.65 I 8.12
7.8,1 | 9.29
8.01 I 9.53

lIearl 8.57 toDs.

SDlphate oI
ABrrotria, cwt.

per acre.

luaqc yirw in tors lc, erc.
Witlout PhoBphate. I $rit! Phosphate.

012
7.89 8.32
8.30 9.84
8.86 10.25

Mea! 9.3? to[s.

8.78
9.00
9.22

9.75
10.18
I1.00

Geoeral mea! - 8.97 tons. Sta.trdard eEor for above table --{.216 toss
ot 2.40 per cetrt.

Mcarl nDmbe! oI platrts per acre. 14,3,1I.
AI plots received farmyard EaDur€.

As betweeen the various potassic fertilisers sulphate of potash,
mudate- of potash and potash manure sa.lts all gav! approxiinately
equal lelds when used with a complete fertilisei. Wfti, howevei,
superphosphate was omitted tle muriate and the manue salts
were less effective than the sr:lphate suggesting that the potato
needs sulphate 

-a. 
well as nitrogeir, potassiim, a.id phosphoti:s; a

resull also obtained at Woburn fu. f62).
The maximum leld was Il tons per acre; it is remarkable how

often ttris figure fia-s been attained'as tle bighest on our farm.
The number of plants per acre was about I4,i00.

No quality determinations were made ttris year, but chemical
atralyses were made of the tubers of ttre heavier crop. The per-
ceotage of dry matter in the tubers was about 29 a it was 

-not

affected by nitrotenous, or phosphatic manuring, or by sulphate
of potash ; it was. bowever, loriered by chloridis: tius ootasU
manure salts in the larger dressing loweied it from 2B.g p& cent
to 22.1 per cent. The nitogen content of the tubers was about
0.3 per cent; it nas raised by nitrogenous but lowered bv ohos-
phatic and potassic manuring,-a-nd bf the chlorides ; it n-i, how-
ever, leas!_affected by sulphate of potash. The figures are given
in Table III.

TaBLE Ill-CorDpositioa o, Potatoes as influeaced by Manurhq.
Potatoes, Long Hoos, lgl}.
PerceDtage of Dry Matter.

Singte
Potash

l,lo SuperphoE)hate given.
No Single , Double

S/Amm. i S/AmE. iS/A.mf,.

Superphosphate giveD.
No , Sinsle Double

No Potash
ISu]phate

SiDgIe I Muriate
Potash lPot3-sh SaJts

(Sulphate
Double , Muriate
Potash lPobsh Salts

Mean

Getreral Maatr

22.54

22.55
22.82
23.39
22.2C
22.43

22.64

22.72
23.56
22.91
21.99

22.91
93.87
22.9a

23.2a
92.51
22.O5

22.83
23.26

22.35
22.61

93.l4
22.95
23.04
23.15
23.68
23.03
21.9S

23.51
22,97
22.54
22.59
23.11
22.8t
21.71

29.87 I 22-93 | 22-58 22.13 | 23-00 | 22.8L

22.A5
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Potdo.s, Long lloos, 1030.

Perceatagc of NilrotE[.

No Potash
lSulphate

Sbgle I Muriate
Potasb tPotash Salts

No Superphosphate giveD
No SiEgle Double

S/Ame. lSiAmm.lS/AEE.

Superphosphate giveo
No i Single Double

S/A.6m. I S/A;m. SiAom.

.320 I .342

.318 | .288

.298 I .333.322 .322

.258

.293

.295

.330

.286

.295

.320

.3r3

.318

.321

.3t6

.286

.294

.342

.33r

.317

.334

.331

.310 |

.354

.350
_335
.35S
.358
.322
.334

.:i t0

.324 .338

.3ll .323

.2s2 I .318

.312 | .323

L ttl1r mdrk - I I I IMeatrs I 1.316 t.126 l.sol

General Vean I I ttzz
1.357 t.416

r.365 l

tsdpbate IDoubleJMuriat I

Potash I Potash Salts 
I
IMeaD 
]

C,etreral MeaE I

S*rrnary of Pot&ssic Ma les : Mcdn of all.

Aaoutrt oI K2O
cwt. per acre-

Dry Eatter: per NitrogeD per ccEt.
cent. in tubcrs. in frcsh tubers. io dry matter.

0.329
0.310
0.317
0.0028

Notre
o.4
0.8

Staadard error

23.1 i

23.0

0.10 I
I

t.42
1.38
1.39

ElJcd of Diffcrctt Sars.

Dry matter per ceDt.
in tubers.

Nitrogea per c€trt.
irl {Iqsb tubers. in dry Eatter.

Amount of K,O
cwt. per acre 0.4 0.8 0.4 0.8 0.4 08

As Sulphate
As trIuriat€
As 30 pe! c€[t.

P.tI.S.

23.0

22.4

23.3

22.r

o.316
0.316

0.321

0.334
0.3r0

0.307

1.36
1.37

1.11

t.43
r.36

r.39
StaDdard errors 0-17

The potatoes at Woburn (also Ally) yielded even better than
at Rothimsted grving up to i3 tons pdr acre. The most marked.
effec-ts \r'ere from nitrogenous ma.nuring; phospbatic and potassic
fertilisers had less eflect, contrarjz to expectation on t"his fuht soil.
In another experiuent cyanamide aud iulphate of ammon"ia were
found equally effective, as also w6re superphosphate and basic
slag, compared on the basis of equal amouaG of nitrogen and of
phosphoric acid respectively. Another experiment iadiiated, like
the one at Rotlamsted, t}tat a certain amount of sulphate, in the
forrns of sulphates of matnesiun, potassium and calcium, had been
beneficial; larger amounts, however, were not (p. 152).

.321 I
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In our Rothamsted and Wobum experiments we have com-
monly obtained very satisfactory yields from the following mixture
of fefoIsers : "

l0 tons farmyard uanrue ploughed under in autumn or
winter.

3 or 4 cwt. sulpbate of ammonia.
3 or 4 cwt. sulphate of potash.

4 cwt. super. (17 per cent P.O")
applied il the drills at the time of setting tbe seed; the 3, 3, 4
mixture correspond to the proportions IN : 2.5K.O: lP,O..
Where muriate of potash or potash manure salts are used insteail
of tle sulphate the amount of chlorine (C1) should not be more
thar double the nitrogen (N).

Jxperiments were also made at other centres in various parts
of Eogland. The most striking result bas been the marked benefit
from superphosphate, the average increase at the seven responsive
centxes per cwt. of 36 per cent super. (17 per cent P.O.) having
been 12 cwt. per acre ; the same figure as is obtained at Rotiamsted.
Thc actual iacrease varied; at one of the centres the response was
only 3 cl!.t., at anottrer it was crrt. ; at three centres there was
no response. The average increa-ses for the past three seasons Iler
9w.t.. o! 16 per cent superphosphate (17 pe[ cent P,O.) are given in
Table IV.

TaBI-t Iv.-IDcre-ses iD Yield oI Potatoes per cst. o{ 36 per cent. super.

r028

2
l9
I
I

_14

* British QueeD: Rilrg Edward gave Do increase.
Details are given oE p. 00.

The result at 0$mby Clif{ is especially interesting because it
rd apparently depressed the yield in 1928, awas here that super. had apparently depressed the yiefu in 1928, a

result similar to t}tat at Kirton. In 1929 it had no effect. and in1929 it had no effect, and in
1930 it ha-s ircreased the yield. However the depression may have
been caused, it is obviously only ar exceptional occurrence and we
are not yet prepared to account for it.

A number of experirnents have now been made to ascertain
how heavily a crop can advantageously be fertilised u'ittr super-
phosphate. In general ttre effect depends on the level of nitroger
and of potash giveu, and the broad results are (l) that these two
fertilisers can act well only when tle crops are sufficieotly well
suPPlied with phospbate; and (2) that superphosphate is effective
even in large dressings where the Ievel of crop production varies
from I to 14 tons per acre-the usual case in good potato districts

-but it had little actioa where the yields Fithout it, or with only
a small dressing, were below 8 tons or aboye 14 tons per acre :

Wisbech
Stowbridge .,'Woburtr
Rotiamsted
Owmby Clijf

1030

v
t2

8

l0
l3

24

r929

6

6
Nil
I

_
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Average yield, toEs per acre.

4
8
5

6.92
9.97

15.37

6.54
ll.l9
15.39

0.66
11.40
15.80

Yield o{
No. oI

SEper. given.
Double I

*heD oaly one
do6e of super-
phospbate was

8lvetr.

Single
dose. dose.

BeIoEStoDs..
9-14 tons

Above 14 tolls

. 
The details aI€ tive{ io Table V the .,dose ,, is usually 2 c$t. 96 per

cetrt. supe!. Pet acre.

T^Br-E V.-E lect of Supef,phoq)bate olr Yield of potatoes: Tods per acrr-

Y. CeDtre. Soil.
No

Super.
5lngle
dosel ruple

dose.

1927
1928
1928
1928
t929
1928
1929
t929
t928
1929
r930
19S0
ts30
1930
r930
1930

t930

1930

Wobum,
Wobums
StowbridSe, NorIolL
Owmby Clifi, Lincs.
Owmby Clifi
Batrgor
Bangot
Midlad A8ric. CoIl-.wisbech.

Wisbechr
Owmbv Cliff
MidlaE'd Ag::ic. Con.
Wisbecha
Wisbech,
Haverford1xest
Nateby (Ilacs.)

welshpool

Bouraes

Light sand

Bhcil fea
Oolitic liDestoae

ri$i $a;iy
loaD

Ltht loaro

Y":'

Huugry saDd
Mo6s soil ia deep

Fat
Coutrty School

ga.rdeo
Light black len

4.06
t2.25
8.10
8.r8
7.42

t5.78
t4.68
8.00

16.s8
1r.67
11.37
10.03
13.18
t6.27
7.94

9.21
9.18

10.22

4.10
13.43
10.05
6.?9
7.44

15.62
14.23
7.42

17.32
t2.48
12.10
10.98
14.14
15.60

8.21

9.54
r t.64

3.96
14.00
r0.97

7.31
18.12
14.63
7.83

t2.a2
I t.85

9.05
14.42
r6.39
9.68

9.50
13.29

t2.07

4.08
14.69
t2.57

7.30
16.03
I4.66

7.97
t7 .7 5
l3.tl
12.34
9.70

I4.62
I5.93
9.96

9.44
12.36

12.18

6.65
1t.77
15.80

: S:nCle dose usually 2 cwt. superphosphate per acre.z King Edward. SiEgle dose !t cwt.
'Slogle, double aDd treble doses, unit 3 cf,1. in this case.
'British gueetr. SinSle dose Jl cwr.
s Single dose 2l cwt.

Both at Bourne and at Wisbech 5 cr*t. of super. gave profitable
returns: 1.85 tons of potatoes at t}le former, and I.24 at the latter
centre; at Wisbech, however, the response was confined to British
Queen and there was no gain with Ring Edr,rard. These differ-
ences in behaviour of different varieties are now being studied.

At Boume the first 2 c!!t. of sulphate of potash -increased the
yield of- potatoes by I ton per acre, and the iecond 2 cwt. gave a-
further increase of 16 cwt. per acre, both profitable.

Perhaps the most drarnatic resdt at the outside centres is that
obtained at Tunstal by Mr. A. \1'. Oldershaw on a light sandy
soil in Suffolk, reckoned- as hopelessly bad, which vet whe"n chalke"cl
and given a dressint of 3] cwt. superphosphate alnd 4 cwt. nit ate
of soda per acre, yielded over l3 tons of potatoes per acre.pilally, in experiments on light land at Biggleswade and at
Burford, and on heary land at Hull, we this year compared inor-
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gadc with organic manuring for potatoes, testi.g dried blood
aEarnst su.lpbate of a.mmonia and steamed bone flour agaiEt super-
o,hosphate. On the light land there was no differeuce-in effectl on
the. heary soiJ the organic fertilisers were distincfly inferior, super.
Sr"i"S I S tons more than steamed bone flour, 

-and 
sulplate- of

ammonia 0.83 tons more tha.n blood on yields of about- 10 tons
(Table VI). The organic {ertilisers certaiirlv require little }now-
ledge for handting, ana tley are convenient ior g'iraen use, but we
h-ave no evidence that they ever act better than, or even as well as,
the artif icial f erti.lisers-

. The effect _of the bulky organic manures, farmyard manure and
rotted shaw, is shown on pp. l3Gl.

SUGAR BEET
The variety grown was again Kuhn ( Iohnson's Perfection).

The average yieki of washed roots was the iime as last year; tbe
percentage of sugar was slightly higber while the yield oi tops was
considerably higher. It was a good growing seaso:n and the-leaves
did well but the roots could noi keep pace. The resutts brine out
strikingly the variation in efrciency of the tops from seasdn to
season, and their low eficiency as compared with that of the
mangold. The results of recent years bav6 been:

Maryolds.t

I Yidd of
I top" i"Y*. I toDs
I Fr acte.

Yield of
roots ia

toDs
Pef acre.

I part
o, toP
!na.&es
oI root

Yield oI
to,ps itr
tots

per ade.

Yield ot
roots itr

tons
p€ acre.

I part
of top
makes
of root

ts26 I 25.23
lg27 I r0.s2
r02r I u.43
lg29
1030
Meln I 12.4r

0.16
6.4t

12.loa
3.38
g.16
7 _43
1.44

0.48
0.31
0.80
t.37
0.81
0.76

6.06
3.80
6.01
3.94
4.23
5.02

22.43
r3.42
25.22
20.67
26.78
22.50

6.25
3.46
6.83
5.25
4.30
5.O2

(a_l Th9 {igules Er!€tr in the lg26 Report oD p. 14! are for rtrwashed b€et.r Bar ield. Plot 4 A.C.

