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REPORT FOR 1935
The purpose of the Rothamsted investigations is to develop a

science oI agricultue that farmers, manufacturers, merchants,
expert advisors, lecturers and others can use in their daily work.
The range of the investigations includes the growth and composition
of crops, the properties of soils, of fertilisers and manures, the
conditions in which each can be used to the best advantage, soil
management, plant diseases, insect pests, b€es and other subiects.
Every effort is made to ensure that the information obtained is
trustworthy and to specify the conditions over \rhich the results
mav b€ exp€cted to hold good.

It is recognised that British agdculture is exceedingly complex,
owing to the wide variations in soil and climate in these islands ;

and further that its economic position is liable to constant change
owing to the peculiar relation in which the country stands to the
towns. Only about 10 per cent. of our population is concerned in
agriculture, yet this small body oI peopte produces about 40 per
cent. of the food of the entire nation, omitting such things as tea,
oranges, etc., which cannot be grown here. No other body of
farmers has a better record than this. Whether one judges by value
of agricultural output per acre or value per man the achievement
oI British farmers is remarkably good.

The importance of a prosperous agriculture is widely recognised,
and various devices are now adopted to ensure that the British
Iarmer shall hal'e a fair share of the home market. But this puts
upon him the responsibility of maintai.ning a high standard oI
efficiency, and to this end it is imperative that he should have at his
disposal reliable information about the materials and methods he
uses, and that he should know of alternatives that he ca-n adopt
whenever he sees some reason for making a chartge. A method
advantageous for one Iarmer may be quite unsuited for his neigh-
bour, but all alike benefit from the knowledge yielded by properly
conducted experiments. Our purpose is to obtain this knowledge
and to put it into such {orm that it can be utilised by all who are
interested.

This view o{ our function accords with the historic development
of Rothamsted. I-awes himseff declared, on the occasion of the
opening of the Testimonial Laboratory in 1855, that " the object
of these in\,-estigations is not exactly to put money into my pocket,
but to give you the knowledge by rvhich you may be able to put
rrioney into yours."

This is also the most economical procedure. Agricultural experi-
ments are necessarily slow, each one usualiy taking several seasons
to complete, while economic changes march quickly and' ad, hoc
experiments may easily give their information too late to be of much
importance. On tbe other hand, sound trustworthy lanowledge
about soG, crops, fenilisers, etc., has permanent value and can
be used Ior the most diverse purposes. The agricultural crisis oI
recent years has by common consent been the worst in our history,
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yet farmers did not sulfer as much as in some r,f the earlier ones.
There can be little doubt that one important reason Iav in the
better rqsearch, educational and advisorv serwices no* ,lriil"bl".

THE \YORK OF 1935.

. D-rring the season 1935 much steady progress has been madeir all departments of the Station, and loire -of the old work has
reached a definite stage where it could be regarded as sufficiently
advanced for fiaal publication ard a new diriction could be given
to the programme. The examination of the 50 vears, experimintal
work at Woburn (1877-1926) has been completla, ana tle Uoof is
now being published by Iuessrs. Iongmars a-Jone oi the Rothamsted
Monographs on Agriculrual Scienie. Mr. Cutler and Miss Cmmp
have rounded off a great deal of their work, and published it abl
as a Rothamsted monograph, " Problems in Soil Microbioloev-,, Irr
both cases time and resources have been set free Ior newlnes of
investigation- Mr. Samuel has completed his survey of mycological
problems and drawn up a prograrrime, on which i start'has Eeen
made.

CROP PRODUCTION
During the past few J.ears many experiments have been made

to investigate the response of the moie important croDs to fer_lilisers. The results have been disseminited among farmer.,
fertiliser manufacturers, atricultual experts ard others"interestd
and have influenced fertil.iier recipes and practice enabling farmers
to--obtain better crolx at little if-any moie cost and ofte; at less.
When one recalls the fact that some {6,000,000 was spent by farmers
on fertilisers in 19311-5, accordirg 

-to 
the reports'of th6 various

fertiliser-associations, it is evideni that a saving of a few per cent-
irr the efrciency of utilisation amounts to a ve{r respectaile total.
. The exlreriments show, however, that on our present methods

the farmer recovers only a part of the fertilisei used. Of tbe
nitrogen applied, even in the most emcient fertilisers, not more than
210 to 60 per cent. is recovered, and the lower fisure is more usual
than the higher. Recovery of phosphate is sina[er and rarelv
exceeds 25 per cent. even on grassland, and after residual effecG
have been taken into consideraiion. Numerous experinents are
now being-_made to explore the possibility oI a betier utilisation
of the fertiliser, and i[ the recent experiments on sugar be€t and
potatoes the fertiliser tests are usuatly combined witii cultivation
tests such as time of sowing, widrh oi spacing, method of placins
manure, etc. A number o{ these experiments are made n6t onli
at Rothamsted and Wobum, but at outside centres also, and their
are rendered the more important because so lar the sugar beet crop
commonly fails to respond adequately to the Iertilisers-used- thougir
Ior what reason is not yet cleir. ihese outside experimints ie
much appreciated by farmers: in the Isle oI EIv. for instance- the
Branch of the National Farmers' Union asked ui'to support iheir
application to _the County Council for a County rigricultural
Organiser in order that thil type of work might b6 ae"itopea.

a
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GRASSLAND EXPERIMENTS
As in previous years, a number of grassland experiments have

been carried out in diflerent parts of the country to compare the
valires of the different types of basic slag now available or likely
to become so, and also to study the effects of an even cheaper
material, mineral phosphate. These experiments are carried out
under the agis of the Ministry oI Agriculture Basic Slag Com-
mittee, and at the request of the slag makers and largely at their
expense; they are being continued and extended to include certain
new tJ?es of slag resulting from changes in the method of steel
mfing. The result has been to prove the genera.l superiority of
high soluble basic slag over other forms, although the low soluble
slag and the mineral phosphate both have value in certain condi-
tions which are gradually being discovered. A.lready these investi-
gations have had the very useful result of increasing the proportion
of the agricultually effective slags as against those of less agricultural
value : this is shown by the following figures of deliveries oI ground
basic slag in Great Britain :-

Delive es, Tons Percentage of Total
Deliveries

I{igh
Soluble
(80% or
more)

I-o*'
Soluble Total

High
Soluble
(80% o!
more)

Low
Soluble

1924-1925
1929-1S30
1934-t935

126,O25
222,312
203,O70

I17,5t4
83,407
77,353

243,539
305,749
280,423

51.8
72.7
72.4

44.2
27.3
27.6

The new medium soluble slags, however, present special difficul-
ties in that they show greater differences in eflect than can be
accounted for by their solubfity in citric acid. With the ta-king over
of a considerable area of additional grassland in 1934, it has become
possible to arrange for grassland experiments to be made at
Rothamsted also, and plans for these are being worked out. An
investigation is being undertalen at the request of the Royal
Agricultural Society to ascertair the effect on grassland of feeding
cake to the animals grazing there: in particular to discover how
far any improvement ellected can be related to the composition oI
the cake and how long such improvement lasts. Unforturately it
has not yet been found possible to design a completely satislactory
grazing experiment: the older t5rFs of experiment do not satisly
modern statistica-l tests. An attempt is being made this year to
overcome the difficulty by fencing off small areas withil the grazed
plots for short periods and weighing and anal]'sing the herbage
produced.

ARABLE CROPS.
Sucen BBrr. These experiments are carried out under the egis

oi the Sugar Beet Research and Education Committee of the Sugar
Beet factories and the Ministry of Agriculture.

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-1-67 pp 5

Spacirg Distarce. During the past three years the elfects of
l0-, l5- and 2Ginch spacings have been tested. The results have
varied rrdth the season, but on the average of the three years no
marked effects have been produced by dilferences in spacing.

ElJ.ct oJ Spae;r.g : yiclds of uashed roots; tats fer adc.

20-in. rows
l5-in. rorvs
lGir. rows

In 1933 the yields at both centres increased steadily as the
spacing narrowed; but not in the later years. The yields in 1933
were poor, and the beet remained small hov.ever wide the spacing,
so that a higher plant number meant a higher yield. In 1933,
narrower spachg increased the sugar percentage, but it was without
effect in 1934 and 1935 and on the average it was not worth the
additional haad labour required. The spacings in the factory series
of sugar beet experiments vary from 18 to 22 inches.

ElJect ol sulphatz oJ ornmotia at diJJereN slachgs. Sulphate
of ammonia had no elfect on y.ield at Rotharnsted in 1933, 6ut ir
bolh lqter years its effects were greatest at the narrowest spacirg.
At Woburn there were significant responses to sulphate oI ammonia
in 1933 and 1935; in 1933 the response increased as the spacing
narrowed, but not in 1935, and on the average there n'aa littL
d,rffe191ce betn een the three spacings, the lLinch spacing giving
the highest mean response.

Rothamst(d

lS33 1934 tS35 tlean 1933 1934 1935 f,teatr

Spacirg t033 193{ 1935 ll€an 1933 1934 lg35 l\tean

8.5 18.3 ll.9 r2.9
9.O 19.2 12.0 r3.7

10.2 17.9 t3.0 13.7

5.5 14.5 ll.4 10.5
6.5 l3-7 rO.7 rO 3
?.6 13.') n l ro q

3S.0

44.7
47.3

33.4

42.4
43.1

20-itr.
l5-in.
l0-in.
LIean

.. -0.t5 1.72 1.25 0.94

.. 0.36 0.78 2.22 1.12

.. 0.09 2_32 2.83 I 75
- . o.l0 l.61 2 10 1 27

0.83 0.06 l.I5 0 68
2.91 -0.72 1.83 1.34
2.94 -0.48 0.3r 0.92
2.23 -0.38 l.l0 0.98

There are indications that sulphate oI ammonia had less harmfuI
eflect on sugar percentage at the narrower spacings, but the effect
was small and not significaat. The mean yields of total sugar, in
cwt. per acre for the three 1'ears 1933, 1934 and 1935, r.ere:

oI ammonia i 20-i-tr, l;l'in l0 in.
per acre

None
3 cwt.

None
3 cwt.

At Rothamsted there is little diflerence between the mean yields
with the 20- and llinch spacings, wherher nitrogen was appled or
not; with the I0-inch spacing. houever, the appfication ofnitrogen
gave an inoeased response of about 3 crt. of sugar. At \Ioburn

R.saonscs to st ryhalc oj drrrmonia ll clut- pe, oc".l d difJcl.it slocings.
Washed roots (totrs per acre)

Rothamsted , Woburn

Rothamsted
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the results for the 15- and l0-inch spacings are similar and show an
increased yield over the wide spacing of 2 cwt. in the absence o{
nitrogen and 4| cwt. in the presence of nitrogen. The indications at
both centres are, as might be er.?ected, that nitrogen produces a
greater effect at narrower spachgs.

Bolterc. In the Rothamsted experiment of lg35 about 18 per
cent. of the plants sown at the ear[est date (March 15) bok;d.
In lfuee oI the experiments at Bardney and Brigg the proportion
was aboui 5 pertent. and in one it was less than I per cent. 

-At 
one

centre about 25 per cent. bolted and an experihent was made
involvi-ng four treatments : (I ) untreated, (2) *oody bolters pulled,
(3) woogy bolters putled, other bolters cui in July, (4) a Lolters
cqt in July. Some of the pla-nts cut in July did not agaia bolt.
The average weights per root were :

Good b€et

AveraSe \^ eigbt per
root 0b.)

trot bolted

Sugar, per cent. ..
1.28

l7 .71
1 l8

17.23

The chiel loss from bolters is that the woody ones weigh about
4.o per cent. less per root than the others, although in aU bolters
the sug-ar, percentage is slightly reduced. Since about 60 per cent.
oI the bolters were woody the loss of sugar oi all bolters averaged
about 25 per-cent. and on the whole crop was about 6 per cent.
This was much smaUer than the rather alarming appearanie of the
bolters on the field had suggested. This estimaie iiles no account
of the effect rvhich the bolters might have on the growth of neigh-
bourirg plants which did not bolt.

At Rothamsted, \,here most of the bolters were woody, the
results were :

As before the average loss in sugar per bolter is about one
quarter.

The cutting of the bolters in July proved very successfirl, giving
an increase o_I 3 _cwt. per acre in total sugar.

The standard fertitisers affected the -percentage oI bolters as
follows :

Percc"tqc of boltcTs

Caistor . .
Scottoo
llethering-

ingham
Rothamsted

Sulphate of ammoda Superphosphate Sulphate of pota-sh

One TwoNone One Two
dose doses

4-2 21 g 19
2.1 2.7 2.6
5.0 6.4 6.3

4.2 4.8 4.9
2.2 2.8 2.8
4.8 4.1 6.5

2.9 4.7 6.1r.4 2.8 3.44.7 5.1 7.3

0.79 I 1.30
17.02 I rz.rr

Average Feight per root (lb.)

13.0 20.o 22.3
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AII three fertilisers increased the percentage of bolters, the
increase being greatest for sulphate of a.rrmonia, which had atso
the greatest effect on leld. For potash and phosphate rhe single
and double dressings behaved alike, whereas suJphate of ammonia
gav_e a more uniform increase. However, the effect is unimportant
and is well covered by the increases in yield given by the sfuphate
of ammonia at all four centres.

The amount o{ bolting at Rothamsted was also affected by the
width betl'een the rows, decreasing as the spachg narrowed.

Percentage of bolters

Spacitrg.
20 in. 15 itr- I0 in

.. 22.3 t8.r 14.9

ElJect oJ Ferl.il,isers ott Yield.
The Sta{Is of the Sugar Beet factories generously co-operated in

an extensive series of manurial experiments and we wish to record
our deep indebtedness to them for their help. Ar elaborate series
of chemical examinations of the various soils is b€ing carried out
and is already yielding most valuable inlormation about the rela-
rions between soiJ properties and fertiliser responses. The average
vields for aU the factory experiments of 1935 were:

Sulphate of I Super-
I Ammonia.. I phosphate.

Cwt.peracre ..10 2 4 | O 3 6
Roots, totrs per acre | 8.94 9.5810.07i 9.46 9.55 9.58
Tops, totrs per acre | 6.86 8.12 9.421 8.OJ 8.17 8.20
Sugar, per ceDt . . I I7.22 I6.99 I6.591 16.95 16.91 16.S5
Su8ar, cwt. per acre 130.8 32.7 13.5 132.2 32.3 32.8
Purity, per cetrL. .. 188.2 88.1 87.5 187.9 8?.9 88.0

Mea.tr Yieid per acre. I lDcrease iD sugar in cwt. per acre for
Wasbed Roots. Sugar.l 4 cwt. sulphate Scst.supei- 2l cwt.Muriate

toos. cwt. J of atr]moDia. pbospbate. of potasb.9.53 32.4 I +2.7 +0.4 +0.9

}Iuria.te oI
Potash.