The yielcls of tops vary a good deal according to s€r_son and
ryquring, but tle yields of roots vary much less., The root is
able to keep pace wittr the top up to a certaia stage, but then it
can do no more, no Eatter how much the top grows. Mangold
roots, on the otler hand, can continue growth much further and
so keep pace wittr the better leaf grow6 of good seasons. This
restriction or congestion of the roof of the suiar beet mav result
Irom its constitutiotr; its sap is so highly coicentrated tf,at new
soluble material from the lei may noi readily enter so that the
process of traaslocation from leaf to root may be considerablv
retarded. Increased concentration of the leaf iap might improvi
matters; this may explain tle special value of sal-t as a terti[ser.

The manurial results show t'hat tle leaves behave normallv
giving their full increase with fertilisers, but ttre roots do noi.
Thus in Rotation II the yields for varying dressings of nitxogetr
Pere :

1 Etclodira 19r? ,rh.r! th. lailue -as du to very !rt. so*ioa.
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Cwt. N per acre applied as SulPhato o,
:unmottta

Tops, tons p6r acre
Roots. tons pet acrc

0
7-3
6.3

0.16
9.3
7.1

0.30
7.8
0.0

0.46
t0.6
8.0

0.00
I t.7
1.0

Calculated to b&sis oI 231b. N.

Yield without added Nitrogeq.
Roots, I Tops, I Sugar,

I[cr€ase per 231b. N.

Neither phosphate not potash had any important effects on the
roots or tops eittrer at Rothamsted or at Woburn. One general
result up t6 tle present is that sulphate oi amrnouia app-lied with
ttre seedusually gives an iacreased yield of root which is still further
increased by pot-ash manure salts or by muriate oI potasb atrd salt
(Table VII1.- Nitrate of soda usually gives a greater increased
vield of rotit, but there is Dot always a furtber gain by adding
iotacric fertiliser and salt; apparently its soda exerts some bene-
Bcial effect. The effects at Rothamsted are not very great; a
dressing of 231b. of nitrogea, the equivdent of I cvt. of sulphate
of amionia, or ll cwt. nilrate of soda, ta-s usually given an ad-
ditional 6 to I cwt. of roots, and 12 to l7 c&t. of tops per acre. At
the outside ceDtres t}Ie figures are better, tle roots having been
increased on the average by 12.3 cwt., and the leaves by 23-O cwt.
per acre by a dressing contxining 23 lb. nitrogen :

Mean of l? coElpadsoDs et Outside C€ltres, lg2$-30.

ToDs. Toos. I per c.Dt.
Roots, Tops, Sugar,

Per ceDt.

cent.

. Ile actual 
'ates 

of applicatioD w€to eittrer 40 or 091b. N. pd acre.

T^Brr VII.-The Eflect oI Potassic Fertilisers atrd oI Salt o! Sutar Beat at

Sugar,

lverage lncrease per I cfi
potash or salt fertilisels.

(a) No potasb or salt in basal dr€sBiB8:

l{€arl oI4 e4)ts. rMuriato of pota-sh ..
,, ,, 3 expts. asalt ..
,, ,, 3 expts. lMuriate ad Sdt Mir-

turc..
I expt. 20 per

Sdts
(D) Salt i[ basal alressitrS i

9.6
14.0

0.6

0

2.O

7.6
8.6

0.6

0

l2.o

0.10
0.21

0.14

0.10

0.10

1T?o only tor tops.
,O[e oDly for tops.

These various points are well illustnted ia the experiment made oa
Messrs. Wilson's larm at Colchester on a good sugar beet soil
(pp. 166-7).

It does not always happen, however, tlat uitrate of soda is
supexior to sulphate of ammonia ; at the Count5r School, Welshpool,

EII^.J oJ Nit/ogenots Ma vrcs.

the outside ceBtres in 1029 a.Dd 1930.
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in- 1930, in one of the most accurate experiments yet made, ttle
sulplate of-amrnonia came out superior $. to9l as it tua aori" 

"tRothamsted in 1929, when muriati of potash, dlt, and suDer. were
also given.- [e a5e n9t yet io a position to put forward ; g"n";"l
recommendatron lor the manudng of sugar beet. As a basis for
experiment rve should suggest, per acre :

l0 tons farmyard manure applied in autunn.
2 cwt. nitrate of soda.
3 cwt. super.
3 cwt. potash salt all applied at or before seeding,

The effect of 2 clrt. salt should also be tried instead of tle potash
manure salts. Possibly new varieties will be more responsiv! tlhan
the preseut ones, but our whole scheme of management mav be
unsuitable for ttre crop. It is possible that the ;alditional s"alitre
matenal taken up by the root from tbe fertilisers. and remainins
in solution in the juiies of the root, adds to the aih.,rtlr rfE#
of sugar from the leaf, and ttrat the proper wav of fertiliiins sus;
bgt,lvoul{ be from the exchangeable'baies in t'he soil *t.&-fr8;
soluble salts_; ttris may explain the continental preference for
pxttlng on tie maDures some long time before the seed is sown so
that all unwanted ions cam be raihed away.

. The average percentages of sugar at Rothamsted and Woburn
have been :

1098. I t920. 1930. ll Meaa.

RothaEsted
Wobr.rm

17.4
r6.7

r7.6
18.0

18.4
l7.l

17.6
19.4

17.8
r 7.8Wobr.rm

No detcrEhatioEs ve!! made h lg2? o*itrg to losness ol yielit.

The sugar contetrt is only slightly allected by phosphatic or
potassic manuring; superphosphate, however, slieitli raised it at
Woburn, bottr in 1929 and in 1930, wh,ile Dotassic- feriiliser had no
effect. At Rotharnsted superphosphate did not alter ttre sugar
conteut in 1929; potassic fertilisers slightly raised it except whire
nitrate of soda was given.

The one result that almost always emerAes is the lowerinp of
the percent€e of sugar by nitrogen6us manires. lt is not nies-
sarily large; in the preceding years the reduction has avera,sed
0.15_per cent; in 1930 it wa-s 0.05 per cert only.

The loss of plant was not heavy; the proircrtion actuallv ot!.
tain4 was 9n the average 98 per ient of the 'number 

expectLd at
Rottramsted as compared witli 84 per cent of those exiected at
Woburn.

The figures are, per acre :

Number of platrt9 harvcsted
Pl.ads obtained a-s ,;;t g" of Oo.. e"-

Fctcd

36,280
34,634

g8

32,0@
26,795

84
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FORAGE MIXTURX CROPS

Forage mixture crops have the great advantage that tley catr
be grazed in May or June, cut green in June or July, made into
silage or hay in July, or left to riPen, cut in August a.nd threshed,
when the straw can be chaffed and the grain crushed. No otber
crop, not even Brass, is so elastic in its uses. Being sown annually
the early graziag, if it is used, is always clean; ttre land.can never
become " sheep sick."

The mixtures at present irr use at Rothamsted are made up ol :

Bushels plr a4fie.

.. tWheat, Oats or Barley .. ..

Peas or vetches 2

t

Other proportions are being tested.

The vetches, wheat, winter oats and beans are sown in autumn.
The peas bave to be driiled in spriag ir an autumn sown oat or
wheat and bean mixture; the barley and spring oat mixtures are
entirely sown in spring.

In 1930, the first year oI the trial, the barley mixtures did
b€tter than the oat mixtues in yield both of hay and of g:"ain,
though not of straw, but there was little difference between peas
and vetches. The barley mixtures gave, without manure, good
hay, containing 26| cwt. of dry matter per acre when cut early, or
22 cwt. of grain and 24 cwt. of straw when left to ripen ; the ad-
vantage of leaving the crop to linish its Srowth is considerable, but
not quite as great as it looks, Ior after cuttitrS the hay there still
comes up an aftermath which gives clean fresh grazing, or the land
cam be summer fallowed lor a \f,inter crop.

The manuring oI the fodder mixtures, however, is difficult,
because it involves some entirely nelv principles. Any fertiliser
that is added is likely to benefit one constituent more than the
others, increasing its growth and also its power oI competition with
the otlers; the favoured plants tend to cron'd out the rest
exactly as has happened on the Park grass plots. This is well
illustrated by the effect of sulphate of ammonia. Applied at the
rates of I and of 2 crt. per acre it greatly increased tle growth,
especially of the barley mixtures; with these the larger dressing
gave a line looking crop of 38 cwt. of hay or cwt. $ah and
32 cwt. straw. But analyses showed tlat the gain was entirely on
ttre barley or the oats; not at all on tle peas, vetches and beans;
indeed these had been actually depressed by the manuring. This
change affected the feeding value of the product. In place ol a
foodstuff having nearly the same proteir value as good meadow
hay, we obtained one oI much lower value, though it was better
than poor hay or straw. The results are grven in Table VIII.
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TABL! vIII.-Yield and cohposition of Bixed crops trowD Jor roddcr aad

Nitrogd added itr ,na!ule,
cwt. pe! actc.

Yield of dry matter, cwt. per aqo-
Oats-Vetcho.
Oats-Pea.s . :
BarlGy-Vetchca
Barley-Peas

!ficall
Pcrcentago coEpcitioD ol dry Eattcr of

aU dixtut€--
Piotein
Solublocsrbohydratrs ..
Crude Fibre ,. ..
oil
A6b .,

PdEeutage by seight of leguDiDous
plaats i! bay

frguDiDous plaots, cr.t. of dry Elatter
Per ac!!

Cereab, cwt, o, dry matter per acle ..
Nilrogetr in crop crt. per a6'ne . .

oit
Ash

Very good I C,ood

r 1.3
47.9
30.7

2.9
7.2

32.4
34.1
37.8
38.9

25.3

I l.?
10.2
32.S
2.4
8.8

31.8

0.6
48.8
32.6
2.6
6.5

36.E

8.6
40.1
33.4
2.6
6.4

20

28.8
0.44

27

8.7
23.t
0.41

4t

10.3
l5.l
0.42

l6.l
48.2
23.O
3.6
9.2

8.8
4,r.6
3S.r

1.8
6.8

In yield oI grain tle barley mixtures responded somewhat to
potassii fertilisers, but the oat mixtures did not, and there was
little if any response to superphosphate. Different combinations of
manures aie being tested ihii season; there is clearly much to be
learned about the manuring of tiese imPortant crops.

A second forage mixture of rye, beans and vetches in Pastures
Field cut as hay gave substantial increases, up to 20 cwt. per
acre but not beyoDd, to sutphate oI ammonia, and iucreases up to
lO cwt. per acre but not beyond, to potash. There were no irr-
creases, however, to phosphate. The yields were, in cwt. of bay
per acFe :

Rothamsted

Varybg
Nutrietrt.

I{ay : cwt. per acre
Doses of Nutrietrt.

Nilroten
Phospbato
Potassium

SEEDS HAY
The " seetts ley " sown at Rothamsted is pure clover without

aclmixture of grasies; the reason being that ,ind"t o* conditions
oI larming, tbe fritfly (Oscinella (Oscinis| lrilL.\ and otber insects

75
69
6l

65
a4

Cornfosit;on of M.atlou lfar, (T. B. Wood).
Poor.

0 I 2 3 4

56
7l
69

66
66
69

i4
69
68
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may winter on the grasses and pass over to t"he cereals as soon irs
spnng apf,ears: they do not suryive on clover, however. Usuallv
the-seeds,ley receives no manure except what may be given to thi
barley. Our general experience has bein that a dri:ssir:iof sutphate
ol ammonia may depress the clover while potash mav help ii. In
the Long Hoos experiment (Rotation II) iert iser is giv"ir to th"
clover itself + a top dressing in spring, ind here quitE a dilferent
result was obtained; nitrogen greatlv increased the vield. ootash
slightly increased. it, but pf,ospEate had no cffect. ifre yiita. of
dr)r matter were, in c[t, per acre :

varyirg
Nutiient.

Dry matler c$/t. l)er acre
Doses ol Nutrient.

Phosphate
Potassium

0 I 2 3 1

35
34
36
36

42
36 39

36

Nitrogen
Phosphate

To convert these figrues into hay they should be raised by about
one-fifth-

In another eq)eriment on Hoos Field the unmanured clover
yielded 12 c\*t. dry matter per acre (eoual to about l5c$t. havl-
while a dressing of superph6sphate, iruriate of potash, and 2 c#.
sulphate of ammonia raised it [o 22 cwt. drv mat6r or about 26 cwt.
bay-^and. heavier dressings yielded as muih as 42clt. dry matter
or 50 cwt. bay per acre.

. Evidently iI ever 
-ha-y were needed there would be great scope

for manuring the seeds lev.
These results appear io be contradictory to tlose eiven bv the

earlier experiments where ttre manuring was siven to" the birlev.
There is, however, no contradiction. -e m*1ure of barlev arid
clover responds very differently from pure barlev or oure cloiver to
manures. SuJphate of ammoiia favo-urs the birlev'more than it
does ttre clover, so causing the young barley to mak6 more visorous
growt-h and to crowd out the clover. With the pure clovjr this
element of competition is absent, and so lons as thi croo is not too
weedy there seems the possibility that it'could advintaxeouslv
recerve nitrogeDous malure. Possibly there would be less flxatioi
of nitrogen from a manured crop thal hom one receiving no nitrosen
but in these days.of cheap nitrbgenous fertiliers tnat frint is ot"tess
importance than it was.

EFFECTS OF FARMYARD MANURE: HoW L0NG Do
THEY LAST ?