011 2,
9.43 9.53 9.58
8.12 8.18 8.10

16.8016.9617.04
3r,8 32.6 32.7
87.8 87.8 88.0

Hearl-rol itt Sugar Beel.

For the first time at Rothamsted a severe attack of " heart-
rot " in sugax beet was Iourd on the plots of the spacing, sowing-
date, nitrogen experiment (see p. 2B). The disease was rather
localised in its occurrence. One block of the ex?eriment was much
more seriously affected than the rest, and beet in other parts of the
same field were practically free from the disease. The percentage
ol plants showing symptoms decreased \Mith later sowing. The
disease is attributed to boron deficiency arld is being further
studied.

PorAroES. At Rothamsted the ef{ect of time o{ application ofthe
fertilisers was studied, the dung being either ploughed in during
November or applied in the bouts in spring, and the artificials either
broadcast before ridging up or applied in the ridges. fn each case
application in the bouts proved the better. The mea.il y,ields were,
in tons per acre :
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DutrS ..
Comltete artificials .. .. .. .. ..

Fertiliser Applied.
Before In the

bouting. bouts.
7.15 8 06
7.5a 9.70

Other

The increases due to dung \rere J.4 tons Der acre where no
superphosphate or muriate oi potash were givdn and l.g tons Der
acre where theJ- were present. Sulphate-of ammonia aDDlied
alne had no effect, but with minerals-or dung it gave an iriieare
of 2.1 tons per acre.

The effects of treatments on the prcentage of ware were similar
to those on yield.

_ The potatoes were lilted in October, and the produce stored in a
clamp in the usual tvay until Februarv, the produce of the diflerent
plols being kept distirct. The loss- in w;ight averased 4.b Der
cent.. It was Iess for dung in the bouts (4 pei cent.) thin for dring
ploughed in (6 per cent.).

About 7 per cent. of the potatoes went bad on storine- Dune
and minerals both increased ihe proportion of bad potitoes bi
2 per cent.: sulphate of ammonia-had little eflect. Further, th"e
potatoes 

_did not keep so well when dung was applied in the bouts
as when it was ploughed in, the loss bline 8.?'Der cent- a_sainst
6.3 per cent. On the other hand, artificiali apptiid in tbe tuts
gave -in this experiment better keeping potiioes than artificials
broadcast be{ore bouting,

__ lerqntnge wgre- In view oI the reguJations of the potato
Marketing Board it is now important to s-tudy the eifects oifertll-
rsers on the proportion of ware as well as on t;tal vields. The nrrm_
bers of experiments used in the following su-ma.-n, are 3 in 1932.
6 in 1933, 13 in 1934 and 8 in 1935. The-amounts,if *an*", *".1
fairly uaiform and the resr:lts have been reduced to fix"a arnor-i"
of fertiliser: The size of riddle was generally l| to l| inches. ihe
average percentage of ware varied, with one exceptiori, from 6O per
cent. to nearly 100 per cent.

The- mean increases in percentage ware given by sulphate of
ammonra (3 cwt. per acre), superphosphate (3* crit. p6r acre).
sulphate, or muriale oI potash (2 cwt. per acre) anil poultry
manu.re (about I ton per acre)were: -

-0.36 (10)

- r.82 14)

- r.r6 (12)
0.82 (8)

. The figures in brackets show the numbers of experiments over
which the means are taken.

The fertilisers increased the percentage ware onlv where thev
al5o increased yield. Where there was an increase i;yield, potash
consistently increased the percentage ware, givini 

" ,i.lki"n
average increase oI J0 per cent. The other thiee firtilisers haE
smaller and less consistent effects. There was a large proportion

Sulphate oI ammonia
Poultrv l{anrrePoultry llanure .. ..
Superphosphate .. ..
Sulphate or muriate of potash . .
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of very small responses for aU fertilisers, but these mostly occurred
at centres where the mean percentage ware was over 90 per cent.
and little further increase was possible.

Four experiments included farmyard manure; all gave a clear
response in yield and two gave a large increase in percentage o{
ware :-

Mean
per cetrt.

93.5
41.2
70.8
73.3

Rothamsted 1932 (15 tons)

,, 1035 (15 toos)
Wimblm8totr lS35 (e4 ton.)

Itrcrease itr per
cent. ware with

farmyard manure
0.6
1.2

17.7
r6.6

Oatside CeNres. The manurial experiments on potatoes were
made as usual at a number of centres, which may be conveniently
grouped as fenland and as mineral soils.

Fnla*l Soils.

YicA,
Standard

Centre. Error.

Lighl pealy soils
Thoraey .. +0.466Mepal .. +0.414
Wimblingtoa +0.143

Il.atry Fcn soits
March .. +0.314
LittteDo{,Dbam +O.194

Sulphate of
Total CroP, 1935.

Ammonia.

0 ri 3

8.05 8.16 9.00
8.91 9.57 9.99
6.90 7.38r -

6.15
3.S1

Super-
phosphate.

041 9

Sulphate of
Pota-sh.

oll 3

7.98 9.00 8.23
8.8t 9.5410.12
6.68 - 7.611

5.23 7.04 8.t3
3.50 5.031 6.53r

7.86 8.50 8.85
7.16 9.84 11.47
6.54 - 7.74'

6.71 7.18 6.5r
4.73 5.291 5.03'

6.93 7.32
5.34 5.81

{1)
(r)
(3)

Stdphaae ol @nia ,l t. ; SlrEt hosphat 6 crt. ; Sulphat o, pot4L ,l dl.
SDlphat! ol uEolia ,l od 6 t.
Solphat ol Dotah I od 2 {!.

At Thorney responses were not very marked, but at Mepal
nitrogen and especially potash acted well, the increase {or the 3 c\Mt.
of sulpbate of potash being 4.3 tons per acre. At Wimblington all three
fertilisers gave a signi{icant increase. Dr:ag proved very effective;
8I tons of dlmg gave an increase oI 3.70 tons in absence of potash
and l. tons when potash was present, this interaction beint
significant.

On the heavy soils nitrogen and phosphate did well, but
there was no response to potash. The experiment at Little
Downham was planted with early potatoes, but they were cut
down by the great frost of lTth May and allowed to stand later
than usual. They yielded well and responded markedJy to fertilisers.

Mirural Soils

The experiments on mineral soils fall into two Broups, one
testing the e{fects of the separate fertilisers, as aboye, the other
showing the action of increasing levels of a mixed fertiliser.
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D..p silt.
Wisbcch
Ligtt loam.
lUidland CoIege
w ar?.
O{,stoD Ferrv

Lincs-
H.aoy.
Cadishead,

t0.67r10.r6

8_64 8 37'

Sulphate oI
Poiash.

NoDe S'gle D'ble

10.42 ll.l2rl0.2t
8.60 8.24! 8.?0

9.1410.54r10.97

+0.346

*0.279

+0.396

-l- - -0) SinsL sulphatc ol almoda2 cwt.i silgl€ sup€rphospDa(e 4 cpt.; sintl..dptat. of Dor.rb
Lancs. .. +0.403 3.63 4.88. - l - -

Staadard
Error.

2 wt.
(r) SiDsl. s'dphatc ol @bonia tI cra.; silslc sdDbate or porst l* cFt.(l) SiDale $lpb.t. ol Dol6h r .;t.(l) SiDsIe erEtphosDhate s *r.

_ There was a response to potash at the warp Iand centre at Owston
Fe.yy e1'e1- i_n plesence of dung, and to p[osphate on the heayy
soil at Cadishead. At the other two centies the usual dressing oi
dung produced maximum yields.

Yield, lotts pct aue, totat cro?,1935
Iacttasitg ktels oJ cor,fkl. F.nilis.t.

Fertiliser cwt. per acre.
0 4 8t2 16

Laght loort.
Midlaod Colege, Notts. 7.83 8.02
Sandj.
Messingbarn, Lincs. .. 6.26 6.88

7.79 7.91 - +0.355

8.70 9.71 9.8r +O.3?9

Gnyingham, I-incs. .. 8.47 9.03 S.33 9.31 9.64 +O.3go
Dung was given at all centres, At Messingham there was; Aood

response, but a signiticant fall.ing off in effeCtiveness at the hi-gher
levels-of manuring. At Grayingham the response though small -was
sigxificant and proportional to the dressing applied. -

Brexs. In 1934, the e{fects of aung, nltroihatk and muriate of
potash on the yield _of beans were studied, and in 1g36, super-
phosphate was included and two spacings of the rows were tried.
The mea-n yields were :-

Meaa
Yield

per acre.

18.7
15.0
21.0
263

DuDg.
l0 totrs

2.1

9_8

Nitro-
chalk

0.4 cwt.
Nitrogen
Per acre-

Super- f[uriate
f Potash
1.0 cwt.

Kp
Per acre.

1934 Glaia . .
Stravr ..

1935 Grain ..
Straw ..

0.6
0.6
t.2
2_1

1.6
I.O

Significa t incrcdses are f inted in itatics

,--]h9 mean yields and the effects of fertil.isers were greater in
1935 _than ln !$a. Dung gave large increases in both tears but
esp€cially in 1935. Nitrocha-tk gave slight but not significant
increlses: superphosphate had no effect,lhe apparent djpression
in 1935 not being significant. Muriate of pota-sh aifarently iricreased

Statrdard
Centre. Error.

tons.

Yield. ,ons acre, lotal crcp, 1933
) oI I Super-

-r"o
- 1.7
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the yield in both years ; the eflect for grain in lg35 was significant,
and that lor straw alnost so. The result is interesting for, apart
from potatoes, most crops on the heavy Rothamsted ioil are-not
very responsive to potash.

Th€ 18 inch spacing of the rows gave an increased yield over the
inch spacing o{ 2.8 cwt. per acre in grain and 4.6 cwt. per acre

in straw. The response to mudate of potash was significantly
greater for the wide than for the narrow spacing and there was an
indication of a similar effect for dung. This result was
unexpected, for with narrow spacing individual plants have a
more restricled nutrient supply than with wide spacing, ard might
be expected, therefore, to show greater responses to added fer-
tilisers as indeed the sugar beet did. (p- 23.)

WHeer. The question when best to apply nitrogenous fer-
tiliser to wheat has'been much studied. Verri'viriable r"esults have
been obtained, the eflect of the nitrogen aeircnaing largely on the
\i/eather. Excessive railfall may wash the aitrogen beyond the
range of the plant roots, whi.le laci< of rain may so liiit go-wth that
additional nitrogen, even if taken up by the plant, could not be
utilised-

The influence of variable water-supply can be eliminated i'rr
potrulture, and in these conditions Dr. Watson Iound that nitrate
o{ soda gave the same increase of grain yield at whatever time it was
applied {rom sowing time to the end oI May. A still later application ,
after ear emergence in June, had no effect on yield, althbugh the
nitrogen was as fully taken up as before. The yield of straw, hou.ever,
ieJl off steadily with later application, but the grain was larger and
of higher nitrogen content than for early application. This suggests
that application towards the end of May is likely to be most eftilent,
since th€ yield oI grain is the same as for early application, while
the quality is betterand the increase of the straw, and consequently
the potentiality for lodging, is less.

The results of field e4rriments at Rothamsted ard Wobum
are consistent uith this r,ier'. From 1926 to l93l seven complex
€xlxriments were carried out at Rothamsted, in which earlv 

-and

lale dressings of suJphate and muriate of ammonia were afplied.
The average responses were :-
In.rease produt?d. b) 0.2 ($1. f;. p?t aaft. Mea oJ sulphate a d r uriate oJ

atr:rnanta, Rolhanlsled

"''&'l:'uo1l"" 
APd{tiil'rate 

s E'

Gra,n )
Jrraw J

0.8r +o.292.76 +O.27
. Erept t6 one " aily " agrietion on April llth,.od oE .. t.& ".ppli€tion on J@ trh.

The diflerence was not siglilicant for grain, but it was for straw,
late-- application giving significanrly less increa-se tban early
application.

A second series of experiments was begun in 1934, at Rothamsted
and Wobum, in which a wider range of timesof application was tested.
In 1934 no signilicant increases 

-were obtaineil': at Rothamsted,

Ll2
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the yield without nitrogen vas already very high (35 cwt.
grain p€r acre) ; and at Woburn the standard error was abnormally
large, though a fall in straw yield with later application was sug-
gested. In 1935, January application gave the greatest straw yield
at Rothamsted and Wobum. For later applications the increase
in straw yield fell steadily, as in the other experiments. The inferiority
of seed-bed application compared with the spring dressings is in
agreement with the Broadbalk results.

In 1935 nitrogenous fertilisers again gave no significant increase
in graia yield at Rothamsted. On the other hand, at Woburn, there
was a sigtrifica-nt response, though as in the pot experiment, the
time of app,ication caused no difference in the result.

Wheat is commonly grown at that state in a rotation when the
fertility of the soil is at its highest. The comparatively small
increase of Srain yield in the I92GI93I series of experiments at
Rothamsted, and the absence of any response in 1934 and 1935,
raises the question whether nitrogenous fertitser is necessary Ior
wheat on land in good heart.

Early spring applications of dtrogen frequently produce spectac-
u.lar increases in the thickness, height and colour of the wheat
in tr{ay, when tillering is at its maximum and elongation of the
shoots is beginning, while the effect oI later dressings is much less
obvious. This was shown by counts of shoots and measurements
of height at Wobum in 1934 and 1935. But these marked differ-
ences were not accompanied by corresponding increases in grain
yield. The popularity of early clressings may be partly due to this
obvious eIlect on spring growth. A lush early growth, howeyer,
may mean only a heavier straw crop and difficulties at harvest
due to lodging, with no advantage in extra grain fleld.

This does not apply, however, to systems oI farming involving
frequent corn crops, with little dung arld where wheat does not
follow a ley, a leguminous crop or a Iallow.

Merrrxc Benr-py

In the autumn of 1934 and agaia in 1935 conferences rvere held
at Rothamsted on the growing of malting barley. They took the
form of an exhibition oi barley samples sent in by farmers from all
parts of the country, and valued by the Barley Valuation Committee
oI the Institute oI Brewing.