. Two sets.of exlxriments, one at Rothamsted and one at Wobum,
qrve useful information on t}ris subject. The remarkable result is
the persistence of the effect when ihe farmy2l6 manure has been
given suftciently often. Of three plots of 

-barlev 
on Hoos Fieta.

two had farmyard manure every yeai from lg52 ti; I8?1, both beins
treated exacfly alike, the third had tro manure. This unmanured
plot and one of ttre manured plots have remained under the same
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treatm€nt down to the present clay. In 1872, however, one of the
manured plots ceased tb receive its larmyard manure and it has
been umanured ever since. That was nearly 60 yea.rs ago, and
yet this plot gives a 5O per cent higher yield than the one which
Lad had no farmyard manure during those early years. The results
in bushels of grain per acre are given in Table IX.

TaBr.l IX.-Hoc Field FrEa[6ut Barley: avcrage yields of dless.d corD,

1i72-
1876

1817-
18El

1923-
1030

11.4

20.3

10.4

39.2

21.0

r4.3

For 1029 and lg30 ttre yields als total cortr in 661b. bushels.

There is no evidence, however, that applications of farmyard
manure made only once in four or five years persist for any length
of time.

Conparisoa oJ Farmyard Marurc uitJt AttiJiciaJs. It is much
more difficult from the Rothamsted and Wobum data to comPare
the values of nitrogen in farmyard manure with that in the artificial
fertilisers. Over ihe early period in the Broadbalk wheat field
(1852-1864) before the weed complication beca.me serious, a dressing
of farmvard manure contaifling 200Ib. nitrogen per acre gave a
sreater iield of wheat than 43 lb. of nitrogen in autPhate of arnmonia,
"but a little less than 861b., and distinctly less than l29lb.; tle
equivalent values seem to be 80 in sulphate of ammonia and 200 in
farmyard manure, d.e., I in sulphate of a"mmonia to 2.6 in farmyard
mzulure.

On Bamfietd mangolds the equivalents are 125 in sulp-hate o{
ammonia and 200 in farmyard manure, i.a., I in sulphate of ammo-
nia to 1.6 in farmyard manure.

ORGANIC MATTER AND SOIL FERTILITY: A NEW
CONTINUOUS EXPERIMENT. ROTATION I. FOUR COURSE

ROTATION

It has long beeD recqinised that the return of straw to the soil
in ttre form it larmyard manure is a most valuable method of
maintaining and incieasing soil fertility, while straw ploughed
under the ioil wittrout previous rotting is harmful.

Investigations in ttri Bacteriologicil Department described in
orevions r6oorts. have shown that tbe harmful effect results from
in absomti^on oi soil nitrate and ammonia by the ortanisms dB'
composin! tho straw, and can therefore be avoided by decomposing
the straw before ploughing it under.

9.4

6.3

26.5

16.8

bugheb per acre.

49.6 | 60.8

39.r I 2S.2

13.5 I 14.4

Fer6yaid lnalErc
each year, 1862-
l03r

FaEoyard Eatruro
eachyeai, 1862-
l87l

UDDaDur€d sitrce
1872

Unmasured all the
time
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Where far,myard manure is easily and cbeapiy made it affords
the best method of doing this, but increasing numbers of farmers,
spg"ially oyerseas in British Africa, Austrilia, the West Indies,
and elsewhere, cannot make enough of it and need some other wav
of converting straw into manure. The method of artificial rottini
was worked out in the Rothamsted laboratory by Messrs. Hutchin--
son and Richards, and was applied on the large icale by the Adco
Slmdrcate; lt ls provtng very successful, requiring only a cheap
rutrogen compound and water. Straw so treated has lost all its
harmful effects and possesses higb fertiliser value.

After various prelimhary trials a rotatiou experinent (Rota-
tion I) was started at Rothamsted in 1929 to cdmoare farinvard
manure witb straw rotted artificially, with straw ploirehed in aione
with the necessary. nitrogenous compounds to piom6te decomp,ol
sition, and with artificial manures.

The rotation consists of Iour crops: Barley, Clover and Italian
Ryegrass, Wheat, Swedes.

The ryegrass is included to lessen the risk of clover sickness
which on the Agdell Rotation Field has sometimes caused t}re crop
to fail altogether. The ryegrass wil.l, however, provide a host plani
for Frit fly (Osctudla (Oscinis) lrit L.); to djtisate this dineer
the crop--will- be ploughed in after the first cut oihay and bef6re
the midtlle of August.

There are five treatments :

l. Farmyard malure.

.. .2. Straw decomposed artificially before being ploughed in
(Adco compost).

3. Straw ploughed in without preliminarv decomposition.
artificial manures, however, being applied.

. .4. No organic- matter; artificial rnanures only, the phosphate
beint superphosphate.

5. As 4, but the phosphate is ground mineral phosphate.
Each crop is grown ever5r year, and each is followed bv the next

in the rotation. The field thus is divided into four sectioirs each at
a different stage in the rotation.

Each section is divided into five blocks of five plots each. Each
plot receives one of the five treatments once in iive vears_ Onceit has had this treatment it receives no more for tie next four
years,. when the original treatnent is repeated. In anv one vear
only one plot in each block, five in all, 

-are 
treated, a.id eacir of

tlese receives one of tJre five treatments; thus all five treafuients
are represented each year. In the course of the five vears the
whole rotation ha-s parsed over the plot, and wben tlre fr'fth vear
comes and tbe treahent has to be r-enewed, the crop to receiie it
is not ttre one tbat had it before, but the next in the rotation. Each
plot has the same-crop in every fourth year, and the same manurial
treatment every fiIth year; it thus bas the same crop arrd the same
manure only once in 20 years.

Five blocks o{ five plots eacb give 25 plots for each croo- and
for the four crops t"here are I00 plots in ali.

. Thi! i. Eodifi.d s I.r ar concerEi th. .ulDh.t! of.oEoda .od Du.ht ot @teBh rtv.tr rolh. Dloi. r@lvillt phGph.tlc ,.rdl!r.6 (!.. p.i! r2r):
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In any one year tiere is no replication of the plots, but at the
end of 2O years there will be a five-fold replication for the five four-
course crop cycles, and the lour fivecourse manurial treatments
will then be completed.

Useful idormation will be forthcoming each year, but a Par-
ticularly valuable lot of data susceptible of full statisticd treat-
ment will be available in 1949.

The cost oI the experiment is being generously defrayed by
Earl Iveagh. Full details, and the lirst year's results are given on
pp. 125-7 and 130-1.

THE EFFECT OF WEATHER CONDITIONS ON FERTILISER
EFFICIENCY

The eflect of weatler on fertiliser elficiency and crop leld is
studied in ttre Statistical Department. The rainfall at Rothamsted
is lowest in spring and highest in late autumn; the peak of the
curve is in November, but it has not always been so; forty years
ato it was at the end of September, and seventy years ago at the
beginning of September. The peak is possibly now moving back-
wards again and we may be reverting to a period of wetter early
autumns and drier late autumns; a movement like this has appar-
ently happened before; the somewhat xanty records sqgest that
it happened in the eighteenth century, and again in the rniddle of
the nineteenth century.

A detailed study of the effect of rain, inch by inch and month
by month, on the Rothamsted wheat under different schemes of
fertiliser treatment, has already been made, and now the same
methods have been applied to the Rotlamsted barley. Th9 rain
faliing in the six months when barley is not in the ground is iust
as important as that falling while the barley is growing, but the
effecti of rain in different months vary with the manurial treat-
ment. The plants on potash starved plots 2 O and 2 A seem
specially to suffer after a wet winter.

Temperature is less important than rainfall, but it plays a
great part in the early daysbf the plant 1ife. On the average a rise
in soil temperature of l"F shortens the time between sowing the
seed and ippearance of the plant above grouad by one day lor
spring sown- cereals and by l! to 2 days for autumn sown cereals
al Rdthamsteal. Swedes aird iurnips, hbwever, are not affected by
soil temperature, it being usually suftciently high by the time they
are sown. In order to obtain further information on t}Iqse weather
relationships, and dso on the very important problem of the re-
lation between quantity of fertiliser and croP Srowth, a second
rotation experiment has been set uP. The rotation consists ol six
courses: -(r) Barley; (2) Clover hay; (3) wheat; , (a)
Potatoes; (5) Forage crops (rye, beans and vetches), followed by
mustard and then rye, both of which are ploughed in; and (6)
Sugar Beet. The area urder each crop is divided into fifteen Plots.
Of-these, five, chosen at random, receive nitrogenous fertjliser in
var1ring amounts, one plot receiving trone, one receiwing one unit
areisine, a third receiving two unif dressings arrd the fourth and
fifth reieiving three and iour dressirgs respectively. Another five
plots also chosen at random receive potassic fertilis€r in varying
imounts, ald the remaining five receive varying quantities oI
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phosphatic fertiliser, the dressing for both sets being 0, l, 2, 3 and
4 units as for the nitrogen group. A basal dressing h given to each
$oup of plots. Each year each plot receives one dose less of the same
manure as in the preceding year, then it receives none, after
which it receives the full quantity of one of the other ferti-
lisers, and then proceeds to receive one dose less, as before; after
another five years it receives the third fertiliser. This procedure
avoids the distubances caused by cumulative efIects. Thus in
the first year the five plots of the nitrogen group receive respec-
tively :

4 3 2 I 0 doses of N with 2K and 2P.
In the secoad year the treatment of ttre first four is :

3 2 t 0 doses of N with 2K aad 2P,
while that of the fifth is 4 doses of K or P witi 2 doses of the
otber two fertilisers. At the end of the fiIteenth year the manurial
cycle is complete and each plot is back to its original manurid
treatment.

By the fifteenth year, however, t'}re third rotation is half way
tlrough its course. After thirty years the second marurial cycle
and the fifth rotation are botl completed, and the whole begins
again, v'ith the difference that one stage in the rotation is omitted
before proceeding as before.

As ir Rotation I there is no replication of plots but the error
can be estimated by comparing the yields for different quartities
of each fertiliser with a smooth curve.

The data vill give valuable information each year, but a
specially {ull and detailed investigatiou will be possible after thirty
years, when an exceptionally complete set of data should have ac-
cumulated. The details are given on pp. 128-9.

GRASSLAND
Marurlhtg of Oasdard. Fertilisers produce three distitrct

effects on 6ra-rsland; up to a certain point tley increase the
quantity of their particular nutritive element in the plant (?.9.,
nitrogenous fertilisers increase the nitrogen, phosphatic fertilis€rs
increase the phosphorus, and potassic fertilisers increase the
potaasiun); they may ard often do increase the growth and they
usually alter the herbage, encouraging some kinds of plarts more
than others.

Nitrogenous manures have thei greatest effect when applied in
spring; they suffer considerable loss when used in auturnn. Given
in February or March tJrey cause a rapid uptake of nitrogen in the
plant shown by a darkening of t}re greea colour; if tle soil and
other conditions permit tlis is followed by an iacrea-sed $o\dh oI
young grass valuable for early grazing. Sr.rlphate of ammonia used
alone, however, while increasing the early gro*th, greatly reduced
tle wild white clover, and so reduced the later groy,th of herbage.

Phosphatic manures have the opposite effect on the herbage ;
they tend to increase the clover, and therefore tbe amount of protei!
in the herbage. They iacrease also tie amount of phosphorus
taken up by the plaat; usually there is no visible siga of the
additional phosphorus except oB starved soils; tle grazing animal,
however, cal usually detect it and chooses the phosphate treated
land.
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In all the tests so far made superphosphate has put more
phosphorus into the herbage in the first year after application than
any other phmphatic fertiliser; the next in order has been high
soiuble basic slag, and the least effective low soluble slag and
mineral phosphate, In no case however, is much of the added
phosphate recovered; so far not more than l0 per cent at best.
Up to a certain point the ilcreased uptake of phosphorus goes on
whether the yield hcreases or not.

The yields oI hay and oI protein per acre come out in the same
order as phosphoms uptake, suPerPhosphate being be,st, high
soluble slag next, then low soluble slag and mineral phosphate.

Certain new basic slags have recenfly been produced which,
although of low solubiLity, were said to be more effective than
the old ones. Pot and field experiments have not supported this
clairn; the new slags seem little better than the old ones. Like
them they have a certain lime value on acid soils, being in our
tests as effective as their own weight of calcium carbonate. On
certain soils, however, they may, like other slags, so much stimulate
the decomposition of the organic matter tbat the carbonic acid
oroduced more than balances their lime effects on the soil reaction.
' No ,,"* areas were sown down to grass during 1930, nor is it
at present proposed to lay down any more. The characteristic
feature of the year was the filling up of the bare space which in
1929 amounted to about 30 per cent, and is now down to 5 or 10
per cent, ttre steady increase in the amount of wild white clover as
the season advanced, the very high Proportion of rye grass in the
spring Ialling off later as the wild white clover increased, and the
sieadiness of the cocksloot which neither increased nor decreased.

These three plants now dominate Sawyers pasture, and the
timothy and rough stalked meadow grass are much reduced, even
allowins for the fact that some of the identifications are uncertain.
The reiults of the survey are given in Table IV; the method of
survey is being improved this year. Of the other fields laid down
in 1928, those sourl on a. fallow in August n'ithout a nurse crop
(Sawyers and Harpenden) have given the best result. having now
nearly caught up to Little Knott, and those sown in Septembcr
immadiatelt after a cered crop (New Zealand, West Bamfield) are
the worst ;'some of the spring sown seeds in cereals have also done
badly (Great Knott and Stackyard). AIl, however, are improving
and clover is increasirg. Details of seeding are given in the 1928
Report, p. l0l.

USE OF THE GRASSLAND
Having obtained the grass, the next problem is to use it

efficientlv- and economically. It has arrived at its prescnt Eood
state largelv as a result of good grazing which has kept down all
flower hea<is, stems and rough patches. Sheep have been much
used, with a small number oI calves and bullocks; it is hoPed to
extend this work considerably.