In both sea-sons the summers were dry and the harvesting con-
ditions very good. In 1935, however, the spring was much colder
and wetter than in 1934, and grorth started in a moister soil. The
rainfall at Rothamsted was :-

r933-34
October to May ioclusivc, iaches 11.64

ls34-35
19.94

On May l7th, 1935, a severe late frost caught some oI the autumn
sown barleys in the early stages of ear formation. After a wet and
cheerless early June the weather tumed drier than in 1934 and
most of the growers had practically no rain from mid-June till after
harvest, though some had showers in mid-August.
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The grading of the samples was as follows :-
t934

PerNo. ceot.
per

No. ceDt.

Grade I
Grade II .. .. .: :: ::
Grade ll I
Cmde Iv
Grade \'
Grade V T

Grade Vtl (grindiDg)

6
4

l3
22
52
65

2.1
6.9

ll.6

34.4
14.3

2
t2

58
83
60
l8

o.i
4.4

13.7
21.5
30.8
22.2
6.7

189 100.o :70 100.(,

Grades I II III IV
Per cent. NitroSea in &y grair 1.28 t.JJ l.4l 1.42

An examination o{ the varieties sown gave the following results:

-_ Each 
-stage 

in grading represents about 5/- per quaner in value.
Most oI the s_amples fall intoGrades V and VI, ind r:ery few reached
the top grades of high qual.ity. As observed before, the nitroeen
content oI the grain was related to the grading for a panicriar
variety: for the Norfolk Spratt Archer of19B5 the valuei were:

V VI VII
1.45 1.53 1.53

Plumage- Spratt- OtherNew
Cross. Plumagc.

KeDt ..
Essex ..
Norfolk
Suffolk . .

Lincolnsh i re
YorLshile
Somerset
All Crurties

_ Kent and Essex sent mostly Plumage-Archer: Norfolk sent
Spratt-Archer: Plumqge wa! received iriany quantity only from
Yorkshire. Spratt-Archer and Plumage-Archir iogethdr accounted
for _almost three quarters oI the samp-ies.

- Most of the samples came from medium and light soils: few
from heavy s_oils: one third were from soils orr or ilose to chalk,
lirnestone, oolite, or stone brash.

;
85
l6
l8
2

ll
199

t7
20
ll

7
6
6

t2
133

ll
3

1.1

7
41

.
7
4
3
3
I

5f,

l
2

l5
I

Number oI soils. both vears.
Healy. l.Medium. I Light. I Totat.

I
90

8J
8l

52
ll5

146
J36

Total ..
P./ cerrt. of Total.
Calcareous
liot cal.a.reous

99

2t

166

20
t8

167

l2

432

34
66

3ri 39 r00

Nuntbe, oJ sam?les of Barley tg31 arrd lg}5..

'Iotal
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About 14 per cent. of the samples in each season were autumn
sovn, and these usually graded better than the spring sowrr barleys.
Thus for the two years :

Itr Srades I, II, aad III. 35 per ce[t. were autumn sown.
Itr gEdes IV, V. l2 per cetrt. ,,
Itr Srades VI, VII. 8 per cent. ,, ,,

Certain districts fayoured autumn sowing much more than others,
for example, in 1934, nearly half the barleys from Essex had been
autumn sonn and in 1935 nearlv three-quarters.

In Norfolk barley now com;only foilows sugar beet irstead o{
swedes and turnips. Elsewhere, however, it still often Iollows
tumips. Apparently it rarely foUows potatoes.

Preccdtng Crops.

Barley afte.

Cereals
Beet and

Mangolds ..
Slredes, tumips,

kale
Clover, peas, etc.
Potatoes
Bare aad half

{allow
Other crops ..

t934
AII

1935

Norfolk.

1935

Others.

1035
All

counties,

years
total.

22

58

IO
6

90

38

lg
l5
2

3
I

0s

30

30
l0

I
I

l8l
t35

59
30

1
I

fluch information was obtained in regard to the maDuring of
the barley. It is no longer a starvation crop. The experimants
made by Rothamsted urder the Institute of Brewing 

-Research

scheme during the last ten years showed clearly the advantage of
suitable manu.ring when care was ta-ken not to lodge the crop.
This result has clearly passed into practice. Of the 270 samples
sent in in 1935, f59 had received manure, 124 had received nitro-
genous fertiliser, and no less than 6l of these had followed beet,
turnips, or some other crop receiving dung, shoqring that the growers
were prepared to give nitrogen even on land already in good
condition. Some 5l crops had received compound fertilisers. which
in 2l cases were the new high grade materials containing ammonium
phosphate; but many growers preferred to make their oryn
mixtures.

EXPERIMENTS ON VEGETABLE CR,OPS

The importance of vegetable crops has considerably increased
dlring recent years. Thus, for certain oI the more important crops,
the acreage retums for 1922 and 1934 are as follows:

9t

07

,10

l5
3

I
8
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Acreage. IDcrease
per cent.

+16_59
+32

+r28
+92
+12
+44
+30
+45

Thus, with the exception of onions, there has been a substantial
increase in the acreage planted with vegetables in recent years.
The value per acre of the vegetable crops is also high ; the actual
prices realised depend greatly on quality, supplies, and the effect
of weather on demand.

An estimate of the arurual supplies and values of vegetables Ior
human consumption has recently been madet from which may be
derived the following data relating to the ]'ears 1930-32 :

I Av. \ield I Gross Valuei
Crop. lperacre, tons.f per a.re, ,

Outdoor Cabbage Iettuce
Celery
Broccoli and Cauliflower ..
Spring Cabbage and Cabbage

Greens
Artuma Cabbage .. ,,
Sprouts
Greetr Peas .. ..
Ripe Onions
Topp€d Carrots
Red Beet

8
lo

8

7
s
3.?

7
I1.7
t2

15
60
7l

5l
!r0
53
30
3S
50
48

I rrcfuht ed llElet chas6 to be d.ducted.

Prices also have been well maintained as compared vr'ith general
farm produce, thus the agricultural iadex of all v€etables in 1934
was 143 (l9ll-13:100) whereas the Eeneral index of agricultural
produce for the same yealwas ll4.

The first experiments on vegetable croPs conducted from Roth-
amsted, using the new technique, began ilt 1931, on winter cabbages,
Brussels sprouts, and first early potatoes. There have now been
put on record in the Station Reports some fiftY experiments on
vegetable crops carricd out at Rothamsted, Woburn, outside centres,
and by local workers op€rating general schemes of investigation
administered from Rothamsted. The rapid expansion of this work
was rendered possible by the investigation on the value of dried
poultry manure put in hand by the Ministry oI Agriculture and
controlled from this station. It was decided to test this manure as

14084 I 16432
355? I 2099

27954 I 3698r
14951 I 34048
10,t75 I 20107
52a2 I 7510
s7l8 | 8233

t2907 I 16833
508S4 I 74363

. " MiD. A8ric. Eelooic S.ri6." No. 26, 1!35. P. l?2.

Carrots
Otrions
Cabbage . .
Brussels Sprouts
Cauliflowers and Broccoli
Celery
Rhubarb
Green beans
CreeE peas
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far as possible on market garden crops'since its most promising
outlet would probably be for small scale intensive cultivation.

Experience has shown that experiments with vegetable crops,
although in most cases rather more exacting than with farm crops,
offer no insuperable dificulties. As wiU be seen later, standard
errors tend to be a little higher than the average of large sca-le root
crops, but none the less a considerable number of statistically
significant fertiliser effects will be forurd in the tables that follou
On the other hand certain crops have shown very small or even
negative effects. Early potatoes, ca[ots, onions, strawberries have
all been disappointing in this respect. The experiments are, however,
on.ly a first approach to a wide subject and many more wiU be
required to obtain an adequate view of the fertiliser responses of
vegetable crops.

trIore has been done with Brussels sprouts than with any other
crop, so that the results of the expriments on the growth oI this
plant will be set out first. There are thirteen exp€riments \r'ith
sprouts on record, but one at Rothamsted was practically a failure
owing to damage by wood pigeons. Of the twelve good experiments,
all show the effect of nitrogen as sulphate of ammonia usually at
several rates of dressing, most o{ them test dried poultry manure
and superphosphate and two test sulphate of potash, There are
figures for the individual pickings, usually carried out on three
occasions, but sometimes on four, and in most cases there are figures
relating to the proportion of blos,n or unsaleabie sprouts. The
mean yields oftotal saleable sprouts and the increases for the various
nutrients are set out in Table I. In this and succeeding Tables the
single dressings of sulphate oI ammonia (N,) and dried poultry manure
(lIr) rvere usually at the rate of 0.3-0.4 cwt. N per acre, the double
dressings N, and [I, being 0.6-0.8 crvt. N. Superphosphate (P) was
at the rate o{ 0.40.6 cwt . PrO" per acre ; rvhile suJphate of pntash K,
was at the rate of 1.0 cfi. Kp per acre, K, being 1.t2.0 cv.t. KrO.

The mean yields ranged from 22.4 to m.8 c1!t. of saleable sprouts
per acre with a general mean of 44.3 cwt. The most marked marurial
effect was given by nitrogen. For the years 1933 and 1934 there are
sufrcient centres to make an estimate of the average effect of this
nutrient in the form o{ sulphate of ammonia and poultry manure,
the results being brought to a common basis of 0.6 cwt. N per acre.
The figures are :-

Total Saleabla SProuts, cut. pt a.re.

Meaa increase for 0.0 cwt. N per a.re.

No. of
Experieents

+2.74
+7.46

6
4
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Responses were much greater in 1934 than in 1933, and in the
more fivourable season there is evidence that sulphate of arnmonia
was more elfectirc than pouItry manure providing the same amount
of nitrogen. Thus at centres 9 (Wyboston, Bedfordshire), and l0
(St. Al6ans), the dif{erence between sulphate of ammonia and
poultry manure was significalt.^ Thi action o{ superphosphate was less general than that of
nitrogen and onll'at one centre, No. 6 (Honeydon, Bedfordshire)' on
a boilder clay soil was its ef{ect really imPortant. In this exPeri-
ment, hol'ever, 3 cwt. of suprphosphate increased the leld by no
less than 10.3 cwt., and it is probable that the suPeriority of poultry
manure over sulphate of ammonia shown at this centre lvas due in
part to the phosphate that the organic manure provided. There is
iome evidenie ofa beneficial ef{ect of superphosphate on the hea!5l
soil at centre 2 (Rothamsted).

Potash was tried at two centres only. At centre 7 (London
Colney, Herts.) it gave the large increase of 9.7 cwt. for 3 cwt- oI
the fertitser. In the follorving year at the same centre a smaller
but nevedheless siglrificant elfect was obtained.

Earliness is a valuable feature in Erowing market garden crops
and it is therefore imporlant to trace the fertiliser eflects tfuough
the successive pickingi whose sum goes to make the total discussed
above. The results are collected in Table II, which presents those
centres at rvhich the fertiliser responses rvere strongly defined. The
tota, response in saleable sprouts is taken as 100 arld the respective
contributions of the separate pickings are expressed on this basis.
The figures refer to the hiSher level of nutrient in each case.

TABLIi II.
Saleable SProuts-

Fertiliser resPonses in successiwe pickings.
'Iotal resPonse:100.

Potash

Pickings.
lst 2nd 3rd 4th

Poultry
Manure,
Pickings.

lst 2nd 3rd 4th

+91+ 3r -22
+80+ 14 +6
+ 19+35+29+ 1

9+ 97+ r2
+30+40+30
+60+30+ l0

Phosphate

Pickings.
lst 2nd 3rd 4th

+ 88- rS+ 13+ r

+39+34+20 +
28 r 43* 20* 9

rs6 60 36

In the abo\-e table there are 15 results showing three or more
nickinss. In nire instances the response in the first picking is the
!."rt"it, 

"nd 
in six of them over three-quarters o[ the total ef{ect is

io be found in the first picking. In the six experiments in whici the
first picking is not greaiest the second picking is the largest. In no
case is theie mo.e1h.n 30 per cent. of the tolal response in the
rhird Dickins. or 18 per cent.ln the fourth. In several of the experi-
ments^ the piedominince of the fertiliser effect in the first picking

+77+13+

+ 8+80+
+20+58+
+82 +7+r
+5r+33+r

I

l
2
3
6
7
8
I

l0
ll
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is in itself significant, e.9., at centre 2 (Rothatrrted) and ll, (London
Colney). The figures show that when a nutrient is effective,
its action tends to be strongest in the early part of the season. Phos-
phate and potash both gave earlier crops at each of the two centres
where they acted. Sulphate of ammonia and poultry manure, on
the other hand, did not appear to hasten growth.

The erperiments give some information on the relationship of
fertiliser action and grade of produce for in most of them tbe weight
of " blowa " or unsaleable sprouts was ascertained, ard in some
of them the saleable sprouts were themselves graded. The effects
of the nitrogenous manur€s on the weight of " blown " or un-
saleable sprouts and their percentage of the total crop, including
blown are given in Table III.

TABLE III.
Ellects ol nitrogenous rDzrnures oa blovf, (or uNaleable)

Sprouts express€d as increases over controls.

Ccntre No-
Iacreases Per cetrt. oI

total crop.

I
2
3
4
5
6
7
I

l0

Nt
+3.O
+0.2

-o 5
+2.O

+05
+ t.r

N,
+4.5
+0.2
+2.r_ 1.0

+ 1.2

+l.9
+ 1.2

l{'
+65 t

+ l.l
0.9
0.5

+4.5
+0.3

Nr
+5.5
+ 1.3
+ 1.6

+;
+ 1.7

-2.4

}I,
.5.0

+;
+l3

1
+ 1.6
+0.6
+2.4

t).8

+03

+ r.3
+o.2

0.6
1.0
t_7

0.6

2.O
0.4

2.i
- 1.3

In eight oI the nine experiments with sulphate of ammonia
the actual $'eight of unsaleable sprouts per acre was increased,
by an average of 1,4 cwt, per 3 cwt. sulphate of ammonia.
The percentage of unsaleable produced was also increased in eight
out of the nine experiments. At centre l0 (Oaklards), St. Albans,
the effect oI nitrogen on ].ield was so large that although the actual
quantity of blowa sprouts was increased, the percentage was smaller.
Dried poultry manure b€haved similarly to sulphate of ammonia at
most centres. The ef{ect of superphosphate was in general small,
but at centre 6 (Honeydon, Bedfordshire), the unsaleable sprouts
were increased by 1.6 cwt, while the percentage unsaleable was
decreased by O.6 per cent. In one experiment with potash the
actual yield of unsaleable sprouts was increased by 1.3 crt. but the
percentage {ell by l.l. per cent. Taking the results as a whole,
the eflect of manures appears to be siightly to increase the actual
weight of blown or ursaleable sprouts, but when the crop responds
well to marures the final result is that the proportion oI unsaleable
produce is reduced.