Phosphalic Fertilisers for Grassland. For sewral years the
Chemistry Department has been engaged in conjunction with the
Permaneirt Basic Slag Committee ol the Ministry of Agriculture in
an examination of the chemical nature and fertiliser value of the
different tvoes of basic slae available to ttre British farmer. The
results haid shown that ttr--ere are two Eain types which may be
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discriminated with sufficient accuracy by the old and conventional
citric acid test. In 1930 the work was extended so as to test over
a period of years trot only the two main types oI basic slag but the
two alternative phosphatic fertilisers, superphosphate and ground
minera.l pbosphate (Gafsa passing 120 mesh sieve). Tbe tests are
conducted in the laboratory, in the pot culture house, and in the
field, on both grasslaad and arable land. Preliminary results on a
series of hay experiments are given below to illustmte the extent
to which moderate grassland may be improved not merely in the
quantity of the hay but in its quality or feeding va]ue. The results
oJ other experiments under conditions more nearly approaching
those of pastures are not yet complete.

Seven centres distributed throughout tie country were selected
and Latin square experiments witl 25 plots were laid down in the
sPring of 1930. Some of them were conducted by the local agricul-
tural autborities and others by ttre Rotharnsted staff. The ferti
lisers were lrom single well mixed batches, and were added at the
rate of I cwt. of phosphoric acid (P,O") per acre. Samples of the
produce from individual plots were analysed at Rothamsted for
dry matter, nitrogen and phosphoric acid. The results for six
centres are given in Table XI.

As only a few months elapsed between the application oI the
fertfisers and ba5,'rnaking, little immediate b€nefit sms to be ex-
pected from the less soluble and more slowly acting fertilisers.
The fust year results shor only the effect of rapidly available
phosphoric acid, and the results in the following years will pro-
bably differ considerably from tbese preliminary oaes.

On tle average of six centres superphosphate alone showed an
appreciable increase il dry matter, though there lYas a slight
benefit from the less soluble phosphates at some of the centres.
The effects on t}Ie composition ol the hay were, however, more
striking and more consistent than those on yield. At four cetrtres
the average protein content of the dry matter was raised from I to
ll per cent by superphosphate, and at six centres the average
phosphoric acid content of the dry matter was increased by 50 per
cent. At one centre the total phosphoric acid content of the hay
per acre was doubled. The hay nas thus not merely increased in
amount but also ir protein and mineral content. In the two Essex
centres the improyement in quality was particulaxly great even
though at one of them nearly 3 tons of hay per acre were obtaind
on the unmanured land. The average gain from superphosphate
at tle two Essex centres rvas 6 cwt. of dry matter per acre, but at
the same time the protein content of the hay per acre was raised
by 1.5 c&'t., an aEount contained in about l8 qnt. of the unman-
ured hay. The iacrease was not merely hay but a richer material
with a feeding value comparable with that of dded young grass,
and approaching that of a concentrated feeding stuff.

This result illustrates the well hown discrepancy between
practical experience on the improvement of pastures ard stock by
slag or other phosphates, and the disappointing results often given
by fertiliser trials when similar land is laid up for hay, and the
experiment conlined to the measurement of yield of hay.

In spite of the great improvement produced at some of these
centres ttre actual recovery oI the phosphoric acid added was small ;
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for superpbosphate the maximum was 12 per cent ald the average
6 per cent. Less tlan 3 per cent of the phosphoric acid added in hfih
soluble slag was recovered and still smaller amounts were taten
from the low soluble slag and mineral phosphate. The immediate
a ilability of tie phosphoric acid was dosely related to its solubility.
TaBLB Xl.-Effect , 

"O*O"1".X"fr1ff!s 
o! yield erd co,npo€itiotr o,

54.7

30.6
3r.3

20.9
28.0

t.67

1.66
r.49

t.73

6.80
3.71
3.1?
1.06

3.66

0.62
0.67
0.00
0.71
0.49
0.60

0.010

0.3t
o.lt
o. t9
0. t0
0. r0
0.17

YhU oI H6y (as
cwts. ot dry
matter Pet
acre)-

Pudeigh, Es6ex
Biaintreo, E&ser

llleaD
Ni rqcn ds 0e,;ert. oJ itD

Purleth
BBinttEo
BadEiot@ ,.
Chesterfiold ..

Mpln
Plolcin an hat in

a1tts. ?d
Purleith
Braintree
BadEinton..
Chesterfield ..

BadEiitoa
Lydbury
Chest4rfi.ld
V/etherby

Mcao
Ptosohalk Acid in

hz! ;n cuts.

Purleigh
Brailttc
Badminto[ ..
Lydbury
Chesterfield..
Wetlerby

Mea!
Meaa perccDtage

recovery oI
added P.OE ..

0.136

60.4
ts.3
,8.6
28.1

60.8
20.t
28.6
3l.l

t8.2
3r.2

63.6
20.2
28.6
29.1

62.0
23.6
28.8
20.8

r9.l
3t.l

30.4

1.80
r.00
1.68
1.38

1.47
1.70
r.60
1.47

t.47

4.13
1.87
2.80
1.12

2.U

0.46
0.48
0.43
o.62
0.36
0.63

2.68

0.48
0.49
0.40
0.60
0.40
o.62

2.71

0.60
0.61
0.41
0.60
0.30
0.52

2.56

0.61
0.62
0.64
0.61
0.43
0.67

0.464

0.23
0.00
0.t8
0.16
0.07
0.16

0.400

o.24
0.10
0.r3
0.r9
0.07
0.r6

o.27
0.10
0.13
0.18
0.07
0.17

0.630

0.27
0.12
0.16
0.18
0.08
0.tt

Braintxcc

P,Os os Pd ccnl-
oJ dry mdcr-

Purleigh

0.15t I 0. 164

1.6 I r.e
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Eov muh oJ tJ* adnzd flnsflar;c aciil is tubn t l by tk il4nt ?

The few experiments tiat have bedn made do not indicate a high
percentage utilisation of the added phosphoric acid under normal
conditions, even when the necessary nitrogen and potassium are
supplied. Some of the results are given in Table XII.!

TABE xu--Rrcov€q, ot Phcphoric Acid (P,O6) froE Ph6pl8tic FcrtiliroE.

iPooo
I appu.d

S,t?.4hosihalo-
Srr'edes, lst ycar

zDd, 3rd ald
4th y6 ar
eft r appli-
catiotr

Ba ey, fst year
Hay, 1st year . .

lst year . .
Basic Slas-
(l) Hay, lst year

Ist 4 years
(2) Hay, lst year

lst year . .

StP6rfhosPhal.-
Hry
Barlcy . .
Whert - .

Little Eoo6.
Rotlratrlstad

Little HoG
Esser
A.ll ceat'es

Elscx

r0.2 l r,r.8
23.2 I e8.O

70
tt2
u2

100

64
64
6.1

l7
38
2r.6

26
l6

l7
5

6.6

21
7

ll
6

3
l6
3.6
3All cenkrs llr2 I 16 I 18.4

Conditions ol ?hos?hatk srdroariot

tt2 126 130

l0
10.4
14.4

Park Gra-ss
Hooslield
Broadbal&

2A
22.4
23.1

{.6
14.8

{
3.4

25
l9
t1

l0
l2
9.0

THE ACCURACY OF THE FIELD EXPERIMENTS

r'i! The-average " standard error " per plot for ttre different crops
at Rothamsted, Wobum, and the various other centres are given
in Table XIII; they were in 1930 of the same order as in previous
years. At Rothamsted the error per plot varies round about 6 per
cent of the total yield lor Latia squares, and about l0 1xr cent for
randomised blocks; it tetrds to be lower for potatoes and higher
for wheat. Expressed as weights per acre the " standard error "
for Latin squares is about 0.5 tons of roots ard 1.3 cwt. of grain ;
for randomised blocks it is about 0.7 tons of roots and 1.6 to 3 cwt.
of grain. At Woburn a.ud the outside centres the figures are as
usual somewhat higher, but again the Latin square is the more
accurate. Eve[ on commercial farms the " error " per plot amourts
only to about 0.5 tons of potatoes in Latin squares and I ton or
less in randomised blocks; with good yields this gives the same
percentage error as at Rothamsted. The Latin square is thus the
more accurate and we recommend its use wherever practicable.
It is used for manurial trials at our outside centres on commercial
farms wittrout <Iifrculty. Its range oI usefulness has been stjll
further increased in recent years by splitting each plot so as to
test some other treatment superimposed on the entirc serieg, ,.9.,
pbosphate or no phosphate on eachofa set of plots receiving vanous
Bitrogenous ma.aures. For cultivation and variety trials involvhg

Ps0B taler up by @p

Pha- | Pbo- I DiIId-
nr.. lph.t.l Ec..
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a large number of comparisons the Latin square is not always
practicable and then the randomised blocks can be used.

The fact that tie size oI the standard error remains approxi-
mately the same from year to year, suggests tlat our present
appliances and our methods have reached their limit of accuracy ;

new and more accurate ones are now being sought. None of the
various devices so Iar tried has constituted any real improvement,
and so far as we can see the limit is set by the implements. Both
seed and manure drills are admittedly defective; we have had to
return to the old Coulter drill as ttre best we could find. Application
of manures to tlre replicated plots is always by hand, but we
urgenfly need better seed drills and better methods of distributing
the fertiliser so that it shall act most effectively.

Tbe sampling mettrod continues to be useful. It is liable to be
less accurate than ttre older metlrod of hawesting the entire plot,
but it saves a great amount oI labour, and it allows of many more
comparisons than would otherwise be possible.

Pota-

toDs-

Sugar 8..1.
Roots.r Tops.
tols. I tons.

Barby.
Graitr I Stra*
c*t. I cwt.

Wh.dl.
ltain.lStr.w
cwt. I cwt.

Larin Sqtu.s-
AveraSe 1026-1930

1930 91
0.6
0.3

o.7
0.3

r.3 1.0
l.l I 1.8

Rafllorniscd Blochs-
Av6r"age 1025-1930 ..

l93tr
0.7
0.6 I' ,:, I v 2.5

r.5l
3.71

1.3
0.81
7.r I

t Silgle figure.

T^aLE XIII.-StaDdard Errors per Plot, 1930.

W"itht ?ea ocrc.

Rolhorrrst.il .

Wobun.

Sutd Be.l.

Lal;n Souar.s-
Aver&e 1026-1930

Ra loti;scd Blochs-
Averasc 1026-'1030

Roots. Tops.

l.l
o.i

r930 v

0.5
0 5i
0 8J
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Or.ltidc C.ilrcs.
Potalo.s-l{,$

' SinSle liture.

. Sio8le fiture.
t luean of 2
t Expts. han'ested by sampling method excluded.

TaBLE XIII. icontinued)-Staudard Errors pe! plot.

Per ccal. of yicld,

Rolhamsl.t .

;i
E<

9E
e

Ldin Squarcs-
Averate 1927-30 ..

1930
0.6*
o.8 031

0.3J

0.4.
0.3

0.4
tl 0.4 o0

Rorrtlorni sca Btochs-

Average 1927-30 ..
| 930

No prcvious exp€ meits ir
-l_ 

_l_t_L

- lr.r lr.r lo.z i - o.s I

L maDy of thes(

-r-l-r0.7 l- l- l

cas(-l}s.

Oulsid. Ccn*.s \cont.)

Stato Bed-4ons.;E;j-;E;ffi Bdtlcy;

Lann Squates- |

AveraSe 192?- |
1930 lo5

ls30 I -
0.3* 0.6

0.41
0.31

03 1.0 t.1 0.4 1.5 l,

nardartis.d Bto.hs
-A.veragc I g2?- 

l

1030 10.0t
1030 ll.2 ln

0.?
0.3

t.4

Srgar Beel.
loots.'Tops.

Barlev.
ain.lStraw

lV'heat -

Lal;n Squaias-
Averate 1025-90 . ,

1030 : i.7
3.5

5.8
4.6

i.4
0.0

Rondomisd Blo.hs-
AYeBge 1925-1030

r930
8.{
72

10.2. 10.0' T t4.0
e.6l

13.8 /

10.8
3.21

u.9J

. Siagle ,igurc.

I Meau of 2.

D
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Sugdr B.rl.
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{.7 t
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;I
I

o
'nE

E

z
llull.

Lalin Sql,'a/es- ]

AveraSe 1927-30 .. r3.9
lS30 ,. I 5.0 {;

r.8,

4.6.
2.8

5.61
12.0 a.i ,1 &,

Randmnised Blochs- ) Nl
Ateragc 1927-30 .. | - |1930 ..t-l
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-l-l-8.2 [1.311.3

Eiuletrts itr oar

i - le.o ls.s t:
thesa cas

t- l-
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Colcb6r.!. W.l.hF@I.
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Averate lg27-30

1030
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1930 ..

. MeaD of 2.
t Siotle Ii$re.
I ExpLs. harvested bv saEpliat

method cxclud€d.
6.0,,t 

i

SOIL MICRO-ORGANISMS

Luterue. Tbe arrantemetrts for supplying Iarmers with cultures
of the necessary organisms are working smoottrly artd Messrs. Allen
and Hanburys repo* that the demand during 1930 was more than
three times that of the previous year, enough cultures being distri-
buted to inoculate between 4,000 and 4,600 acres. Ttre Ministry's
retum show that the acreage of lucerne in the country increased by
over 4,00O acres iu spite of the fdl in acreage of arable land.
Experiments are in hand to see whetler seedsmen can inoculate
the seed before sale: this will save much trouble both in distribu-
tion aDd on the farm.

lrI x."tr." 1 r-.ar
il

* ]rr: lol
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Meanwhile, scientific work has continued on the relation be-

tween the organism and the plant. It was shown in a prcvious
Report that nodules do not appar on the roots of the 1'oung plant
till the first leaf appears; .ls sootl €Ls tlat opens a substance is
extruded from the root which enables the bacteria to attack ard
enter. The Iirst visible sign of attack is the curling of the root
hairs, this also is determined in part by a root excretion and, like
the entry of the bacteria, it can be browht about before the true
leaf appears if the seedling is growing among rather older plants
on which the leaves have opened. Thus it appears that the excretion
ftom one plant can serve for others as well as for itself. The curling,
however, is also determined by an excretion from the bacteria,
though tle reliations befireen the excretions from the plants and
the bacteria cannot yet be stated. The bacterial excretion is
effective on plants other than those which the bacteria can enter
,.g., luceme'bacteriaocan curl the root hairs oi peas frut tt"y
cannot enter. The varius leguminous bacteria do not live at peace
with each other in the soil; luceme bacteria reduce the number oI
nodules formed on clover roots by clover bacteria though they cannot
themselves enter the clover root. Something happens to the organisms
in the soil after the soil has been cropped with the leguminous plant
for a time; clover growing on a soil that had carried clol'er every
fourth year had fewer nodules than clover growing on adjacent
soil wherc no clover had been grown Ior 80 years, and this held
true whether there was inoculation or not.

P*rification of Sugar Beet Efruenl. Tbe microbiological proceis
developed at Rothamsted has now been so far lxrfected that it
gives a purification of 95 per cent when working at the rate of 60
gallons of liquid per cubic yard of lilter per day. This is
satisfactory in practise and accordingly tic factory work at
Col$'ich has been temporarily discontinued in favour of further
laboratory investigation oI the various outstanding microbiological
difficulties which sooner or later will give trouble unless thcy are
definitely dealt with at the outset. The chemical and microbio-
logical changes are being studied in detail.

The Decomlosilion of Straw by Micro-organisms. Dr. Norman
finds that the most stri.king change is the rapid decomposition of
the cellulose; this accoults for most of the total loss. At first
some oI the hemicellu.loses (unfortunately named since thev are
entirely diflerent from cellulose) decompose rapidly, but some of
them remail with t}le tignin as the undecomposed residue. The
decomposition is brought about mainly by Iungr, not, holvever,
by one organism alone but by many acting together. trIuch heat is
evolvcd during the process but this is associated with the decom-
position of hemicellulose especially its peutose units and possibly
the uronic units, rather than of cellulosc. A supply of easily available
nitrogen is ersential to the nutrition and the functionint of the
organisms; usually there is insufficient in the straw so that a
further supply is necessar5r and this becomes immobilised in the
tiSsues of ttre ortanisnrs. The actud quantity immobilised depends
on the reaction, being greater in alkaline than in neutral or acid
conditions. Microbial protein is apparently a suitable source of
Dikogen.

The Prodqction oJ Amfltaia flont Peplo e in Cullvre Sohriottt
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afl.d ils Oxidation by Bacteria. 'fhe production of ammonia {rom
peptone did not increase as the bacterial numbers increased, but
beyond a certain point fell off. Introduction o{ a protozoan Hart-
manella lowered the bacterial numbers but seemed to increase the
rate of ammonia production.

During the work on sugar beet efluent a uumber of organisms
were discovered which oxidise ammonia to nitrite; critical exam-
inations have aheady revealed 42 distinct straias of these organisms
in addition to tle nitrosomonas and nitrococcus previously known.
Four distinct species have been isolated from the Rothamsted soil
which, while agreeing physiologically with some of those from the
filters, are morphologically different.

CULTIYATION OF THE SOIL
Cultivation is one of the costliest items in the arable farner's

programme; its high cost, indeed, is sending many of them into
gra-ss farming. It is not yet reduced to a science and consequently
cannot be treated by advisors with the same conlidence as manuring.

The Physics Department at Rothamsted is endeavouring to
work out a science of cultivation, and it is proceeding in two ways.
Experiments are made ir the field to try and discover by dynauro-
meter and other tests what cultivation does to the soil, and to see
what other methods have the same effect. Other studies are made
in the laboratory to explain the lield measurements and obsewations,
and to work out the physical properties of the soil, especially those
related to cultivation such as stickiness, friction, plasticity and
permeability; to discover also what is meant by tilih and crumb
structure. The physical properties under investigation for the
purpose of explairing tilth and crumb strlcture include the plas-
ticity of the soil, the electrical conductivity and dielectric con-
stants of soil suspensions, the specific gravity in the crumb and
finely powdered states before and after pumping out dI air. Culti-
vation with a rotary implement, the Simar, which makes a seed
bed in one operation, has for the past five years been compared
with the normal cultivation which requires two or thrce processes
to do the same thing.

The Simar has consistently given a better seed bed, so that
there has always been better germination and early gror*th; more
plants, and on *-heat more tillers. This, however, has applied to
the rveeds as well as the sown crop, and tbe " Simared " plots have
always becn the more weedy. The final yields have been-much the
same as with the ordinar)' cultivation, tle advantage oI the early
growth not having been maintained-perhaps thJ result of tht
weed growth.

The Simar appears to be admitable for inducilg germination of
weeds and cleaning laad.

The effect of sbeep fotding on Iight land has been studied at
Wobum. The compacting of l.ight soiJ obtained by sheep is different
from that given by implements: it extends to a'greatel depttr and
it lasts longer; the top three inches of the soil is mainly affected.
It gives also a coarser tilth. In this year's tests it did not increase
the water holding power of the soil, on the contrary the trodden
part was, if anything, somewhat the drier ; but a fuller investigation
is being made.
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THE UTILISATION OF RESULTS OF'AGRICULTURAL
EXPERITIENTS

Agricultual problems rarely present clear cut simple issues; they
are usually complicated by a number of factors, some of which are
themsetves highly complex ; in experimental work there is always,
therefore, an element of doubt t'bether the result is obta"ined becarise
of the treatment or in spite of it. Experimenters in the past have got
round the difficulty by repeating the experiment a number of times,
ald if they frequentty obtain the same result they have felt iustified
in attributing it to the treatment and trot to some other 

-and 
un-

known cause, In the original Rothamsted experiments Lawes and
Gilbert repeated their field trials for twenty yiars before publishinr
much aboit them ; they then could spe.t *lif,'."GJ"."Ui":;;;i;:

It is not practicabie in modem iond.itions to use this lone ti;e
method, and another was introduced at Rotha.msted in-tglg.
Mathematicians have developed methods for studying figures and
tracing any relationships that may exist between 6nJsefof obser-
vations and another; the result can be expressed as the odds in
favour of one result being related to another. Dr. R. A. Fisher was
appointed to apply these methods at Rothamsted, and he has designed
arrangements for field experiments which allow of the valid caliula-
tion of the odds in favour of the result being due to the treatment
and not to chance. These lield methods have been in use for several
yeqs, and have proved easily workable arrd a great advance on the
old oncs.

Dr. Fisher has also improved the methods for studying masses oI
data such as agricultural experimental farms and statioris hive accum-
ulated. It is now possible, for example, to trace the effect of rain
rveek bv week, on crops gro*rn under different manurial or cultural
conditions, and so to leam definitely horr crops and manures behave
in different seasons. Great masses of data that have accumulated
at the various experimental farms in the country, and have not
hitherto been used, can now be examined with i high degree of
assurance that any information concealed therein will soon be
discovered. In recent years Dr. Fisher ha.s developed a new
method, the Analysis df Variance, which is of speciil value in
agicultural and biological research. It is used at Rothamsted for
the most diverse purposes ; in the bacteriological work for ttre study
of the hourly fluctuations of the numbers of bacteria in the soil, iir
the entomolotical department for studying bees and other insects,
in the field work for assessing the trustworthiness of the results,
and in the chemical department for extracting inJormation from the
masses of figures accumulated by a succession of industrious analvsts.

THE COMPOSITION OF THE SOIL: SOIL ANALYSIS
For many years past, chemists have been analysing soils, and

the work has now been systematis€d by the setting up of soil suweys
in different parts of thi country. Great quani'itia of analyticil
data have accumulated which, however, are difficult to intarpret
by the older methods, Statistical methods have been used
by D:. Crowther, and he has extracted from the figures some
highly interesting and valuable results. He has begun on the
many analyses of clav fraction oI the soil tlat have been
made. The molecular ratio of silica to alumina (SiO.iAI O_) ha_s

been recognised as an important soil character, Uui it iiariei i'good
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deal Irom soil to soil with little or no apparent regularity. Dr.
Cro$ther now sholls that the ratio is determined partly by the
geologicai history of the parent material of the soil, and partly by
the rainfall and temperature conditions under which it now stands,
and further, he has been able to assess the relative effects of these
dilferent {actors. As the rainlall increases the clay becomes less
siliceous (i.c., the ratio SiO"/Al,O" decrea-ses) ; as temperature
increa^scs the cLay becomes more siliceous (i.e., the ratio SiO./Al,O
increases) ; in the clars examined a rise o{ l'F had about the same
effect as a reduction by I inch of the annual rainfall, when botb
temperature and rainfall increase the composition remains constant
if InF rise of temperatnrc is accompanied by I inch (more accurately
0.97 inches) of rain. This close connection between rainfall and
low temperature arises because the effective agent is not the amount
oI rain, but the quantity of water leaching through the soil, and this
fa.lls o{f as the temperature rises because a larger proportion
evaporates. The relation of rainfall and temperature with the
amount of drainage through the Rothamsted drain gauge is
almost identical with that oI rainfall and temperature with the
SiO,/Al"O, ratio.

The ratio also depends on the geological history of t}e soil.
Soils which have been little disturbed during their lifetime, e.g.,
soils derived from igneous rocks which have not b€en moved far have
a low SiO,/Al,O, ratio; soils that have been much reworked (c.g.,
the soils of the south east of England) have a high SiO,/AI,O"
ratio. Much reworking in n'ater therefore has the opposite effect
from high rainfall; apparently silica is retumed to the clay during
this process.

Dr. Cro*ther has further studied tle relationship between soil
t]-pe and climate. Rainfall is the more important factor in dry
conditions, and temperature the more important in humid con-
ditions. The difference between the various soils in the highly
leached group, with the exception of the extreme podsol, does not
lie in the alumino-silicates oI their clay fraction, but in the distri-
bution of the iron oxide in the various layers of the soil; in high
temperature weathering this is deposited near to the surface giving
red soils, in low temperature its solution or suspension is more
stable and is leached down to lorcr depths.

This work is being continued and ,rvill, it is hoped, systematis€
and make useful a large mass of data which at plesent has little
value.

Aaother important contribution from t}le chemical department
has cleared up some dimcult problems in connection with comlxnsa-
tion for rmexhausted value of lime. Estimates so far made bl the
tim€ that lime might be expected to last in the soil do not agrce
well. Dr. Crowther now fhds that the rate of loss of lime and the
extent of the loss depend not only on the amourt of leaching, but
also on the amount of exchangeable calcium in the soil; if ihis is
high t}le whole of tie added lime is soon lost ; if it is low the lime
remains ia the soil and is a permanent improvement. A uniJorm
scale of compensation which takes rro account of this soil character
therefore operates unfa.irly, and a better one could now be drawn up.

Considerable progress has now been made witl the solution of
the difficult green manuring problem at Woburn. The teres ard
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mustard ploughed into the soil, decompose urith lormation of
nitrate, which is rapidly washed out, especially from the tares,
leaving only little Ior the wheat, and in consequence it starves Ior
want of nitrogen.

THE COMPOSITION OF CROPS

Dr. Bishop's work on the composition of barley grain, carried
out under the Institute of Brewing xheme, shows that the com-
position and amounts of the various proteins in the grain depend
only on the total amount of nitrogen present, and not at all on how
it got there-whether as the result of manuriag, of soil properties,
or weather conditions. The simplest connection is shown by
hordein; all varieties of two rowed barleys so far exarrined con-
tain tle same amormt of hordein for any given total weight of
nitrogen p€r grain ; for a nitrogen percentage N in the dry matter
the weight oI hordein in the dry matter of 1,000 grains of barley is:
0.089+0.422 N+0.0727 N' grams.

The other nitrogen compounds, the salt soluble compounds and
the glutelin differ in their proportions according to the variety. In
the fully mature grain these proportions depend only on the total
nitrogen content and the variety; they are independent of soil,
season and manuring.

Dr. Bishop further shows how from a knowledge of the percen-
tage of nitrogen in the barley grain, and of the thousand corn weight,
it is possible to calculate ttre arnount of malt extract obtainable
after malting, a fi8ure of great importance to maltsters- He has
constructed a slide rule which shows this figure at a glance, and
thus fumishes information which hitherto could be obtained only
after a long, difrcult and expensive analysis. Another simple
calculation shows also from the barley figures the diastatic power to
be expected in the malt cured at any given temperature; the close-
rcss of agreement between the values expected and tho6e found
can be used as a measure oI the efficiency of the malting process.
The equations are for Plumage-Archer barleys :-

(l) For extract, E:
E:llo.r-u.2N + 0.18G.

(2) For diastatic power, D.P.:
D.P.:29N + 0.4 G-21.

(3) For permanently soiuble nitrogen:
P.S.N.:0.33 N.

Where
N is the total nitrogen perceDtage on dry barley.
G the dry we[ht in grams of 1,000 grains.

The D.P. is given for a " kilning temperature " of l80oF.'
. Foi lull .@@ts ol lhis ftrL re:

loh. IBt. BlRins, Vol. !a, D. lol, 1918.
.. Vol. 35, o. 3t6 aod l$. r9r9.
,. t,,1. !6. P.3r,i, 1s30.

Pt.Ai.a;or M.tWt-
E:tnct. Ibid, \-ol, !6. p. rrl, 1130.

l'b. p.p.n s.Lti!, to Fr@ently slubl. nilrog.o ud .h.6taltc pow.r a. iD F.P.t.tion.
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These results are proving of great importance to maltsters and
brewers. English brewers require a barley containing about 1.3 to
1.4 per cent of nitrogen; this seems to represent good normal
barley in our conditions.