Six experiments, set out in summary Iorm in Table fV, are on
record dealing with cabbages and Broccoli.

_1l

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-1-67 pp 20

38
TABLE IV

Cet'be6 .'td B1o...li
Eft@t o, Nitrcge, Pbcpbrt. ald Pot8h

W.lghts or nuab.s p.! acte

Crop C.otE Soil
No. " i,,

Sprioc

Sprinc

lb.

I Light

t

1

1

4

6

6

Sedy 6.0

Sh.r.

Shale

+2.E7
+7.1'

+0.r,

+0,6E

l+r.r4
l+0.16

+0.106

+0.EtE
+r.r70

+0.0a?

l+0.r"
+1OO'

.t37

350Sedy 5,16,

._- (',s.E. +0.I9. f) s-e. +o.ooo. r'r s.r, -rel.tK srads lor l 3 crt. K,O F!;@, s Sirp[ai.;f porsh.

l._'

, Sprhg cabbages respond well to nitrogen as sulphate of ammonia
al.centre I (Avoncroft, Evesham) and- Z lstepfingtey, Bedford-
shire). At Steppingley, there is some indlcit ioir' ttrit "s,rlphate o{
arunonra was more effective lhan dried pou.ltry- manure- but the
difference does not reach sigrrificance. Sarior.cabbases at centre g(.*.p"il,.Salop) show string nitrogen rd.ponses-and here the
di{ference. between sulphate o-f amminia aria poutt.y manure is
statistical.ly significant. At centre 4 (Dartingion }ia.Ll, Devon;
sulphate of ammonia increased the vield of broclo[ heads and als6
the number per acre, the effect of dried pouJtrl.manrue was smaller.
At centre 5 (Potton, Beds.) nitrate of s-oda, a"pplied to the previous
early potatoes in this case, significantl]- incrtised the nuinber of
cabbages fit to cut on Decembir ?th. Tfrere were no marked effects
of pbosphate or polash in the above experiments, and so far as thev
go they support the view that quickiacting nitrogen is likely tL
prove the most useful fertiliser for this t)?e of crop:

The results for first earl]. potatoes and root ^crops have been
summarised in Table V. - 

The ligures for first eirly potatoes
have been derived from a single iarm, potton, Bed;., 'in lg3l
and 1934. . Experiments I and 2 were without dung; experi-
ment 3 received dung. The crop was lifted early and pioved r.ery
unresponsive in all cases. - [t is known irom oiher experil
ments that lirst earlies le{t to stand till later in the seiason
respond better to manures. Thus a crop at Little Dolnnham. Eh.. on
fenland soil cut do\in by frost on Jltal: l7th, 1935, and left to siand
till July 30th, g_ave an increase of 3.05 tons for E iu.t. o{ sulphate of
ammonia and 1.43 tons for 3 cwt. superphosphate per ac-re, both
significaat .

\fith the._exception of a significant increase for poultry manue
at centre 4 (W1-e) and an improvcment in the proportion of lirst
grade butbs at 7 (Swanley), onions have shown litile response to

I

+1,19

*l'

+610 _t_t_t_

- 1,,,,
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nitrogen or phosphate in these experiments. Carrots have been
surprisi,ngly unresponsive in the roots: sulphate of ammonia and
1nultry manure generally reduced the vield and at centre 9 (Chittoe,
Wilts.), the reduction was almost significant. Strlphate oI ammonia
increased the tops significantly at I0 (Wobum) and worked in the
same direction at a second experiment at Wobum, 9. Plaat number
is signilicantly reduced by sulphate oI arnmonia in exp€riment 10.
The very iarge yield in experiment 8 was the result of a dunged
bare fallow in the previous year.

Red beet shows a good and signilicant response to sulphate of
ammonia but less to dried poultry manure. The difference between
the two manures although in the usual direction is not si8[ificant.

Turning now to leguminous crops there have been five exp€ri-
ments on peas, one on French beans, and one on Runner beans.
The results are summarised in Table VI.

TABLE VI

Soil x"- vi.,ra I N

1935 ..

1

2

3

1

5

5

Iisht

&ndv
Silty

Sa[dy

-4.1_2.9

_4.3

+9.4
+29.8

+1.00

+r-15

1t.81
11.i7

*5.80

+3.r7

-1.9
+5.4

+t.60

+4.0

-l.t
-t.6+r.,
-9.0
+0.7

+1r.9

3,1,3

77.0

l6:8

9t.9
t6.5

96.7

+1., I +6.0

TABLE V
fi,t Euly Potd@t ont R@, Crors

Effet oI rcrtil!3 ts

No. I

IDctle for
N, 1N,tM, lM, lP P' 'Nrtltlt

, l'"-u" I

, I S.Ddy I

t I Sanile I

. lc1urr 1

5 I riihta I r+ht? | s.dy
I
I

E I s&dy

e I s&dy

ro I s"oov

,u ,^l

4.71
a.o,
1.78

761
1l-rt
10l!
6.0?

rlt SEd,
46.4

,l 10
,.r!

I 10 6t

| .0,
I !..,

| 106.1

I 11.72

*t,'l
-I
:]

-t-20+0.r3

*0.*l - | -
-l*l-
*"*l_l*"*

0-06l - I +o.rr
+o.o3l - I +0.30
-o.,sl - 

l+0.?,
+60 

I - l+60
-osil -osc -otr+0.941 -o.rl +0,5?

.'r.orl - -0.77

-o.sl - I +o.ro
+0.62 - i +0.r9

-r.o I - -r.ir
*r.ro | - *0.r,

-0.r1 -t0.06

+0.170

+0.1r!a

+0.3s,
+0.15,

t3.03

+0.4r1

!1.1t2
i0.800

lcSt-, | 7 lAlluviuE
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Peas have given very different results at the different centres.

No. I (Stanford, Beds.) gave a signilicant response to quick-acting
nitrogen, and lhe average response at centre 2 (Evesham) to sulphate
of ammonia both irr presence and in absence of poultry marure was
'4.9+1.66 and therelore sitnificarit. On the other haid nitrogen
in general reduced the yield significantly at centre 4 (LangIord,
Beds. ), the effect was in the same direction also at 5 (Norton, Yorks. ).

On French beans at 6 (Godalrning) there was some indication
of a response to poultry manue but none to sulphate of ammonia.
Both manures give marked increases in haulrn at this centre and in
this resp€ct poultry marure was significantly more effective than
srlphate of ammonia. There were no eflects on rumer beans.

In experiment l, phosphate in the form of basic slag had no
effect ort peas at Stanford, whereas potash significantly depressed
the crop-an unexpected result on a sandy soil.

Experiments on miscellaneous horticultual crops have included
lettuces, strawberries, celery, and apple stocks grown for vegetative
reproduction. None oI the manures tried had any effect on the
number of lettuces fit to cut in spring; in fact, their action was
slightly depressing but not to a statistically significant extent.
Manures applied to the parent apple stock in mid-June had no
eI{ect in the value oI the offshoots, although sulphate of ammonia
significantly reduced the value of the roots borne by the offshoots.
It is possible that earlier application of fertilisers might harr given
better results.

Sulphate of ammonia was compared with poultry manure on
strawb€rries and while the quick-acting nitrogen tended to
depress the weight of total crop, the organic manure tended slightly
to increase it, the mean difference being alrnost significant. Effects
in the same direction were observed in the percentage of first grade
Iruits so that the final result $as:

LO,\G ASHTON, IS34
L'1/st Glade Sl'alnbenies cut. ?er acrc
No nitrogetr .. ..
Sulphate of AmmoDia
Dri€d Poultrv l\{anure

.. 6.91.. 4.30

.. 6.72

Celery proved to be a more responsive crop. The experiment
at trIepal, Isle of Ely, on a light Ienland soil in presence of farmyard
manure showed definite increases in yield for superphosphate,
sulphate of potash, and agricultural salt. Potash and salt also gaye
a signilicant improvement in the grading results. The fi6ures
relating to the above crops are given in Table VII.

The experiments summarised above give some information on
the question of the relative precision of experiments on the vegetable
crops as compared with ordinary farm crops. The average values
for the standard error of a single plot expressed as a percentage of
the mean I'ield have been determined b1' Yates*, fol potatoes and
sugar beet in recent randomised block artd Latin square e.peri-
ments at the outside centres, and these figures are given below
together with general averages from all available Rothamsted
experiments for stedes, mangolds and Ka1e.

.F. Yat6, SuDpt. Jn. Roy. Stat. Soc.,1935, llp. r14.
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NI (r li!

1

3

4

x.diMt No- ttoc-
Iau I !!.t

Clay Valuc De!Eith ritocL,p.E

I .oots, poe
I I 0.9r

Y.di@l Tot.l .et.,
FiEt srade

o/"30.7

Lirhr Tobl t@.
Fa I 8.t,

I T-o Hish-
I | 6r!rx16,
I | %01.6

6.0

2.

Salt

+3.9

-5.S

-0.!8

-0.21

-i!.6

-.1,61

a l.i
+3.09

-

+1.,

+0,74

-r r"

0.0

-3.8

+o-3a

-1.0

-1.! 3,i

+4.0

L2.Ot

{l
,TAI]LE VII

STANDARD DRRORS PER PLOT

-1!c/ag. Valtes os ?.lcentogc of Me.rt yiws

Potatoes 1027-1933 Latin Square
., Ratrdomised blocks

Sugai Beet Roots Iatin Squares
Ratrdomised blocks

Swedes. Mean oI all plot arraDgemeDts
IUatrgolds

6.8
9.2
6.1
7.9
6.9
8.2

ll_

No. o{
Erpts.

t0.l
13.2
18.6
12.I
9.7

8.7
I1.9
7.5

29.6
4.3

3.83
518
0.29
1.04
2.UJ
0.27
1.08
0.92
4.02

1r.76
0.35

Expts.
;6
22
z8
l5
8
6

l8

These values are rather uniform and it appea$ that for ordinary
Iarm roots standard errors of about 7 to 8 per cent. may be regarded
as normal.

In Table VIII below arc collected the actual and percentage
standard errors per plot of the vegetable crops discussed above.

TABLE VIII
Standud Ewots oI ExPetil,tcrrts on Ve&t&lo Crops, lgSl-Lgg'

Full Sized Plots.

Per cetrt

Brussels Sprouts, total crop c\Yt.
Wintercabbages. No. lit to cut
Broccoli heads- Tons . .
Spring cabbages. Totrs
Savoy cabbages. Toos
First Early potatoes. Tons . .

Carrots. Toas
Oniotrs. Tous .. ..
Pea-s. Cwt.
Runtrer bea[s. Cwt. ..

II
2
t

I

4
4
I
IC€lerv. Tons . .

Crop
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(B) Microplots (U145 acre or less).

Standard Error per plot

Crop

Tomatoes. Total crop, tons ..
Apple stocks. Value, pence per

stock
L€ttuce. No. fit to cut, thous.
Pyrethrum. Dry flower heads,

cwt. ..
Peas. Cst.
Freoch beatrs. C\r't. ..
Red teet Tons
Strawberries. Cwt. ..

Actual
Pef acre

Per cetrt
of mean

2.96

2.91
9.88

0.92
8.20
4.62
t.l3
5.3

20.0
20.6

t5.6
8.5

10.2
7.6

29.6

The most reliable value in this table is that for sprouts, whrch
rests on ll experiments. With a mean standard error of l0.l per
cent., this crop is slightly more variable than ordinary farm roots,
possibly owin8 to the much smaller plant population p€r plot and
the element oI iudgment entering into tle several pickings. Never-
theless, a standard error of this size would be regarded as quite
normal for certain farm crops such as cereals. Among other crops,
broccoli and runner beans stand out as rather variable, while
early potatoes, carrots, and pas have given values quite in keeping
with those derived from ordinary potatoes and roots.

As might be expected the microplots show somewhat larger
errors. The actual magnitude of the standard errors is the important
figure for estimating the size, or cash value, of a difference that is
likely to be detected by experiments of the kind under review. A
well-designed experiment set out as a 6 by 6 I-atin square will
detect,as statistically significalt, differences b€t\reen treatment
means of almost three-quarters of the standard error per plot.
Smailer arrangements are less precise. The size and value oI differ-
ences that would be judged significant in experiments of the preci-
sion of the Latin square are :-

Sigflifiea"t DilJerences per Acre

Shillitrgs

Rmssels Sprouts
Carrots
Oniotrs
Peas ..

34
g7
80
41

It is cLear that the value of produce represented by a significant
difference is quite large in relation to any probable expenditure on
manures, so that with these high value crops the most efficient
arrangements and fullest replication possible should be aimed at,
so that treatment effects that are actually oI high cash value and
well worth having shall not fail to reach the level oI statistical
signilicance.

\

No. oI
Expts.

;-1-

2
I
I
I
t

I
I
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EFFECTIVENESS OF FERTILISERS

- Our experirnents show certain consistent dif{erences bet*,een
the three main group of fertilisers. Nitrogenous tertifisers neari"
always increase plant groMh, though in minv ca.es thev orodrrci
their full effect only when potash and phosphites are alsdsiropliedIt is not usually possible to say befoiehand whether these will be
necessary ornot ; soil analysis reveals the extreme cases of poverty
qgt often fails to show the requirements on ordinarv good farm;.
I he ellectiveness of potash and phosphate degrnds muih more on
sorl and season than does that of nitrogen; ln 1935 some of the
reslrcnses to potash were verv marked, while others $,ere not:

Corn?alisol of Potash Res?one of Di|Iercnt Cnps ir, tgSb

o,,i, Increase

Six

rotation

Tons

Cwt.

Tons
Cwt.

8.56
9.05

37.1
45.2
25.3
42.0
6.75

21.0

-2.4
- t.71.9

2.6
12.o
14.8
16.0
12.9

Sugar beet. Roots.
Tor,s

Barley cr;iD.
Stlaw

W}leat Grain
Straer

Potatoes
Beans

Superphosphate was lesseffective than potash in lgAS. Manv exoeri_
ments show that potash or phosphaft can in certain se;son; be
omitted from the fertiliser withoui loss of crop. the necessarv food
belng !ak9n from the soil. But this process caanot be .onii"ueJ
indefiaitely; if phosphate or potash itarvation sets in lt seriousii:
reduces yields of important and expensive crops lile potatoei.
There may be times when the stored irp fertility irf tn" 

"oi.." t"
dravrn upon a-nd converted into casb,'but as i resular 

";;J;this may soon have undesirable effects. Now that ,6tatioii.i" 
"oiso strictly followed as before and Iarml.ard manure is less readih,

obtainable it becomes imponant to w;tch the manurine "i;*ii.and ensure that ample dressirgs are gir.en for full crops"a-nd {o'r
maintaining the productiveness oI the lind.