A survey is in hand of the malting barlev production in Britain,
showing the yields and qualities that can b€ exp€cted in different
parts of the country, and the comparison of quality o{ British and
foreign barleys.

THE PLANT IN DISEASE. INSECT PESTS AND THEIR
CONTROL. INSECTICIDES

Prethrum flowers contain substances highly poisonous to
certain insects and quite harr ess to plants and animals. Since
pyrethrum is easiJy grown in this country there is the possibilitr.
that its cultivation may prove of considerable commercial interest.
Dr. Tattersfield and his colleagues have studied tbe active prin-
ciPles; they find that the maiimum 5,ield is obtained when' the
flowers are {ully opened, i.2., when the disc florets are opening;
they should be harvested at this stage and not later, otherwise
there is risk that the achenes, which contain most of the poison,
may be lost. Flowers dilfer considerably in their pwethrin con-
tent, however, the range has been Irom 0.4 to 2.O per cent. A
method has been worked out lor determining the quantity in a
single flower head, and this can be used in plant breeding experi-
ments to try and raise a strain oI plants of high toxic value.

THE INSECT PESTS

In agriculture as distinct from horticulture a direct attack on
the insect by sprays and other methods is not always possible, and
for the insect pests of ordinary farms it is necessary io rely on some
other means.

The natural control of insect pests is by their parasites, and this
is being studied by.Dr. Imms aid Dr. dames. ' The Frit fly of
oats is usually pa.r'asitis€d to the extent of about 30 to Bb per cint,
the range during the pa.st four seasons has been 2? to AZ per cent :

para-sitism becoming heavier as the season advances, There has
been no severe attack during this period.

Willow midges during the last-three years have also been well
par_asitised, the range being from 5l to- 64 per cent, but foxtail
midges hav_e been more variable; there was 88 per cent parasitism
in 1928, only 3 per cent in 1929, and l9 per ceaf in I9B0 ; it is not
yet known w_h_y the parasites did so baclly in f929.

- Immunz Vaiaies. The srmplest way of dealing with the Willow
midges, however, is to Rrow varieties of willow imm-une to its attacks.
Unfortutrately tbe mosl desirable commercial species, Salit triandro,
is susceptible, as are all its varieties. On the othtr hand, S . lu@ulea ,
S. dlba var. ttitellina and, S. oiminalis, and their varieties, alio the
cross 5. ziarrjnaJrs x S. purfurea, are immune. It shoutd not be
impossible to cross S. hiandru witt. one of these immune varieties,
arrd so finally obtain a new variety, immune to the midge, but with
the commercial value of the old iriaidtq.

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-1-63 pp 39

57

It remains to discover why some varieties are immune and
others are not, There is evidence that the isrmune varieties contain
a chemical substance which keelx off ttre midges; when an extract
of a:r immune variety is painted on the susceptible varieties they
cease to be so attractive. Further work is being done in the hope
of discovering the substance and studying it in detail.

Problerns of great biological interest, though not of obvious
agricultural significance, are suggested by Dr. Bames' discovery
that tle midge Rhabdolhaga heterohia prodtces families of one sex
only ; some mothers producing males only, and others lemales only.
Apparently it is the mother, not the father, that determines the sex
of the offspring. Thc investigation has necessitated breeding tines
of pedigree male and female midges, studying and rearing their
progeny {or successive geuerations.

Bees. It drawing up the programme of the Bee Research the
department is assisted by a committee of practical bee keepers who
report from time to time the problems which are of special concem
to them. In the main their difficulties arise from diseases which
from the outset the Bee Research Sta.ff were, by the terms of the
grant, precluded ftom studying. fn consequence the work has been
confined to questions of management which are not only difficult,
but completely lacking in interest to the non-technical person.
The chief problem has been the study of the differences between
the " warm way " and the " cold way " of aranging the frames in
the hive; the warm way being the one in which the frames are
placed parallel to the {ront so that the first frame acts as a kind of
door shutting off the rest, while in the cold way the frames are
placed at right angles to the front. The differences were only slight,
but by ta.king numerous observations continuously for several years,
certain conclusions have been reached.

(l) ln summcr the temperature inside the hive is almost entirely
independent of the temperatue outside, and completely inde-
pendent in the brood charnbers.

(21 In uinter the temperature inside is affected by that outside ;
it changes by 0.6'to lo for each l" change outside, and the change
was treater in the " warm way " hives than in the " cold way "
hives, especially on the nortl and east aspects.

(3) In spring and wiater the inside temperaturc seems to vary
with the outside temperature.

A second question asked by the practical keepers was whether
cane sugar or beet sugar is the more suitable winter Iood ; there is a
strong feeling ir favour of cane sugar. Prolonged trials, however,
failed to reveal any difference.

The work at present is concerned mainly with the study of
brood food ir relation to swarmiag and other activities oI the bee.

MYCOLOGY
A fundamental difficulty in mycological work is that somc of

the most serious fungus pests are not simple species which are
sharply distinct and easily characterised, but gtoups consisting of
numerous races which are so like each other as to be distinguishable
only with great diiiculty if at all on thc attacked plant. Some
races, horyever, may be almost harmless while others may be very
injurious. Dr. Brierley is investigating one o{ the most important
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llllngi , Bol/llis ciflerca , oI *'hich he has already found over 200
races, somc of which are apparently saprophltic, others parasitic
on a limited range of plalts, others a8ain parasitic on a wide range
of hosts. Even the parasitism, however, is not simple but depends
upon the condition oI the host and its environment. Further it is
sometimes easy to infect a plant with a race which uader natural
conditions, does not seem to attack it, whi.le on the other hand, a
race which in naturc has virulently attacked a plant mav fail to
attack it in the experimental house. The various races, the question
of their permanence in relation to external and other conditions,
and their relation to the host plant are being studied by Dr. Brierley,
ard the investigation is cast on broad lines so that the results are
significant for other phases of plant pathology.

Miss G\'nne has developed a. method of testing potatoes fc'r
immunity or susceptibility to wart diseases so that it is now morc
sensitive than the ordiaary field test besides being more rapid,
needing only a ferv weeks, instead of two or three years. The
practical question has arisen and needs settling whether a variety
in order to be classed as immune, needs to pass the Gl)mne test in
its most severe form, or to pass the field test that corresponds in
severity with ordinary field conditions.

The liability oI a plant to disease ma1, be affected by the con-
ditions in which it is groun, and it has been found by L. ItI. Kramer
that dressing with phosphate reduced, and dressing with nitrogenous
fertiliser increased, the liability oI potatoes to the lwgtts Corlicium
solari. br practice, however, the position of the potatoes in thc
clamp may be the more important factor.

Bactprial Diseases. Mr. Stoughton is continuing the investiga-
tion on the angular leaf spot disea^se of cotton caused by Bacteriqm
malvacearum. The disease organism may be carried on the seed coat
and in the fuzz, but only rarely within the seed coat. Thorough
disinfection of the exterior of the seed almost eliminates disease of
the seedling, but if contaminated seed is not disinlected it produces
diseased seedlings. The amount of infection decreases as the soil
temperature rises above 30"C though infection may still occur at
4O'C. Later on the plants grow out of the disease. They may,
however, agail become infected, and the protress of the disease is
not affected by the soil temperature but by the air temperature,
being at a maximum between 30'C and 35qC.

Vitus Diseases. Dr. Henderson Smith is in charge of this work
and is aided by Drs. Caldwell, Hamilton and Sheffield.

Up to the present most of the work has as a matter oI convenience
been done rvith the Aucuba Mosaic of tomato plants. It has suffered
Irom the disadvantage that the winter grom plants are very differ-
ent from those of the summer-as is well knom to all practical
groq'ers and, although they take the disease, they do so only
slowly and with abnormal slmptoms. The dilference between
summer and rvinter results has been traced to the difference in the
hours of light; when'the winter day is extended by five hours of
good artificial lkht (from 4.30 p.m. to 9-30 p.m.) the summer
disease s)'mptoms are produced and, conversely, when the summer
day is shortened by cutting off the light, the plants take the disease
only slowly and abnormally, while irr complete darkness, the plants
fail to develop s1'rnptoms of the disease.
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Dr. Caldwell has shown that the virus cannot travel across dead
tissue, nor can it enter the living cells of the plant from the xylem
unless some rupture has occurred. Where a leaf is inoculated the
virus travels to the stem and then moves up and down at approxi-
mately the same rate.

Dr. Sheffield has studied the mode of formation of the intra-
cellular inclusions found in cells of the diseased plants- Small
particles carried in the streaming protoplasm coalesce to form larger
masses and ultimately unite to form a spherical mass which becomqs
vacuolate and may take on an amoeboid appearance which caused
them to be regarded at first as parasitic organisms. The process
has been photographed cinematographically and the film has
attracted much attention.

Dr. Hamilton has devised new and better methods for the study
of thc insect transference oI virus diseases.

THE FARTT
During the yean the farm and laboratories wcre visited by over

2,000 agricultural and scientific visitors, some of whom stayed for
an extended period. Members of the staff gave over 79 lectures
to farmers, students and others, these being arranged either by the
County Organiser, or by the National Farmers' Union in collabora-
tion with the organiser, or by a college or university.

GEOLOGY OF THE ROTHA}TSTED EXPERIMENTAL FIELDS
REPORT BY MR. H. G. DINES, GEOLOGICAL SUR\,IEY
The Rottramsted Experimental Fields were surveyed in 1903

by H. B. \{oodward, and tbe result of his work was published,'
together with a map, which, it was claimed, showed " the distri-
bution of the subsoils and sofu " of the area. In February, 1930,
the Geological Survey undertook a re-exarnination of the farm Ior
the purpose of bringing Woodward's map up to date. No alteration
rvas found necessarJr and, apart from the additional survey of some
fields that had been added to the farm since 1903, no changes of
any importance were made.

In the light of present knowledge o{ soils and subsoils,
Woodward's map caDnot be regarded as a soil map, but only as a
geological map showing divisions oI the clay-rvith-flints which are
usually unnecessary from a geological point of view.

The farrn is situated on a dip-slo1x of the chalk area of tltc
Chiltern Hills, and the fieltls, for the most part, are on high ground,
which is covered with an irregular accumulation of clay and loam
with abundant flints, kaorvn as clay-tith-flints. This was originally
considered to be derived, in great part, from slow decomposition of
the chalk under atmospheric action. This view was later disputed by
various writers on the grounds that the constituents were not
present in such ratios as would result from simple solution of the
ialcareous portion of chalk; the clay proportion is far too high as
compared with that oI the flints. Close examination of tie deposit
also reveals that a considerable part is composed of remnants of
Tertiary Beds. Flint pebbles, blocks of pudding-stone, masses of
bright red clay and sarsen stones from Eocene formations, and

r sudb.'r oI B06rr.6'Id 1903 (r.6. GoL SuE.l,l90r, APFadir l, PP. lar.l60
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ironstone fragments from Pliocene beds are present in various
localities, sometimes to ttre exclusion of angular flints such as
would result from the weatheriag down of the chalk alone. This
irregularity of the clay-with-llints led Dr. R. L. Sherlock and Mr.
A. H. Noble to regard it as of glacial origin,' a view which is widely
accepted. At the beginning of glacial times tle chalk outcrop was
apparently covered with remnants of various Tertiary formations
as outliers, and in some areas where bare chalk had been exposed
to the atmosphere for a considerable period, some clay-with-flints
(using the term in its original sense) may have formed, but the
srrperficial deposits on the chalk to-day present the appearance of
having been mixed up by disturbance such as would result from ar
ice sheet moving from the north or north-west over the area of the
Chilterns.

The clay-with-flints oI thc Rothansted area is composed almost
cntirely of disturbed local rocks. The angular flints showing no
sigl oI abrasion come direct from the chalk, the suban$. ar and
generally ochreous flints from old gravels once resting on the chalk,
and the black flht-pebbles and blocks of Hertfordshte pudding-
stone from the Reading beds or other lower Tertiary deposits.
Fra€ments of iron cemented sandstone from a Pliocene deposit
are also pres€nt; these are fossiliferous, and are especially well
seen in the subsoil of West Bam, Sawyers and Long Hoos fiekls.
The bulk of the matrics is red-brown clay with varying degrees o{
Ioa.miress, which apparently is derived mainly from Reading beds.
In places where the clay is heavy it presents a trey mottling due
t{) alteration of the iron oxide which produces the colouring.
tr{argarese oxide occurs as a black stain in some Iissures in the clay,
and as a coating to some of the stones. The mass of clay is scattered
sporadically with the various kinds of stones, which occur some-
times mixed and sometimes exclusively in bunches or pockets. It
presents every appearance of baving been formed under glacial
conditions, the various constituents having been mixed duiing a
slow passage soutlwards in a frozen or pardy frozen state.

The thiclimess of the clay-urith-flints is variable. Generally
speaking, it may be from 5 to l0 ft., but in swallow holes, which
occur frequently in the underlying chalk surface, it may reach much
greater thicknesses.

According to Woodward the clay-with-flints of this area can
be separated into three classes, namely :

(l) Loamy clay with lew stones.
(2) Heavy clay, more or less stoDy.
(3) Light clay, more or less stony.

These variations are show:r upon his map.

The domwash that occurs on the slopes of the clay-with-flints
plateau is a mixed lighter soil-more or less stony. This clothes
the more gentle slopes towards the Harpenden Valley, but
does not extend down the steeper slop€s to the west. The edge of
the clay-with-flints passes through Great Knott and Little Knott,
and to the south west of the line the chalk is free from drift. The
down-slipping of the drift into the Harpenden Valley probably

, ost, Jd.n. G.ot. Se. vol. lrviii 191, ,pp. lle-ro!.
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covers a lar€er area than is shown on the geological map; for
instance, although the lane running from north of Red Gtbles to
Ninnings Field is sunk to a d'epth of at least 4 ft. near the main
road, no chalk is visiblc, but only material that is obviously down-
wash from the clay-with-flints plateau. It is not possible for the
geologist, however, to map this part as anlthing but bare chalk
since the downwash is obviously of recent date.

FIELD EXPERIMENTS AT OUTSIDE CENTRES
The outside experiments began in 1922 with a series of trials

under the Institute of Brewing Research Scheme on good barley
growing farms in various parts of the country to test the effecG
uf fertilisers on the yield and quality of barley. The same scheme
was used throughout and the same stock of seed. In the first four
years, 1922-1925, single plots were used, a.nd 225 plots were har-
vested. In 1926 the scheme was modified and curtailed and 48
plots only were used, but the experiments were in duplicate. In
1924 laboratory work on the inoculation of luceme was sufficiently
advanced to justily extended field trials. The Royal Agricultural
Society provided the necessary funds. Some 39 centres I'ere chosen
in various parts of Great Britain, and eleven strips were drilled at
each centre, five with inoculated seed altemating with six with
uniloculated seed. 'Ihese experiments have continued, and at 2l
centres the plots were still in existence in 1930.

By 1926 the new metiods of Iield experimentation had been
tested on the Rothamsted farm and thev were then used on
commercial farms to test the value of vari6us tlpes oI basic slags
on grass and arable land- Four by Iour and five by five Latin
squares proved entirely successful, and they were continued till
1929, when the eflect of the initial dressing of phosphate had
almost disaplxared. A new series was laid down in 1930. The cost
of these experiments was defrayed by the Basic Slag Committee of
the Ministry of Agriculture.

In tJre meaatime interest in the level of phosphatic manuring
for potatoes had been aroused by Mr. J. C. Wallace's results at
Kirton, a:rd a series of experiments was arranged on a number of
potato growing farms using four by four Latin squares. The first
tests were made on Mr. George }lajor's farm at rrVisbech in 1928
and at Mr. J. C- Luddington's farm at Stowbridge; several other
centres have been arranged since.

Up to ttris point the experiments and much of the work had
been done by the Rothamsted Staff, T. Eden being iII charge till
1927, and H. J. G. Hiles il 1928. In 1929 H. V. Garner took charge,
and immediately widened the scope of t}le work by enlisting the
co-operation oI agricultural colleges, county organisers, and certain
schools which possessed the necessary facilities for small plot work.
This ha.s proved very successful; it has enabled us to carry out
uniform schemes of experiment over widely diflerent types of soii
and climatic conditions. The statistical staff at Rothamsted supplies
the form of Latin square and works up the yield data, ard the
chemical staff examines the produce. Mr. Garner and other memhrs
of the field staff maintain personal touch urith the workers at the
vadous centres, but are relieved of the detailed work involved in
the expcriments.
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)lorc r:laborate experirnents are made at somc of the centres
under the direct supen'ision o, the Ilothamsted staff, and in 1920
the new sampling technique for cereal crops y/as successfully used
on barley at Wellingore. In 1930 still higher replication was adopted.
The new phosphatic series oI the Basic Sl€ Corunittee has five by
five instead of four by four Latin squares; experiments of 32 plots
ur 36 plots were put down at several centtes on putatoes and sugar
beet, and two barley experiments of 64 plots each were carried
through by the sampling method. The following table sumrnarises
the number of outside centres aud Plots.

Cooducted by Roth-
amsled St!t{.

Conducted by Other

No. oL No. oI No. oI No. of
C€atrcs. i Plots. Centres. i Plots. Catrtres.

85
22i
t88
394

OBSERVATIONS ON FUNGOUS DISEASES IN CROPS ON
EXPERIMENTAL PLOTS AT ROTHAMSTED AND WOBURN

MAY_SEPTEMBER, I93O

By Menv D. GLYNNE

WHEAT
TAKE-ALL oR WlttrEHEADs. (Ofhiobohts graminis Sace.l was

prcvatent on Broadbalk particularly on the unfallo\,ved Plots. It
ipocarcd tc, cause scrious damage on Grcat Knott; on Fosters it
u:as only occasional and on Long Hoos Dicyanamide Grazing
txDcriment, 1929-30, none was found.

Le.rr Spor. (Settotis ttil,ici, Drsm.) was common on Broadbalk,
Fosters and Long Hoos Dicyanamide Grazing Experiment, and
was Dres€nt on Grcat Knott.

Yilrow Rusr. (Puccinia gltmarum (Sclrar.) EriAss. and Hean.\
was slight on Broadbalk arrd l-r.rng Hoos, moderate on Fosters and
common on Great I(nott.

BARLEY

Lrer Srnrrr. (Hdmhlhospoium gramineum Rabenh.) was
verv common both at Rothamsted and Woburn. The distribution
of ihe disease appeared to vary little from Plot to plot of the sa.rne

cxperiment, bui showed very striking differcnces in intensity in
diJierent fields. At Rothamsted in Great Harpenden Forage
Experiment it was very prevalcnt, but in Hoos Permanent Barley
the inJection was slight; at Wobum in Stackyard Permanent
Barley almost every plant was affected to some extent; in the
Rotation Barley on the same field lcwer Plants were affected, but
actuallv more were killed. There was some evidence to suggest two
kinds oi attack in one o[ which most plants were affected stightly,

Rc?ti.aLn Tt;als at Otlsida C.n rcs, 1926-30.

4
5

l0
l0
l7

t86
It2
23{ l0

4l
1B

160

4
5

5

t$!6
t921
lc28
lg20
1930
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ald in the other fewer plants wcre affccted, but scattered plants
were killed.

Ntr Brorcn. [(Pyrenttphorc lerx (Diedl DtecNer. (H elnir-
thos|otiurr. taes . Sacc .\l was present in varying amount on the
barley fields at Rothamsted and Woburn.

Lrer Brmcn. (RhynchosPoium sccalis (Outll Daur's) varied
very much in intensity lrom field to field. At Rothamsted on Long
Hoos Rotation II, none was found, but on the Commercial Barley
in the same field it was very common. On Hoos Permanent Barley
it rvas very common, and on the Rotation Barley uncommon. At
Wobum none was found on the Permarent Barley in Stackyard,
but in Butt Furlong field it appeared to be present on nearly every
plant.

Yprrow Rust. (Pucciaia ghtmantm, (Schm.\ Erihss. a Hcat)
varied in intensity from field to field, and was on t}le whole fairly
commol!.

Mrrorw. lErysiphe yaminis, DC.)was observed at Rothamsted,
but was more common at Wobum, especially on the Rotation
Barley in Stackyard.

RYE-ROTATION II
Lper Brorcn. (Rhynchosporium sccalis (Ottll Dazrs) was very

common on every plot.
Bnowx Rusr. (Puccinia secalira, Crnc) was present but slight

on every plot.

GRASS PLOTS

Cnoxr. (Efuhlae lyphina) (Fr.) Tul. was very Prevalent.
It was found generally on Agrostis, but was also found on two
plants only of Dactylis glomerata. The fungus was much more
ibundant on the unlimed t}Ian on the limed half oI the Plots, but
this may be connected with the more frequent occurrence of
Agrostis'on the unlimed parts. Tbe distributirin of Epichloe, how-
ever, is not entirely dependent on the presence of Agrostis because
on Plot 2 (unmanured after dung for the fi$t eight 1'ears) Agrostis
was olentiful and no Eoichloe las found.

T'hc fungus r,r'as mbst abundant on Plot I0 where potash is
deficient, and on Plot l, which receives ammonium salts alone.

OBSERVATIONS ON INSECTS ATTACKING THE FARIU
CROPS

MAY-SEPTEIIIBER, I93O

By H. C. F. NrwroN

\THEAT
TH! WEEAr BuLB FLY (Hybtnyia coorchla, Fall'). Present

on all plots on Broadbalk-worse after fallow, but damagc esti-
mated -as small. General.ly present on Fosters, Great Knott,
Hoos Field altemate wheat and spring wheat Plots, Long Hoos,
variety trials, and at Woburn on Stackyard.

. lNor.. !i.ld iDF.tioB b€gao alret .t.t.k b.d Ueco ir Progr6t , or 3 uurih..)
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Tnr Wsrer MlucEs (Silodit losis mosellaut, G6hin. Conl.arinia
trilici, Kvby). Present on aU plots on Broadbalk (attack estimated
to be the worst in the l,ast Iour years) and on all othelq/heat.
Attack judged less on Hoos Field spring wheat, but heavy on
Lansome at Woburn.

Tsr Wnrer LEAF MINER (Agromyza sp.). Attack rather severe
on Broadbalk, especially at edges of plots and on Hoos Field alter-
nate wheat; attack smaller on Great Ktrott, Fosters and Hoos
Field spring wheat and Long Hoos variety trials; more severe at
Wobum, on Lansome and Stackyard.

THx WHEAr Srru Srw-rry (Cephus figmeus, Linn). Gen-
era.lly present but damage insignificent.

BARLEY
Txr Gour Fw (Chlorofs tnenio|us, Meig). Attack very marked

on all phosphate deficient plots on Hoosfield, but present on all
plots. On the no nitrogen and no phosphate and uamanured plots,
practically every plant was attacked, and in many cas€s to the
extent of six or seven tillers. On the other plots attack was of the usual
sumEer type present, but damage small. Attack general on Long
Hoos barley plots, but not serious; rather severe at Wobum
(examined July znd) on Stackyard field.

Tsr Seoorr MroGE (Ha?hdi|losis equeslis, Wagn). Slight
attack noticed on Long Hoos and Stackyard (Woburn)-damage
insignificant.

Wrntwonus lAgriotes spp.l. During latter half of May slight
attack on Long Hoos barley plots.

OATS
THE FRtr Fw (Oscindla (Oxinisl ltit, Linn). Gcneral attack

on Long Hoos variety trials; on entomology oat plots sown Feb.
2Sfb., 22 per cent shoot attack; sown Mar. 30th., 37 per cent
shoot attack; sown Apr. 2fth., 30 per cent shoot attack.

WrREwoRy. Patches rather badly attacked on two northern
plots, Long Hoos, early in season (21.5 per cent).

THRrPs. Slight attack.

FORAGE MIXTURES
WHEer Burn FLy. Slkht but general attack on rye on pas-

tures-dam€e small.
Pre eNp BEAN WEEVTL (Sik a Lineal.t, Linn, etc.). Smalt

attack on pastures, rather severe iI Great Harpenden where it
was noticed that the nitrogen plots outtrew damage the best.

FRrr FLy. General attack on Great Harpenden-not severe.

MANGOLDS
Tnr Prcuy MANGoLD BEE"u-E (Alorlalia lbtearis, Sleph.\.

This beetle was generally pres€nt on Barnfield, a-nd to some extent
r€sponsible for the gappy plant. It was less lrequently found on
the drmged plots. The Black Spring-tail (Boullaidh honcnsis,
Fitcb ) was also pres€nt, but there was no attack by the Mangold
Fly (Peganla hyocyami, Panz.), <-rr the Mangold Flea-beetle (Plec-
lroscelis cotcinna, Yarsh). At Woburn on Jul1, 2nd, the man[olds
were well grown and except for the Black Spring-tail no;ther
pests rrere noticed.
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SUGAR BEET

- There was no significant insect attack on Long Hoos. At
Wobum (Jdy 2nd.) there was on Stackya.rd a poor plant made up
by transplanthg. Though tle Black Spring-tail was present ttrer!
was no evidence of attacks by the Pigmy Mangold Beefle, the
Mangold Flea-beetJe or the Mangold Fly. On Lansorne there was
a good plant; here the Black Spring-tail was frequent, and an
occasional plant was attacked by the Maogold Fly.

CRUCIFEROUS ROOT CROPS

- Attack by, Flea-beetles (Phltlhbeta, spp.) necessitated re-sowin$
both here and at Wot um-

POTATOES
No significant insect attack.

THE FARM REPORT
L lVeathcr.

The weather during the season 1929-30 was generally favourable
to farm operations. The autunn was wet. After January, how-
ever, drier conditions enabled spring work to start early. The
rainfall for October, 1929, to January, 1930, as compared with tbe
77 year average, was :

October November December January1929-30 4.5t 6.56 6.01 ?.21
1853-4-1929-30 3.ll 2.66 2.65 2.42

For the remaining monttrs, however, the rainfall was not far from
the 77 year average. Frost was rare, the average temp€rature for
January, aI.3'F, being 3.9' above the 57 year average, but this
did not prevent a good spring tilth, because a.ll the land had been
ploughed in good order during the early autumn. During the spring
and early summer the rain was sufficient to encourage vigorous
growth, and excellent hay crops were Iavourably secured during a
spell of hot, &y weather. Immediately afteni.artls the weather
broke, and several heavy thunderstorms laid most of our heaviest
grain crops. The broken weather continued dwing the first fort-
tright of harvest and aroused some anxiety ; later there was a marked
improvement which lasted until after the winter oats and some of
the wheat had been sown. The tota.l sunshine for the year was
very close to the 37 yeax average.

II. Farm Policy and. Deaelopments.

The laying down to grass was completed in 1929. In 1930 water
was laid on from the old suppty, which had to be en.larged for tlis
purpme, and the fields were divided into fenced areas of 6 to 9 acres,
each with water and some with shelters. Iu addition there are a
Iew small paddocks.

The buildings lvere next improved and extended so as to bring
ttrem all, including the Dutch Bam, under one roof. The extensiou
includes two cart sheds and one storage shed, two covered cattle
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courts, capable oI holding nearly thirty-six fattening cattle or other
stock, and accommodation for a large quantity of dr:ag.