IIIECHANISED CULTIVATION OF GR{IN CROPS

_ Problems arising out of the mechanised cultivation of arable
land continue to receive attention. Both at Rothamsted ;J;i
Woburn deterioration of yield has followed from lons continuJ
grou'th oI cereals on the same land \^.here onh artifici;l fertiliser\
are used, but the yields have been better main6ined u,ith fa;;;;;
manure. On modern mechaaised farms and market e"rd"r,s. iittle
trr 

-no 
fa.rmyard manure is made a-nd therefore organic"manure must

either be broutht in from outside or more or le-ss dispensed wiih.
For cereal growing it is not l-et clear that this "dl ;aii; ;;;i:
much Ior a few years, and good yields have b€€n obtained with;;'r
tamyard manure by suitable additions of artilicial fertilisers hv
occasional fallows and clover Ie1's. For root crops, pot"tour..rnol.
beet, for market garden crops and in some circumitai.", 

"ppr."nilv

-o.24
o.7
t.2
3.2
6.2
t.08
2.7
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Ior clover and lucerne, farmyard manure has special beneficial
effects not easily obtained otherwise. Also on the lighter soils,
such as those on which mechanisation is likely to be practised, the
supply of organic manure is very important even for cereal growing.
Two methods are being tried for increasing the supply of organic
manure on the Iarm : green manuring and the return of straw to the
land. The former is an old device, but very uncertain il its operation-
The latter can be accomplished in various ways, several of which
are being studied :

(a) Straw is being rotted in heaps by addition of the necessary
nutrients for the micro-orgarisms ; this involves the difrculty of
adequately moistening the heap.

(D) Straw is spread over the ground and ploughed in, the neces-
sary arti ficial fertitisers beirg added either with the straw or later
when they are likely to be most effectively used by the following
crops. This method is being tried also at Sprowston on the farm of
the Norfolk Agricultural Station.

In the Fermentation Department much t'ort is done on the
rotting of straw and other vegetable products to produce a good
manure. This work continues to attract considerable attention,
and workers come from overseas to study the possibilities of products
available to them; an Indian v'orker, Dr. Acharya, has in 1935
been investigating the rotting of rice straw. Organic manures, so
far as they hal'e been tested, have, hor,l'ever, Iess fertfiser value
than the equivalent dressings oI inorganic ferti.lisers.

Neither at Rothamsted, Woburn, nor on Mr. Prout's farm at
Sawbridgeworth, were diseases or pests important, even after many
years o{ continuous wheat growing. But in 1936 complaints reached
us from mechanised farms of serious disease trouble even after
3 or 4 years only of wheat growing. Mr. Samuel fourd that the
trouble was due to Tale-all (Olhiobolus\ or to Fusarium. By a
curious coincidence, none oI the three classical continuous wheat
fields is liable to these diseases (though Ta-ke-all appeared at Woburn
near the end of the experiment), but the light chalky soils on which
mechanisation is developing are more susceptible to them. Mr.
Samuel is taking up this question in detail.

Faltowing is, howeler, very effective in restoring productive-
ness to land deteriorated by continuous cultivation, though it is
only temporarily beneficial. In general it makes a better Prepara-
tion for wheat than clover or temporary leys. Unfortunately,
Iallorting favours the Wheat bulb fly (Hylerytia cooretata), and at
the time of writing (May, 1936) the wheat crops sorvn after
the faUows of 1935 are looking worse than any on the farm as the
result of attacks by this insect, aggravated no doubt by heavy
losses of soil nitrates during the very wet winter. Methods of
control are being sought.

An important effect oI Iallowing is to keep down weeds arrd
Dr. Brenchley has spent much time in discovering the conditions
under which this is best done for the more imPortant species. Chemi-
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cal spraying methods are also being tried, and a series of experi-
ments has been started, with quite interesting results so far, on the
possibility of removing weeds from grassland by spray,ng.

SOIL CULTIVATION

The cultivation experiments have continued, and an extensive
series of observations on rotary cultivation is being worked up.

Soil ti.tth has been studied from the iield side in Dr. Keen's
cultivation experiments and from the laboratory side by him and
his assistants, Mr. Scott Blair, Mr. Cashen and Dr. E. W. Russell.
The esseatial point is to bring the soil into an aggregation of crunbs
and to prevent it falling into a state of dust. The actual changes
depend on the drying and re-\'etting of the soil and are brought
about largely by the weather, but the implements play a vital part
in putting the soil into such form that the weather can act. The
field experiments have shorm some of the differences between
rotary cultivation and the older methods. They are now being
extended to show how the soil moisture is affected by the various
cultivation processes : this work is diftcult because the Rothamsted
soil, by its stony nature, is not readily sampled, and no method of
estimating the moisture content itt silu is yet free from obiection.

The laboratory work has now reached a stage where the numer-
ous facts are fallirg into order. An important test oI value of any
new development is the extent to which it can be used. These
physical investigations have already proved of value to experts
concerned with such diverse industries as flour milJing and oil boring
apart Irom their use in agriculture.

MINOR ELEIIENTS IN PLANT NUTRITION

In 1923 Miss Warington proved definitely {or the first time that
a minute quantity of boron is essential for plant grorth, and this
result has already found applications in practice. Various crop
diseases prer-iously incurable have now been traced to a lack of
available boron; notably a heart rot in sugar beet and " Internal
cork " in apples in NewZealand, " Top rot " oI tobacco, and diseases
oI potatoes, tumips, tomatoes and other crops. These diseases
may occru even when compoulds oI boron occur in the soil, but
presumably the boron is unavailable, because they are cured by
addition of a small quanlit] of borax. The subject is being further
developed and several field experiments on sugar beet have been
started in affected areas in consultation with us.

It is knor:n that oats suIIer from shortage of manganese on
certain soil types, and the Iactors controlling the availability o{ the
manganese in soils are being studied.

Small amounts oI molybdenum salts are also shown to affect
plant growth considerably, causing, in some c.Lses, simulation of

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-1-67 pp 28

46

the..sl,'nptoms oI- virus disease, and in others, the development of a
trailing habit of grorth where normallv lhe srowth is uorieht-
These results are being further studied. 

- -
The effects of sma[ quantities oI nickel aad cobalt salts are also

being investigated.

CoMPOSTTTON AND QUALITY OF CROPS

. Owing to- the im_possibility of iinding as 1.et any valid definition
oJ quatity, this work is done in associat-ion w.ith tlie expert users of
the crop, and their marks or grades, which are reallv'measures of" co-mmercial desirability," are accepted as the nearit measure oI
qualily. we are likely to get for the present. The buyem, grades
have objective realit), foi when the crop is converteil into"food,
the resulting products show differences which varv in the same
direction as_the grades. So far as human food is concemed, we do
nol- proceed- to ascertain the physiological significance o{ these
drllerences, but for animal food something can be done, thoush
not yet as much as ve should lile because no satisfactorv technioie
for grazing experiments in the field has yet been wor[ed out.'A
beginning has been made, however, with experiments on pigs fed in
p€ns.

The crops most investigated have been barlev. ooratoes. sugar
beet and grass; and the ixpert bodies associatid'with the wJrk
were resp€ctively the Institute of Brewing. Irlessrs. Lr.ons. the Beet
Sugar Factory organisations, and the Baiic Slag Coirmitiee of the
Ilinis.lV.9f Agricultrue. For the arable crops, ii.re general result is
that fertilisers used in the normal way will commoilv increase the
yields but do not aflect the quality. Potassic fertilisirs mav effect
some improvement in quality o[ crops grown for carbohydrates,
and excessive dressings of nitrogenous fenilisers mat.reduce their
qualit',-- Be)'ond this there is no evidence that any s].siem oI manur-
ing witl bring about any significant improveminf in the oualitv.
For this the most important factors are the soil tlae and the ieasoir.
and they have been fairly well characr erised ' for barlev. Thi
conditions are unchecked gro*th, ample moislure during the sprine.
dry summers and good ripening and harvest conditions-. For-othJr
c-rops the conditions are not yet so clearly defired, but it is known
that suitable moistue supply and soil aeration are important,

Wurer
Th9 technical applications of the earlier work on the physics of

flour doughs have been extended by llr. Scott Blair in 
-co-opera-

tion with Dr. Halton of the Research Association of British Flour
Millers at St. Albans. The aim of this investigation is to assess the
bread-making quality of a flour by means -of reproducible and
impersonal tests ou the dough. Hitherto the only-test of quality
has been the baking test, and this, even in the h-ands ot a'hiehli,
skilled baker, is subjective and unreliable.

The tn'o most important properties required of a dough are
adequate elasticity (" spring ") arld extensibility. The former
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depends on an optimurn relationship between viscosity and etas-
ticity modulus, and the latter, although not yet fuuy irnderstood,
is related to the way in which viscosity varies witL stress. The
bearhg of- these prop€rties on bread ma.king quality is being
investigated. Doughs which tear easily, and consequently givi
bread with ragged crust and bad texture, are said to 

-be ,. ihoin.,,
This- property of " shortness," and the relationships between the
breaking and the flowing of plastic materials, are being studied.
Brittleness, which is disadvantageous in the flourdough, is benelicial
in the soil crumb, and the methods developed for th1 studv of the
dough are now being modified for apptication to the soil. Ti.re same
principles a,re leing appiied at the National Dairy Institute for
measuring the elastic and plastic properties of cheesis.

Flour doughs show a definite structure which is broken down on
kneading, and re-establisbes itself on standine. This prooertv is
fairly common and is called " thixotrop.v " lsei atso p.'Oe1i

THE BIOCHEIIIISTRY SECTION T9$.I935

A. G. NoRlr.{\

The work of this section consists in a study of the composition
and decomposition of plant constituents, particujar attention beine
given for the present to the carbohl'drates.

METHoDS oF ANAL]-sts oF Pr-ANTS

The conventional methods of analysis oI agricultural materials
Bive a ve,ry imperfect picture of the composition of a plant, being
restricted usually to such determinationi as ash, tot;[ nitroaen:
(calculated as crude protein), ether-soluble material, and crirde
fibre, the difference of the sum of these Irom 100 being regarded as
" soluble carbohydrates." Before any extended studi of the
composition of crops couJd b€ attempted, a more det;iled and
searchhg system of ana\zses had to be found to cover the carbo-
hydrate constituents. This involved partictr.larly the testins oI
methods for the determination of those siructural constituents uiich
are most inadequately represented by the crude fibre figures. The
main,structual constituents, cellulose, lignin and hernicelluloses,
together account for the maior part of any mature tissue. Edsting
methods have not been found ro be generally applicable withoui
modification.

l. Cel,lalase. The cellulosic framework oI plant tissues is deter-
mined after removal of a"ll other constituenis. In fact, however,
lig'rrin is the most dificult component to remove. The Cross and
Beval procedure of altemate exposure to gaseous chlorine and
extraction with boiling sodium suiphite is the basis of nearlv all
metlods, the lignia thereby passing into solution as sulplionic
derivatives. The conditions under which the chlorination mav be
carried out in dilute hy,pocl orite solution, have been ex.*i,ea.
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and a more rapid and convenient method developed 1i;. T}e cellulose
of Dlants and wood dilfers from that oI the cotton hair in that it is
noi solely composed of glucose units, but contairs also loly-
saccharid"es of btber sugis, very intimately associated. -These

rnh saccharides. which have been termed " cellulosans "(3) are

inoie susceptible to hydrolytic agenls, and more soluble in--alkalis,
than the true celtulose poriion of the aggregate, so that all trea-l-

ments other lhan with'neutral solutions must be avoided if the
integrity of the natural cellulose is to be presewed. The aelhod
devised-is also suitable lor making large-scale preParations of Plant
celluloses which was not possible previousll. In mosl cases the
associated ceUulosan is rlrtan, rvhiih may 6e determined by the
yield of furfuraldehl'de lrom the isolated cellulose.

2. Lignit. Thebasi.s o{ the determination o{ lignin is ttre resistance
oI this "substance to slrong acids, in which iellulose and other
carbohydrates pass into soiution, subsequently to be hyd-rolysed
Exisling methofs, devised mainly for woods, have been shown lo
be inacc"urate and quite inapplicable to agricultural materials, which
unlile woods are often high in nitrogen. Twomajorand inleracting-
souces of error have been showa to exist, due to the presence ol
pentoses and proteins. Pentoses or pentosans on .ontact wilh strong
icids slowly give furfuraldehyde which in the absence of lignin
condenses to to.m a black insoluble residue weighed as lignin(s) or
in the presence of lierrin unites with it to give a stable lignefurfuran
resin, ihereby increa'ing the apparent lignin conlent. This disturb-
ance may be minimised by shortening the period oI contact with
the strong acid, or by a hydroll'tic pre-treatment (a). The- error
introduced by the presence of protein is at present more obscure
and has not been wholly overcome. Proteins themselves or protein
degradation products give no residue on treatment with strong- acid
bui if added to a ligEified material hcrease the apparent liSnin
content(5). Small quantities of Proteil cause a greater di-sturbance
proportionately than do large. amounts, the error being due to the
iinliage with iignin of protein fission products of varying. size.
Acid pre-treatment resulG in a substantial reduction of the inter-
ferenci in most cases, which ca-nnot be allowed Ior by calculating
the nitrogen content of the lignil residue as protein arrd deducting.
Because of these sources of error in the liSnin determination the
figures generally quoted for the lignin content of plant materials are
in most cases too high.

3. Hemicelluloses. A satisfactorl'melhod for the routinc deler-
mination of hemicelluloses has not t-et been devised. Er.-traction
methods that hare been proposed are incapable of distinguishing
bet$'een the true encrustlng pol1'uronide hemicelluloses, artd the
cellulosan Iraction of the cellulose, v'hich has very similar properties.