It is proposed shortly to erect a demonstration room, a farm
ofrce and work room for experimental staJf and equipment, and to
install throughout electricity for power and light; this will con-
plete tle present scheme.

The worL on tbe arable land in recent months has been alfected
by tle lollowing trew factors :

(l) Corn crops have become so unprofitable that no more can
be growrr than will provide the minimum of straw required for
litter.

(2) There has been a rrarked increase in the experimental
prografirme; the new experiments including:

(a) Two new long term rotation experiments, one in Great
Hoos, the other in Long Hoos, Section IV.

(6) A set involving tbree crops in succession-barley, hay
and wheat.

(c) Forage mixtures and other crops.

These factors have made it necessar5,- to introduce various changes ;
they prevent strict adherence to atry one cropping s!,stem. The
classical fields and Long Hoos IV to VI alone are reserved ex-
clusively for experiments, but any of the remaining arable laad
is so used rrhen necessary. On the commercial farm two new crops!
showed promise : winter rye after farmyard ma:rure in early autumn,
and kale. The rye provides, at a cost of less than f2 per acre for
seed ald cultivation, uselul green food for erres, lambs and cows
from the middle of llarch onwards; it helps to prevent loss of
nitrate from the soil by winter leachirg; it effeitively controls
black bent and other &inter weeds, all of whicb are destroved in
ttre spring cultivation after the rye is ploughed up; and its roots
facfitate the production of a spring tilttr, a mattei of great impor-
tarce on this sticky soil. This use of rye as a catch crop would be
impossible witlout a tractor to carry out the autumn ploughing.

Kale is the second new crop in the commercial farming. It has
the advartages oI a root crop without the high labour costs. We
have still to discover the best folJowing crop. Barley is almost
certain to go down, potatoes and other roots would bc very suitable,
but soil and other considerations rule them out. This vear rye are
trying barley mixed with beans, and also spring sown (ir'.(awellous )
oats. Maize, for green food, and linseed for seed are also possible.

The policy for livestock is to Eake them as self-contained as
possible. Store cattle and store sheep are so dear that purchases
are reduced to a minirnum. As ma-ny polled black calves as possible
are raised and suckled by a few cous. A flock of nearlv 2OO
half-bred breeding ewes is kept. these are crossed with Suffoli and
other rams, and are timed to lamb Irom about the middle of March.
Alter lambing they are put on rye a::d on grass that receives a
nitrogenous topdressing early in Februarjr- Lambs are sold through-
out the year. Young cattle are outwintered as far as possible for
sale either fat off the gass duri-ng early summer, oi as strong
stores when the demand is greatest, according as prices move.
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I I L Cropfing, 1920-30. (For dates, yields and other information,
see Table on pp. 112-5.)

AJt winter com was sown ia September, lg2g, on a very dustv
tilth, except Broadbalk sown on October l6th. The plint was
thick and appeared to suffer no harm from the fine tilt6. It was
in unusually for' 'ard condition by the spring and looked promising
throughout the season. Winter oats in Little Hoos, and wheat in
Fosters, just resisted lodging, and were cut a few days early to
secure them against storm damage. Most of Great Knott wheat
was hopelessly laid, the damage commencing as early as June,
with_consequent loss of yield; on some of the plots where there
was little lodging the unmanured wheat gave the remarkable yield
ol 27 cwt. (50.4 bushels) per acre.

The Broadbalk wheat, on the three-fifths rvhich had been
fallowed in the previous years, was completely laid, except for the
rmmanured plot. The yields were, in consequence, considerably
less than the record.figures obtained from the top two-Iifths in
1928. In 1930 the top two-fifths were not laid but gave poor yields,
with much black berit (see pp. 122-3). Barley uis griwn irn the
experimental fields only-

Pot-atoes r,vere planted earlier this year on Long Hoos (April
2nd-3rd), and the yields were considerablv better than last viar-
The crop was again lifted under excellenfconditions. Sugar'beet,
sown alongside on IIay gtb, was aEain disappointing. ThG occurs
so frequcntly at Rothamsted, though not at Wobum with its lighter
soil, that in l93l rve are comparing very intensive cultivition
and manurial treatments. Barn Field mangolds sown on May l0th,
gave better crops than in 1929.

A healy crop of seeds hay (some 40 cwt. per acre) v/as cut from
Great Harpenden and Lon[ Hoos IV. Tbi afterriath in Great
Harpenden was left for sheep, part being ploughed up in time for
sowing winter oats, ald the rest for spring oats. Long Hoos IV,
however, was ploughed up at once and prepared for the second long
period Rotation Experiment (pp. f28-9). Irnmediately after harvest-,
Sections I and III in Long Hoos were durged, the mustard on II
was folded oif with sheep, and all three sections were sorm with
rye, on September 26th-30th.

Little Hoos was also dunged after harvest, having given healy
uops for several years without duag, and was then laid out foi
certain of the I93l experiments. The winter rye in Pastures proved
most useful for the cwes aad lambs irr spring. It is frequently
objected that this crop grows so quickly that it soon becomei
coarse and unpalatable; efficient stocking, however, prevents
thig, and its quick grorth is one of its great virtues. \\'Len grass
suftced for the ewes and lambs the rye was ploughed up, by sections,
and sown with kale from May l7th. The crop suffered much from
the turnip flea beetle; the whole Iield had to be sown a second
time, and parts of it a third time. This trouble would be reduced
by earlier ploughing of tbe rye and earlier sowing of the kale, but
as against this early sown kale is apt to be too miture by the time
it is most wanted.

Fosters Field was undersown rrith Italian Rye Grass and Broad
Red Clover. Part nas drilled, part broadcast; the latter method
was good, but the former was better, as usual in this district. By
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September there was a.n excellent bite of young grass in this fietd,
which was admirable Ior flushing our ewes.

III. Sbch.
A start was made this year in trying to raise suftcient calves to

supplement the sheep stocking oI our grassland. Four in-calf
heifers were purchased, and after calving they are given bought-in
calves to rear in addition to their own. Lambing commenced on
February lst, possibly rather early under our conditions. We bave
not yet been able to wean a 150 per cent crop oI larnbs, because of
the addition of gimmersl to the flock. A {ew oI the ewe lambs,
purchased in August, 1929, produced lambs, but neither larnbs nor
mothers did particularly well. More ewe lambs were purchased in
September, 1930, ttrus raising the number of our potential ewe flock
to nearly 200.

IY. Grqss.

Favoured with a good season for grass in 1930, all the grass on
tfre farm has shovm a steady and, in some cases, a surprising irn-
provement. Summer growtJr was so good that much hay had to be
cut, and all fiel<ls were, as usual, topped. There was an abundance
of aftermath on all fields in the autumn. Little Knott which has
had pride of place for the last two years, has now serious rivals.
Next to it, and equal to each other come Great Harpenden and
Sawyers (next West Bam); both these were sown in August, 1928,
and despite the very severe frost that followed, the wild white
clover survived and now forms a dense mat. This early autumn
sowing was a distinct success.

New Zealand is also improving. It has filled up remarkably,
clover is becoming prominert and weeds have been la.rgely
suppressed,

Great Knott looked very brown by the end of 1930, due pos-
sibly, to the strength of the cocksfoot. Parts of it are still some-
what thin and weed grasses are still too prominent, but it has been
heavily trampled with stock during the winter of l93G3l.

Great Field continues its steady improvement, and has been
very severely grazed with sheep throughout the winter of 1930-31.

The worst grass now on the {arm is in West Barn and Stackyard,
but the former has improved considerably, and tle latter is bene-
fiting from heavy winter treading.

One of the outstanding demonstrations on our young grass is
ttre injurious effect oI sulpbate of amrnonia on the young developing
plants of wild white clover, even though the grass be well and
thorougtrly grazed. This fertiliser should not be used on a penna-
nent grazing pasture while it is becoming established; whetAer or
not other nitrogenous manures are safer we carmot yet say.

VI. Im?lerncnts-
Through the kinclness of some of the leading implement manu-

Iacturers, we have a large vadety of implements at oul two farms,
eittrer presented or on loan, ttre vdue of s,hich exceeds {1,00O.
These are among the most useful oI our Iarm demoastratioas, and
are a never Iailing source of interest to farmers. One reason why

r A aloEc ir . yool8 .r. th.t h.t @t y.t bomc LED&
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rve desire to improve our demonstration accommodation at tle
Iarm is to extend the opportunities for showing and describing
the implements. Among firms to wttom we are indebted we wish
especiaUy to mention the following :

Ruston, Hornby, Ltd. (Grain drill, binder and trusser).
Ransomes, Sims & Jefferies (plougbs and cultivators).
J. & F. Howa.rd, Ltd. (ploughs, potato lifter).
Ford Motor Co., Ltd. (tractor).
Intemational Harvester Co. (manure distributor and grain drill).
Wallace & Sons, Ltd. (potato implements).
Jack & Sons, Ltd. (turnip implements).
Ma-*sey, Harris, Ltd. (dung-spreader, pulverator).
W. A. Wood & Co. (mower and harrows).
J. Wilder, Ltd. (Pitch-pole harrows).
BamJords, Ltd. (hay machinery).
Blackstone & Co., Ltd. ftay machinery).
Simar Rototillers.
Geo. Henderson (manure distributor).
Harrison, McGregor & Co., Ltd. (root pulper, manure distributor).
E. H. Bentall & Co., Ltd. (cake breaker, etc.).
Cooper Stewart Engineering Co. (sheepshearing machine).
R. A. Lister & Co., Ltd. (oil engine).
Cooper, McDougall & Robertson, Ltd. (sheep dipper).
Cooper-Pegler & Co., Ltd. (spraying machines).
George Monro, Ltd. (motor-hoe).
Allen & Simmonds (motor-hoe).
Parrniter & Sons, Ltd. (cbain-harrows).
Garvie & Sons (grass-seed broadcaster),
Dawe-wave Wheel Co. (tractor wheels).

vII. Stafl.

Mr. C. Frith, as voluttary student assistant, is coUecting data
on the commercial farming side, particularly retrating to the live-
stock. At both farms our herds of pigs ald flocks oI ewes are com-
pletely recorded, and as tle farms develop it is hoped to extend this
branch of the work and to study various management a.nd other
problems.

A constant stream of Danish students now come to our Iarms
for varying periods to study tield experimental methods and to gain
exprience oI English farming. In return we are hoping to send
members of our farm staff from time to time over to Derunark ; the
Iirst will, we hope, go out in the summer of 1931.

METEOROLOGICAL OBSERYATIONS

Meteorological observations have been systematically made at
Rothamsted for many years; these records arc being used in the
StaGtical Department in interpreting crop records. The Station
has co-operated in the Agricultural Meteorological Scheme since its
inauguration by the Ministry ol Agricultural in 1926, and possesses
all ttre equipment required of a CropWeather Station. The obser-
vations taken under this sclerne include :
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OBSERVATToNS raKEN ONCE D.urv : 0 a.m. G.M.T.
Tcmfaahoes-max!-* .rd minimum (screen), solar

maxrmum, grass murmum.
Rarr (inches) arl.d Sunshiae (hours and minutes by Campbell-

Stokes recorder) during the previous 24 hours.
OBSERVATToNS rAxxN TuRtcE DAILY: I a.m., 3 p.m., and

I p.m. G.M.T.
Temleratures-wet and dry bulb (screen), 4 inches and

8 inches under bare soil.
IYind.-4iection and force (continuously recording : record-

ing anemobiograph).
ITearrr-(Beaufort letters).
Visibility.

These, together with notes and observations of crop growth are
used in drawing up the weekly statement for ttre purpose of the
Crop Weather Report of the Midstry of Agdculture.

Additional data are collected utrder the following heads :

Renretlox.-A Callendar Radiation Recorder (on loan from
t}re Imperial College of Science) gives a continuous record of the
radiant energy received on two blackened platinum foils situated on
the roof ol the laboratory. The records are compared with those
for Soutfi Kensington, and are also used in plant physiological
studies in the Station.

Rarxnerr eNo DnerNecr.-The rain latling on one thousandth
of an acre is collected in the big gauge erected by Lawes in 1871.
Sarnples of the water are analysed fut order to ascertain its nutrient
value.

Three drain gauges, each of one thousandth of an acre, orighally
installed by Lawes in 1870, and Iitted with contiruous recorders in
1926, give the drainage through 20 inches, 40 inches and 60 inches
of urcropped and undisturbed soil. A small continuously recording
rain gauge is used in connection rith these.

On June l8th, 1930, 0.62 inches of rain fell in twelve minutes,
and a further 0.08 inches within the next half houi. Drainage at
20 inches ceased on Jurre 2lst, and at 60 inches on June 24ti ; in
both cases only 0.06 inches had percolated. trIore ihan 0.6 inches
had been needed, therefore, to make good the loss from evaporation
which had occurred during a fortnight oI fine weathei which
preceeded June l8th.

Eve ponerror.-The amount oI water that evaporates in 24
hours from a porous porcelain candle dipping into a bottle of water
G measured daily by the loss in weiglif. This measurement has
been fouad to give a good general indication of the " drying porver "
of the atmosphere during rainles periods which, beiig c-ontrolled
ty l-4, ,radiation, and humidity, is difficult to complete fiom
standard data.

SoIt Truprnerunr.-Soil temperature records are talien under
grass as well as bare soil. These are a coutinuation of experiments
which have been carried out for some years past and which have
for their object ttre determination of the best times for making
single temperature meilsurement for use in calculating averages.
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Raitrfall (itrches).

Mean Air Temperature (oF).

i9
-i

!

{-->'
--'1'r'-\- -.-. <

]).r'--'='=-

l.:==
qEa!!r-=!l!PA

Suosbine (Hours).

Deviation from average monthly values of sunshine, meau air
temperature, and rainfall-Season, 1929-30.
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