I'llL ,\"-." -d S. H. l.okin.- A Ncs ll.thql lor tbP
b.s;'u;n Ob*watioos on tbe -R€moral oI Lignin ard othd En rutlng Matenab."Bieh€o'
lnnm le33 \'.1 XX\'U. DD.818-83I.
" Iti r- F Hael€v ana -il C. tttomao " Ihe Dlierentiation of Hemicdtn(B." Iod. ad
r"; ah.m 1e3, v;r- xxlv- oD.1190-rrs5.- "(3t A. c. No@atr &d s. H.'jcnkx6-" uslin Cantent ol cellulose Producls." Nat@' 1e33'
lol. (xxXI, p. 729.

ili,c c rilom,n ana S. H. lenkitu _ Thc D.temiDarioD ol Lianrn, L EnoE intrcdu.ed
b. ih; Pr*.e of Grrarn (r.bob-vdrr,x. ' Bb bcE. Jom.. l93l. Vol. XXVll l' pp.2147 ,159-'i;i a-c N.-,"-ds.B. l;nkrns- "Ib" D,lcm'oaliotr of Lig o, Il. Edoa Inlrodued
hL ihe Prence oI Proteioc. Birbcm. Ioum., 1931, \'ol. XX\,ITI, pp. 2160_216[
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For the present and for comparative purposes, reliance is placed
upon the yield of furfuraldehyde from the pentose and uronic acid
groupings as a measure of the amount of encrusting hemicelluloses,
this figure being arived at by the diflerence betwe€n the total
Iurfuraldehyde leld and that Irom the cellulosan groups in the
cellulose.

Tbe analyses mentioned above ta-ken together provide a fuJl
picture of the structuml constituents o{ any plant materiai arld
permit a detailed examination o{ the " crude fibre " determina-
tion, so much employed in agrigultural analysis; by their aid it
has been possible to show what exactly this Iraction represents(.).
The crude Iibre figure may be very misleading since no constant or
definite proportions of the structural constituents are included. The
cellulose is partially attacked so that onli/ 60 to 80 p€r cent. remains,
and the lignin extensively removed by the acid and alkaline treat-
ments given. trluch variation may be found in the lignin content of
crude Iibre fractions, Since the presence oI lignir exercises a direct
effect on the digestibility of the material, any empirical method
should include all the liglin. For certain purposes a simple acid
hydroli,sis would supply more reliable information than the crude
fibre determination.

TEE CouPosrrroN oF CRoPS

Suitable methods having been devised a study of the composition
of certain crop materials \*'as commenced along the lines of a
preliminary investigation carried out in 1930 on barley(7). Samples
are cut at frequent intervals during groMh so that the development-
al changes may be followed. So far the investigations have been
confined to winter wheat, and rye grass (Westem wolths). The
latter revealed several interesting features rvhich are to be the
subject of future examination. A high Percentage of cold water-
soluble material was found in this 8rass, at one stage nearly 55 per
cent., and at maturity almost 40 per cent., the bulk of which is
accounted for by a fructosan, or levan. At one stage the fructosan
content was found to be 35 per cent. but as the grass approached
maturitv the amount oI this constituent fell sharply while at the
same tiile the cellulose increased. Neither the protain nor the lignin
contents changed as widely asexpected, and it is clearthat a relative-
ly small change in the amount o[ lignin present is responsible
for the considerable decrease in digestibility that accomPanies
maturity. On drying for hay in the usual manner, the losses appeared
to be o{ the order of l0 to 15 per cent., much o{ which could be
accounted for by the disappearance of fructosan. Preparations of
this fructosan have been fouad to be more susceptible to acid
hydrolysis than any other polysaccharide, being completely broken
d6nn to fructose by heating with oxalic acid as dilute as 0.05 Per

(a) A. c. N@-" Tt Co6pcidon ot Code FibE." Jo@. Asric Sci., ro!i, vol xxlv
pp. !t&t10.

r?) a_ G. liollrE-..^ Pftlimi@lv Inv6tisrti@ ot th. D.reloptutrt of stretual co!.
sritiriirts io ue Autcy PIdt." Jouft. ASd. S.i., lels' Vol. XXIII, PP. ll6'tr7.
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cent. for one hour. Fructosans have also been found in wheat,
though ,not to such an extent; apparently they have an im-
portant rOle in the metabolism of the Gramineae as a temporary
carbohydrate reserve.

THx PLANT Crrr-rverr
Accompanying these applied studies of plant composition,

some more fundamental work on the nature and inter-relationship
of the cell-wall constituents has been undertaken, mainly on cereal
straws and fibre plants.

l. Cdlulose. It has been stated before that most plant celluloses
are very different from cotton cellulose in that the_v are aggregates
of pure cellulose and an associated polysaccharide or cellulosan,
which is often xylan. Many plant celluloses have been isolated and
their properties and stability studied vrith a vie\y to obtaining
information as to the method of association of the cellulosan, and
its influence on the proprties of the whole. The results are not
inconsistent with the view that the cellulosan molecules, though
much shorter in length, are oriented like the long cellulose chains
ard participate in the micellae, being retained by the same type of
secondary valency forces. Heat drying liberates a water-soluble
fraction, mainly of cellulosan, from a natural cellulose previously
unaffected by water, and this phenomenon may be repeated many
times. Any attack on the cellulosan such as acid liydroll'sis oi
alkaline extraction is accompanied by a partial attack on the cellulose
so that no hard and fast line can be dra\rn between the two groups.
Solution and reprecipitation from a cellulose solvent, by destroying
the orientation of the molecules, renders the celluiosans easilv
soluble. To obtain additional evidence on the distribution of thl
xylan in such celluloses, experiments have been carried out on
certair vegetable fibres in conjunction with Mr. W. T. Astbury,
of the University of Leeds, using X-ray methods. The removal
oI xylau progressively from manilla hemp cellulose was accompanied
by an improvement irr the X-ray picture indicating a more perfect
crystallographical state. When freed from xylan, the diagram was
almost indistiaguishable from those of ramie and Italian hemp,
both celluloses which are naturally very low in >rylar(8). The dii-
gram {or isolated xylan has also been obtained by the preparation
of thin films. The X-ray evidence is in accord with the view that
the xylan molecules are iso-structural with those of the true cellulose
chahs.

In a study of the composition o{ vegetable fibres of many types,
it was found that these lall into two well-defined groups according
to whether the cellulose of the fibre was high or very low in
xylan. (e) The group high in xylan iacludes the coarser fibres, such
as jute, manilla hemp, and sisal, all of which contain also apprecia-
ble amourts of li6nin and encrusting substances- The iecond
group, low in xylan, includes the high-grade fibres such as flax,

{6) W. T. A.tbury, R. D. PEi@ ud A. c. Norbu-..X-R.v Et@i@!iD ot the EfiEi
of R.eoving Noo-Qllul@ Co6rir!.Dl5 lrcm V.g.t bl. FibE,'N.re, t936, Vol. CXXXVL
' (r) A. G. Notue-" T!. CoDp@irj@ oI $6c Vcx.t ble FibE, witt D&ricular El.fua
to Jut ." Bicheo. Jom., 19t6. Vol. Xxx (ia th. DtB).
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ramie and hemp. No direct relationship between rylan content and
quality_ could be fourd in a wide rarge of jute sariples.
- 2. Ligrin. Arising out of the obiervation relnrted previously

that ligniu condenses with furfuraldehyde in the presence of strong
acid, to giwe a complex of the naturd of a phenolic resin, similJr
resins with a number of other aldehydes have been prepared.
Imperial Chemical lndustries have moulded the lignin-formildebvde
resin under high pressure. Phenol may further be condensed Gtb
the lignin-aEehyde complex with a resulting modification ol
properties. Lj6nin resins with acetaldehyde oi higher aldehydes
have not yet been tested commerciallv.

ConsidLrable attention ha-s been gi"ven to the clelignification oI
plant materials by means of solvents. For many iesearch pur-
poses it would be desirable to achieve a complete rimoval of lienin
without at the same time bringing about bydrolysis or degradalion
of the carbohydrates. Solvenis such as pj.ridiie, dioxanl alcohol,
etc., have been tried, with, and without, pievious chlorination, but
so {ar only partial success has been achieved. The removal oI lignin
with alcoholic soda has been investigated since this has been pro-
gosed a9 a pretreatment to the preparation of the hemicellul6ses,
but neither cold nor hot is this ar e?fective delienifuins asent_(rol

3. H emicellaloses. The encrusting polyuronide' trei-ni"1U"t,i"o
are an important group in many agricultural materials; in straw,
for example, they form the second largest constituenl. The studv
of their composition is beset with diftiuliies, and aII preparation"s
are more or less seriously contaminated wittr lignin anit callulosan.
To 

- 
reduce the former, it has been customary-to effect a partial

deliguification with alcoholic soda, but this ha; been sholn t'o have
at the same time a serious elfect on the hemicelluloses. and oar-
ticularly on those of immature tissues.(ro) A study oI the iemovil of
li6nin and hemicelluloses from the cell-wall by iltemate chlorira-
tion and sulphite extraction has thrown some lkht on the condition
of the hemicelluloses lrr sr?n.(u) It seems lilety that there is some
form of close_ association, probably amountirg to actual chemical
combhation, between the hemicelluloses and lignin, since the fonner
cannot be extracted unless a pretreatment (such as chtorination)
is given capable of rupturing the linkage, or unless a solvent (sucli
as alkali) is used which at the same time dissolves the lignin. 

.The

classica-l conception of the existence of a " lignocellulosJ,, has had
to be abandoned in view of modern work on the structure of cellu-
lose, and it now appears that a ligtrin-hemicellu.lose complex mav
be substituted for it. Possiblt both grouls occur'in tw6
conditions, combined and free.

DECoMposrTroN oF PLaNT Merrnrers
The limitations oI the lignin determination now beiag under-

stood, it was thought worth while to take up asain the ouistion of
the biological decomposition of lignin upoir ihich subiect many

tllo) A. G. No,l!a-'The HeEiellulca.. L Al@hou. Sodi@ Hvdloide s a pEtErncnr
to rlrtnctioL" Bich@. Jom, 1915, Vol. XXIX, pp.9{5-95r.

[rr) A. G. Nolrle atrd (io pait) J. c. Shr*hao.!E-., Th. Hr@iendo3... II. Th6 AtuiarioDor HeEieuqr(x6 sirh Ligbil,' Bioch.o, Jom., r93t, Vot- XXIX, pp. ritSO-rr66.
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conflicling opinions have been expressed. Studies on the avai!
abiliti of"ligiin involve analyses irom time to time on materials
that ;rc ch;ging in composition. It is very signif,rcant that changes
are especiatl/ m-arked in those two SrouPings which contribute.so
largelv to errors in the lignin determination, for Pentoses are raPldly
ferire"nted away and proteins slmt hesised under normal conditions
of arobic decomposition. To some extent these two errors are
comlrnsatory and their effect varies widell with the natur. e of the
material and period of decomposition. Previous observations have
been re-examined in the tight bf these facts. (r2; The arobic decom-
position of lignin in straw lias been sludied and determinations made
bver a period of eighteen months by four different methods, all of
which s'hou' Iosses 6f +0-5O per ceni. of the lignin in the lirst year
and 50-60 per cent. in eighteen months. (r3) Lignin is certainly not
so resistani to biological attack as has sometimes been claimed, but
beine the most resistant plant constituent tends to accunulate. High-
lv deiomposed organic residues composed largeh'of lignir and protein
are readili' susceptible 1o oxidation, and this property is being
investisated in humic residues from various sources.

Ceriain oI the oak timbers of Rothamsted House have been very
extensively attacked by the Death-watch Beetle, and on their
replacement the oPportunity was taken of analysing samples oI
thl decomposed w66d and iomparing them with the sound wood
from the sime source. The results leave no doubt that the main
constituent removed by the larva was the cellulose, and in so far
as it was possible to form any estimate, the total loss suffered by
the wood was in the region of one I hird. (r{)

Olhzr l*uesligations. The oxidation of amino acids wilh hypo-
chlorite has been studied in detail, and the route of the reaction
and products determined. Glvcine gives rise to COr, water and
gaseous N, t hrough the intermediate formatioo oI HCN, which is

iubsequently hydlolysed to Iormic acid and ammonia, both then
being iompietely oxidised. The rate of the reaction is enormously
aI{ected by the 1H oI the mixture, being most rapid in the region
of 1H 7-9.(t) \lften extended to higher amino acids, this work.has
pr6rrided another example of the great disparity b€tween the-first
ind succeeding members in a homologous series, since the producls
and conditioniof oxidation are very different from those found for
glycine. The acids formed from the cyanide are not oxidisable, and
Irom a dibasic amino acid, a cvano-acid has been obtained and
identilied.

DESIGN OF FIELD EXPERIMENTS
The earlier work of the Statistical Department included the

desierring of field experiments so t hal a valid estimate could be made
of the mignitude ofthe errors affecting the results, and at the same
time as much as possible of the variation due to soil irregularities

(lr) A. G, Nom -" Tbe BioloSi..l D..omposilioo ot USnia." Sci. ProSE , 1036, Vol

n,i h. G. N"* r' Tb. D.compGition oI LEEio i! Pl&t )4a!qirli. Tt?E srd Idt @r.
c-; So'l S{i.. Orlord. l9!5. \'ol. lll. oD. 105_108.- r-r{l i. c.' N"*; ,'ih. Dotniciion oI od. by t!. Dcath_mtcb 84t1. " Bi6b.E.
lmin 1s16. Vol. XXX lin D!6)."- ttoi i. i. N"---'TL. Oiidatiotr ot AEiG&id5 by Hypetldit , I, Gly.ie." Bi@h.E.
JoEn.;1096, vol. xXX, pp..8r're6
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could be eliminated. This purpose was accomplished, and designs
such as randomised blocks and the I-atin square are now superseding
the older typ€s of lay-out in almost all classes of agricultural
experiment, both in this country and overseas.

During the last few ]rears attention has been devoted to methods
of increasing the elficiency attainable by simple randomised blocks
and Latin squares, and to methods of widening the scope of a single
experiment so that several problems cam be investigated con-
currently. Faaorial desigtts have been developed, in which all
combinations of dilferent levels of several treatments (or Iactors)
are included. A simple and very effective example of this t]?e of
design is the 27 plot experiments of the factory sugar beet series.
In these experiments all 27 combinations of double, single and no
dressings of each of the three standard fertiliser components,
nitrogen, phosphate and potash are represented, only one plot being
devoted to each treatment combination. Each plot is in effect used
three times over, once to ass€ss the value of nitrogen, once for
phosphate and once for potash. In addition, information, which
would be wholly lacking if three separale experiments, each con-
fined to one of the three fertilisers, were used, is obtained on possible
variations in response to one fertiliser at dilfereat levels of the other
two. Such factorial designs, therefore, represent a Sreat advance
in experimental technique, and they will probably supplant the
simpler methods in the same way as randomised blocks and Latin
squares have supplanted the older systematic arrangements.

The attention of the department has also been directed to
problems of sampling, which are of immense imPortance in
agricultural experiments. The most efficient technique in anv given
instance can be determined only by statistical methods; indeed
if statistical principles are not'bome in mind sampling may be
almost unbelievably inefficient. An example of the rapid advances
in knowledge that can be obtained by the discriminating use of a
good sampling technique. applied co-operatively b1'r,r'orkers at
several centres. is provided bv the sampling obsersations of the
growth of the wheat crop, which are described in a later section.

SOILS
The chemical and physical work consists in attempts to discover

the composition and constitution of the soil, and to follow the
changes taking place therein.

The clay is recognised as one of the most imPortant components
and much rvork is being done on it in the Chemical DePartment.
Dr. \agelschmidt has found by X-ray anal!'ses that its com-
monest constituent differs from all known minerals, but is appar-
ently related to halloysite: he is also studying the s$rlling of the
montmorillonite lattice in presence of water. This investigation
requires continuous access io very costly physical apparatus and
we are greatly indebted to Sir \\'illiam Bragg lor allowing all that
side of ihe work to be done in the Davy Faraday laboratory of the
Roval Institution.-Soil, AroJjsis. Considerable attention has been given to the
old problem of finding some chemical means oI forecasting the
probable ellects of fertilisers. For soils suflering from some serious
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deliciency this is relatively easy, but for soils that have been
reasonably well farmed and manured none of the present methods
is adequate. An examination of some 15 different methods was
recently made by members of the International Society of Soil
Science, but none of them proved entirely satisfactory. The rapid
methods put forward from time to time are liable to give misleading
results. Dr. Crowther, in coniunction with Mr. Warren, Dr.
Richardson, Miss Heintze, Dr. Nagelschmidt and other members
of his staff is examining the soils oI the various plots on which
sugar beet and potatoes are grown, to discover how far the results
oI the field experiments accord with the expectations based on
yarious methods of chemical analvsis.

Soil Moisture. In the Physics" Department, a notable achieve-
ment has been the straightening out of the difficult problems
associated with the moisture relationships of the soil. For man1.
years tbese have caused considerable dimculty: a scale has now
been devised which introduces the same kind of order and simplifica-
tion as the fH scale has done Ior soil acidity. This work is so
important to soil workers that a sunmary of it is given here though
the description is necessarilv ven technical.

When wet soil is placed in an atmosphere of fixed relative
humidity ([ per cent.), evaporation continues until the moisture
content has been reduced to a va.1ue which depends on the nature
and previous moisture history of the soil sample and on lr. When
evaporation ceases, the {ree energy of the water remaining in the
soil is less than that of pure water ia bulk by 1T tog (fo) ergs
per gram. Dividing by the gravitational acieleration- g, thls
free energy difference is given by the height in centimetres of a
column of water that expresses, in effect, the " suction " with which
the remaining water is retained; or, looked at another way, the
effective height above a free water-table. Evaporation into a 5O per
cent. relative humidity atmosphere develops a suction in the
remainhg rvater equivalent to 1,0O0,000 cm. of water, a column
higher than Mount Everest. The difficulty of comparing sur-h
suctions with those developed as the result of drainage to a water
table, which are of the order o{ 1.000 cm. and less, hai been met bv
using Ihe logarithms of these figures. By analogy with Sorensen!
logarithmic acidity scale the sl,rnbol y'F has been used (F being the
recognised slmbol {or free energy).

The suction force exerted by the roots of plants which have iust
reached the " permanently wiited " conditio'n is usually betu:een
10,0O0 cm. and 20,000 cm., or between ,F 4.0 and rF 4.3. There
are great exp€rimental dimcdties in the way of measuring evapora-
tion into atmospheres more humid than about 95 per cent . iaturition
Hence 60,000 cm., or 1F 4-78, the suction developed by evaporation
into ajl atmosphere over l0 per cent. sulphuric acid (95.6 per cent.
relative humidity) is about the lowest value obtainable in this wav.
On the other hand, the highest value obtainable bv vacuum suction
through a lilter is l,0OO Cm., or 1F 3. Fortunateiy, freezing poirt
determinations enable this gap to be bridged. One degree ceniigrade
freezing point depresion corresponds to a suction of l2,7OO cir. or
iF 4.7.
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Mr. Botelho da Costa, under the direction of Dr. Scbofield, has
used the improved freezing point technique mentioned in the last
report to measure the rF oI the water that remained in seven soils,
ol u.idely dif{erent character, when beans growing in them became
" permanently wilted-" The values so determined fell between
y'F 4.0 and 1F 4.4, although the corresponding moisture cootents
ranged from 2.9 to 21.6 per cent. of dry soil. Taking the mean value
ol lF 4.2 and reading the corresponding moisturc content from the
curves plotted from the freeziag poilt measurements, the values
obtahed difler on an average by onlv 0.7 per cent. from the moisture
contents fouDd in the wilting experiments. The greatest difference
was only 1.2 per cent., which would be of small consequence in field
measurements.

The moisture content of a soil at permanent wilting does not
bear a constart ratio to the " moisture equivalent " determined in
the Brigg-Mckan centrifuge as these authors claimed. The freezing
point determinations show why this is so- For a medium textued
soil the " moisture equivalent " corresponds to about y'F 2.9.
This was confirmed by the {reeziag point measurements which
showed that the curves connecting ,F and moisture content differ
in sialc from soil to soil, and for the seven soils examined the ratio
of the moisture content at 1F 2.9 to that at y'F 4.2, iastead of being
constart at 1.84, varied from 1.5 to 5.3.

By using the y'F scale the results o{ measurements by direct
suction, centrifuge, freezing point and evaporation into atmospheres
of controlled humidity car be plotted on the same graph and curves
connecting /F and moisture content can be traced from saturation
UrF 0-l Centimetre suction) to oven dry (approximately 1F 7).
This rrork has broryht into prominence the great importance of
distinguishing between wetting and drying conditions. The suction
needed to withdraw water from a moist soil is, in general, greater
than that against vr'hich water will enter the soil at the sarne moisture
contents. This fact, coupled with the slowness of wetting of clay
by water at ,F 3 or above, has been shown to account in a general
way {or the characteristic moisture distributions met with in the
field.

SOIL MICRO.ORGANISMS
The gro$th oI the plant, in nature is determined not only by

chemical and physical soil factors but also by the soil micro-
organisms, which are studied in the ll{icro-biological, Bacteriological
and Fermentation Departments. The more these organisms are
investigated, the more nunerous thel'appear. Twenty-five years
ago, the bacterial population in one gra.m of soil (about a salt-
spoonful) would have been assessed at about 5 to l0 millions. It is
now knorvn that the {igures are very much higher. A gram of field
soil may contain several thousand million bacteria, ma-ny thousands
c,I protozoa, millions o{ actinomycetes and fungi, in addition to ar
unlmown number oI eel-worms, besides other ortanisrr not invaria-
bly found, either because they are not always present or because
the technique is defective. The greater accuracy of modern bacterial
counts is due to the method of counting bacterial cells in soil uader
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the microscope which has been developed in the Bacteriology
Department and now gives reliable quantitative results.

Three main groups o{ investigations are carri€d out :-
l. The decomposition of organic matter and its conversion into

sinpler substances. This is at the basis of the production of plant
food in natwe, but it has also many applications on the farm and
in the country-side ; three oI which are studied in detail :

(a) The decomposition of plant residues in the soil in relation
to green manuring, ploughing-in of leys, residual values
of farm5'ard manure.

(6) The conversion of straw and other plant residues into organic
manure. This process has been taken up by Adco, Ltd., and
developed by them into a workable process for making
artificial farmyard manure. While English farmers do not
ma-ke much use of it the method is used a great deal by
gardeners and to a still greater extent by planters and growers
overseas. Some 5O,00O tons or more of manure are probably
made annually through this one organisation and there is
reason to believe that the total made in all countries by the
process is not less than 20O,000 tons annually.

(c) The biological purification of efluents from sugar beet and
milk factories-

The last-named investigation is carried out in the Micro-
biological and Fermentation Departm€nts under the egis of the
Department of Scienti{ic and Industrial Research ; the work is done
partly at Rothamsted and partly in the factorv.

In the Bacteriological Deparhnent the interesting work on
clover organisms continues, and it is shown that in the soils of
certain hitl districts there occur harmfirl strains which do not them-
selves benefit the clover plant, and which prevent most beneficial
strains from forming nodules. A few beneficial strains, however, are
able to overcome the harmlul elfects of the bad strains and enable
the plant to male Iull normal growth. Experiments have been begun
on the inoculation of these beneficial strains into soils containing the
harmful ones, and the results are distinctly promising. The first
essential is a sun'ev of the hill districts to see how far these
harmlul strains are prevalent, and to \r hat extent the highlv
eflicient strains already isolated are able to act generallf in over-
coming their bad effects.

The process of irfection has been studied in considerable detail.
It is impeded b1' the presence of nitrates r-hich not onll' reduce
infection but also reduce the activitv of nodul.es already formed.
Part o{ the elfect consists in checkhg the deformation oi the roor
hairs rvhich is an essential preliminary to infection: this, howet er,
can be counteracted by adding dextrose. Such nodules as are
formed in presence of nitrate are abnormal in sel'eral ways. The
distal cap of the cells, normally thin-walled and activel] dividing.
develops much thickened cell walls and the cell-division soon ceases.
The lateral endodermis and the cells surrounding the vascular
strands b€come heavily suberised. These cha-nges result in the
central nodule tissue becoming enclosed in a layer of thick walled
cells. This central tissue shows evident signs of starvation-
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PLANT PATHOLOGY
Virus Disease- The group of workers who have since 1929

studied virus diseases under Dr. J. Henderson Smith, suffered its
Iirst loss ir October, 1935, when Dr. Johrr Caldwell left to take uP
the Lectueship of Botany in University College, Exeter. His last
importart coniribution was to show that inoculation with a strain
of virus conferred in certain conditions some degree of immurity
against a virulent strain o{ the same or a closely allied,vinr<. -Dr.
Shefteld, in studyhg by micromanipulative technique the localisa-
tion of virus in the plant and within the single cell, has found that
individual cells differ inin susceptibili

responding t(
ty to virus attack, only &12 per
r inoculation.cent. oI int. oI injected cells responding to inoculation.

Mrs. Watson has carried out a series of quantitative iMrs. Watson has carried out a series of quantitative investiga-
tions on the relations between the insect vector and the infection
il produces, The amount o[ infection increases as the time of feeding
thi: infected insect on lhe heallhy plant is raised hom 2 minutes to
12 hours, but only by about 20 Per cent. As the time of feeding on
the infected plart, belore translerence to the healthy plant, is
increased from 2 or 5 minutes to I hour, the arnount of infection
fatls bv 50 per cent., but rises again after I hour's feeding. The fall
mav be dud to development of an antibody in the insect body and
thi; is being investigated with the help o{ Miss B. Mitchell. An
inlected insect, transferred from one hea-lthy plant to a second, may
infect the second plant as well as the first, but not if the period on
the [irst plant exceeds one hour. This is o{ importance in the question
whether insect trarsference with viruses of the t,?e under experi-
ment is purely mecha.nical or requires ingestion by the Ieeding insect.

Mytology. A new glasshouse lor m.t cological work was r-om-
pleted in 6ctober. It lncludes one large comPartmenl, 24 ft. bv
30 ft., for general mycological work, and four small compartments,
ll ft. by 1l ft., which can be made insect-proof when required- Heat-
ing is 6y a thermostatically controlled, oil-fired boiler. The new
house has already proved that it is excellently adapted for the
work required.

The iompletion of this house enabled inr-estigations to be
commenced tbwards the end of the,'ear on the club-root disease of
crucifers. It is proposed to examine first the well-knovn action of
lime in controlling ihe disease, and to detemine if possible rvhether
this is due to an effect on the disease-producing organism itself,
or whether it is due to an increased resistance conlerred upon the
host plant. An ef{ort wilt also be made to find an explanation for
those cases in which lime is stated to have no beneficial effect.

The vqork on root-rot diseases of cereals has been continued.
F. J. Grcanet, on leave {rom Carada, co-operated with G. Samuel
in in investigation on the gradual invasion of wheat rool systems
by fungi as the crop ripens. They found that the fungus Fusarium
Cut tnorurn, winict is usuallv regarded as a disease-producing organism
was much more widely distributed than was imagined, and that
healthy wheat crops by the time they were reaped often had a con-
siderable amount o{ the Ilrn8us present on the roots without suffer-
ing ary apparent harm. Studies wilt be made later of the condi-
tions uirder which this fungus becomes a parasite of importarce.
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ENTOMOLOGY
The Entomological Department is concentrating on a studl.

ol the factors that determile the changes in number and the move-
ments of insect populations. Observations show that all the ordinarl
harmful insects occur on our farm but in general their numbers
are so small that they do little damage. Occa-sionally, however, one
or more strrcies multiplies with extraordinary rapidity and devas-
tates the crop. The spring of 1935, for example, was not favourable
for insects in general, yet one sp€cies, the $zgmy Mangold Beetle,
multiplied so inordinately that it completely ruined the mangolds
on Bamfield, on which mangolds hal'e been grown every year since
1876 (with two exceptions) and where the insect has certainly been
living for a long time. In certain investigations, the general procedure
is to ta.ke systematically frequent " samples " of the insect popu-
Iation of the fa.rm. Methods have been devised for making simple
censuses that can be subjected to statistical examination and these
are continuously improved to facilitate their use in practice.
Approximately four times as man] irsects were caught from March
to Octob€r in 1935 as in the corresponding period of the previous
yea$, the difference being mainly ia the Lepidoptera and the
Diptera. Full meteorological observations are taken, and relations
iue sought bet\,!'een these and the census {igures. The numbers of
noctumal insects caught in a light trap show a definite lunar
periodicity, with low numbers at full moon and high numbers at
new moon. The elfect is more marked for some groups o{ insects
than for others a.nd is most significant in tl:Le Noctuida,e.

A higher proportion of females was ob taured, i\ the Noctlid,o. n a
trap at a height of 35 feet above the ground, than in one about
3-4 feet above the grouad.

A-mechanical trap for insects, designed and tested during the
y€ar has been found valuable for estimating the activity of imall
slow-flying insects, such as green fly. It has already been adopted
for use iqstudying the transmission ofpotato virus disease byinsects.

Dr. Bames has completed the first series of his studies on
variation in popu.lation of certain insects, which include nire years'
observations in the case of the wheat midges. The figures foi 1935
for the latter insect show an increase over the previous two years
and so fit very closely to the periodic curve which was suggested three
years a8o.

The analysis of records of insect migration has thrown light
on two important problems. Considerable evidence has been found
that some British migrant butterflies and moths make a return
flight to the south in the autumn, also thar one of the misrant
Hawk moths which occurs in both Europe and America, at Iimes
as a pest, shows a tendency to occur simultaneouslv in both
Continents. This indicates tliat the causes of migration in this
species must be sought for in factors that are eithir very widely
spread or are positively correlated in the two Continents.

INSECTICIDES.
Dr. Tattersfield and Dr. Martin investigate the direct attack

on harmful insects by means of insecticides. Certain vegetable
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products a.re found to b€ extremely effective and have the further
advantage that they are hanr ess to farm animals and to man.
Among then the most important are products from the tropica-l
plants, Cub6, Derris, Haiari and others, and the non-tropical
Pfethrun. Methods of chernicatly evaluating these are investittted,
and experiments are made to test theeffect of manures on pyrethrum.
Dr. Tatlersfield's work has created so much interest in ihe United
States that one of the large manufacturing firms there invited him
over in May, 1935, to discuss problems with their experts and those
of tle United States Department oI Agriculture.

During 1935 work has been concentrated on the differentiation
of the species and varieties of derris root. Henderson's valuable
studies in Malaya oI the botanical characters of members of this
gerus dve no indication of their potential value as insecticides nor
whether the constitution of the resins is determined by genetical
or environmental factors. We have had specimens oI Dcrtis
cll:iftico possessing little or no toxicity to iasects, and samples of
Tefhrosi.a oogellii ar,d. ol Mundulea sabercsa vary widely in aativity,
despite the fact that they appear to be true to tj.Pe. From these plants
a nurnber of crystalline derivatives have been isolated by various
investigators. Only one, " rotenone," is highly toxic to insects, the
others appear to be either altered in the process of extraction or
derived from precursors of greater insecticidal power. Three
samples of derris, D. elliptica, D. malaccersis, and the " Sumatra-
t,?e," all contained about the sarne amount of extractives, but the
resins differed markedly in properties. The rotenone content was
highest in D. elliltica and lowest in the "Sumatra-ty'pe."
D. malarcensis and the "Sumatra-type" resias lelded an optically
active resin from which was isolated optically inactive " toxi-
carol," a compourd closely related to rotenone, but with relatively
little insecticidal pov/er. The resins derived from these three types
of root when dissolved in benzene were optically active and
laevorotatory, and although their rotations were in the same order
as their insecticidal powers the relationship was not quartitative.
When a solution of caustic potash in methy,l alcohol was added to
the benzene solutions of the resins, tho se deived.from D, malauensis
and the " Sumatra-t,?e " changed instantaneously in sign and
b€came dextrorotatory, while those from D. elliltica became less
laevorotatorv but did not change sign . The resin extracted by caustic
1rctash from the " Sumatra-t]?e " resin gave the change-over from
laevo- to dextrorotation, but the residue reacted like the resin from
D. elliftica. The induced dextrorotation declined with time at a
rate depending on the amount of methvl alcohol added with the
potash.

Direct insecticidal tests showed that no single method, irlcludiag
the estimation of the dehydro-compounds derived from the resins
by suitable oxidation and dehydration processes, tru.ly assessed the
relative potencies of these thre€ roots, and our chemical work shows
that the toxicity of the resins is determined not only by rotenone,
but by the precursors of deguelin ard toicarol also.
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fn the field experiments on pyrethrum at Wobum manuring
had no significant effect on feld.

Soil lrceclicides. The possibility ol finding a chemical sub-
stance effective for soil sterilisation and as a soil insecticide has
recently been revived. Some years ago it \yas shown at Rothamsted
that certain b€nzene derivatives were very promising, but they
were then unobtainable on the large scale. They are now, however,
available irr quantity and at relatively low cost. The subject has
therefore been re-opened and Major Ladell appointed to discover
how best to find out the effects of these substances agailst wire-
worm and eel-worm in actual Iield conditions; these two pests
being chosen because thev are already doing much damage, and
the eel-worm is lhreatening to do more.

This work has been greatly facilitated by Major Ladell's new
method for the rapid separation of insects and other arthropods
Irom soil. The sample is stirred in a heaq/ non-toxic solution
(magnesium sulphate, sp, gI. l.l) through which a stream of fine
air is bubbled to assist in floating the insects to the surface. The
froth containing the insects is drawn off over a sedimentation tank
and the insects finally' separated by filtration.

Over 95 per cent. of the soil farua can thus be separated lrom a
sample of about 5lb. oI soil in about 20 minutes. Two field experi-
ments on the use of insecticides against soil insects were carried
out in 1935, one against wireworm and the other against root eel-
worm, fow insecticides in single and double doses being used.
Significant differences were observed between the numbers of
eelworm cysts in the control and some oI the treated plots. There
was also a noticeable decrease in the number of wireworms on
some of the plots. Both exp€riments are b€ing continued.

BEE-KEEPING RESEARCH SECTION : 1922-1935.

Orgatisatior and Equiimeht. Shortly alter the rvar the Develop-
ment Commissioners made a grant to the University of Cambridge
for investigations on problems oI bee-keeping to supplement the
work on Bee Diseases thev were financing at the University of
Aberdeen.

In l92l the investigations rvere bv mutual atreement trans-
ferred to Rothamsted along with the equipment and the stocks of
bees. In 1922 Mr. D. M. T. Morland came from the trfinistn, of
.{griculture to take charge. He has been assisted throughoui by
Arthur Rolt, while B. A. Young was a voluntary worker for about
one ]'ear and others for shorter periods. In 1934 the beekeepers
asked that the work should be extended to deal with bee diseases,
and the British Bee-Keepers' Association generously undertook to
collect one half of the monev required, if the lIinistry oI -{gricutture
would provide the rest. This was done, and Dr. H. L. A. Tarr was
appointed as Bacteriologist to investigate brood diseases.

The section forms part of the Department of Entomology.
At the inception of the work at Rothamsted an Advisory Com-

mittee was appointed consisting of IUessrs. Bocock, J. C. F. Fryer,
Cragg and W. Herrod-Hempsall, with Sir John Russell as Chairman
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and Dr. Imms (Head of the Department of Entomology) as Secre-
tary. Meetings have been held once or twice a year to discuss the
progress made and to advise on future investigations.

The present Crmmittee consists of Mr. J. C. F. Fryer, Mr. W-
Herrod-Hempsall (Ministry of Agriculture), Miss A. Betts (Apis
Club), Dr. Gregg, Mr. J. Herrod-Hempsall, Rev. W. H. Richardson
(British Bee Keepers Association). Dr. H. Schiitze, Dr. .1. C. G.
Ledingham (Lister Institute), Brother Adam, Dr. F. Th6mpson,
Mr. B. C. Berkeley, Mr. Gilbert Barratt. Two of the members
representing the B.B.K.A. were appointed by that body when they
took over the responsibility for the collection of the Beekeepers'
share in thefundforFoul Brood disease research : thetnomembers
representing the Lister Institute were appointed at the same time
to advise on the bacteriological side of the work.

The experirnental apiary (a)(r) is situated on the Rothamsted
Farm in a sheltered position protected by trees and hedges. It
usually contains thirty to forty colonies mostly on British Standard
Frames, about half being in W.B.C. hives and the rest in " National"
single walled hives. These are arranged regularly, but in such a
way as to avoid excessive drifting of the bees- The field laboratori'
contains store room, extracting room, and workshop and has water
and electricity laid on.

Two or three out-apiaries are usually maintained for special
investigations and for rvork on brood diseases.

The main sources of nectar are rvhite clover, the lime trees
of the adjacent avenue and, in spring, wild cherry and holly.
Willows of both pollen- and nectar-bearing varieties have been
planted at the apiary and a small orchard stands opposite. The
spraying experiments carried out on these trees are watched with
some anxiety, but up to the present there has been no evidence of
poisoning of the bees.

For the more technical investigations there is a large laboratory
in the Entomological Depanment.

Hire Ternleratures. Observations on hive temperatures bl.
means of thermocouples were commenced by Dtr. Bullamore while
the apiary was still at Cambridge ; they were continued at Rotham-
sted with improved instruments embedded irt the foundation wax.
Interference with the brood was thus avoided but the temperatwes
recorded were of course those oI the brood and not of the air in
the hive.

Daily readilgs, winter and summer, were carried out for a
number oI years in hives with different comb arrangements. Once
a month readings were taken every three hours Ior a period o{
24 hours or more, The statistical ana\rsis of the data was made
under the supervision o{ Mr. Irwin, but was never published. The
results tended to confirm those obtained by Phillips and Demuth
in North America and were summarised at the 5th International
Entomological Congress in Paris in 1933 (r0).

Feedirg Exleimcrrrs. Two feeding investigations were under-
taken in 1929(10), these were:-

(a) Comlarisol ol Cane atd Beet Sugar- Some beekeepers had

{l) Tbe lumb.B io bracl.t3 rlE to the Bibiiog.aplt, on pp. 61-6G.
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been accustomed to attribute their winter losses to the use
of beet sugar as food. Two series of hives were deprived oI
most of their natural stores, one was given cane sugar
first as s1,rup then as candy, and the other beet sugar in
similar form. No difference in winterint attributable to the
sugar could be detected. This experiment was repeated
oyer a series of winters.

(bl Rilnirg oJ Sytul. A mild organic acid such as tartaric
acid or vinegar is sometimes used in preparing syrup for
autrmn so as to invert the cane sugar and prevent granu-
lation in the comb. Experiments showed that boiling syrup
with acetic acid for 30 minutes inverted only l5 per cent.
of the sugar, while merely bringing the symp to the boil
was almost ineffective. Slrup to which acid has been added
was not so readily inverted b)'the sativary juices of the
bees as was the plain sugar, so that samples of the sealed
stores ta-ken lrom the hive after {eeding showed an advant-
age in favour of the untreated sugar. The inhibiting action
of the acetic acid on the invertase of the bees' saliva had
defeated the object of adding it.

Weighing Hites. Even in a commercial apiary it is most
desirable to have a hive on scales, and in an experimental apiary
this is a necessity. Three sensitive self-recordilg balances are used
to r€cord continuously tbe changes of weight of the stocks kept
on them(8). One of these has been in continuous use for nine veals
aad the records show a marked similarity in the dates of the onset,
peak and cessation oI honeyllow in different seasons.

The relation between the daily fluctuations, which give a measure
of the bees'activity, and the weather records (sunshjne, tempera-
ture, rain, wind, in decreasing order of importance) have -been

studied by P. V. Sulhatme.
Shtdy oJ Suatming. Swarms are undesirable as tbey not only

cause trouble and loss of time, but also they divide the working
force of the bees at the season when it is most imDortart to kee;
it intact. The brood food theory of Gerstung sieems to offer'a
reasonable fiplanation of swarming and it bas received some con-
firmation from R6sch's work on tbe division of labour in the hive(tr)-

Experiments with bees marked on emerging from the ceU Li
then iatroduced into observation and other hives, tend to cor-
roborate R6sch's r,rork. As they become older bees are promoted
Irom the various grades of nurs'ing duty to household wbrk. such
a-s wax builjring and the ripening and storing of honey, and finally
to Iield work.

According to the brood food theory it is a surplus of nurse bees
over the requirements of tbe brood that causes the buildirg of
queen cells. A su4rlus occurs i-o everlr normal stock immediatelr-
after the pea-k of brood rearing is reached; its magnitude variei
according to a number of factors and it is largely this which deler-
mines whether swarming occurs or not.

The introduction of marked bees into a colony induced
swarming : indeed in one year the only s\rarms in the experimental
apiary came from such colonies. The withilrawal of brood from
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oiher strong colonies to provide b€es for marking and trarsfer to
the experimental hives bad lowered the proportiim of nurse bees
to brood in the one lot and considerably airgriented it in the other.
Removal of much of the sealed brood froi the nest and keeping
the.resulting b€€s away until they are past nusing age forms'thi
basrs ol several systems of swarm control.

A Conference on swarming was held at Rothamsted in lg3d
and was largely attended by beekeepers. A report on this Con-
ference was published (88).

Brr Drspeses

Acaline or " Isle ol Wight " Discase. In lg27 Mr. Allen
experimented on the treatment of Acarine disease bv vaoours
introduced into the hive. Oil o{ wintersreen and sulphir diixide
were the only ones rhat killed the mite-without at tde same time
ki[ing the bee. The Frow treatment had not at that time been
devised and nitrobenzene was not tried: when Mr. Allen left the
work was discontinued; it u'ill, however, be resumed during the
comrnS season.

Brood, Diseases. Dr. Tarr finds that American fout broodis a delinite disease due to Bdccihts larvae, blut the so-called
European- foul brood is more complex and appears to be associated
with -at- least 

- 
two organisms. e thira ais'ease generally called

" addled brood " may be due to some trouble in the"queen aid is not
due to a pathogenic organism.

American foul brood ald addled brood are more common than
European foul brood.

. A+"fq foul brood appears to attack quite strong b€es, but
there is distinct evidence that European foul biood is moi previlent
in wea-k stock and in neglected afiaries.

A Conference to discuss problerns of brood disease was held at
Rotbamsted in May, 1934(31.

Setses and Sersc Orgars oJ Becs. H. C. F. Newton irvestisated
the soralled ol{actory organs or " campaniform sensille ', scat-tered
over.the bodies-of bees, dealing particularly with the structure and
development of the sensilla occ-urring in ibe wins bases of adult
worker bees. He finds no evidence tFat the actua"l termination of
the nerve fibre is exposed to the outside air. (s)

J. Marshall(r) has made a preliminary study of other sensorv
organs, the contact chemoreciptors on the intenna and fori
tarsus oI the honey bee. He found that the bee responds when a
solution of saccharose of an average strength of M/i2 comes into
contact with tbe antenna, whereas a strength of M/l is reouired
t-o elicit a response from the fore-tarsus. Amiutation 6I the .r,i.nro
did not aflect the gustatory reactions of th; bee but resu.lted in a
complete loss of olfactory recognition of wax comb. It was concluded
that the artenna are the seat of all the olfactory organs which
perceive mild odours.
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HoxrY Pnorr-rus
" Ftuslitts " ol @awlatcd H oney- Pteliminar1 observations

sussest that"this 6henomenon, due to the {ormation of an irregular
rirar"." betwee; the dextrose crvstals and lhe jar, is aggravated
bv the laree ouantities of air that the modem centrifugal extractor
iri"o.ooraGs i'nto the honev and which is not removed in subsequent
oo"..'tion". It can be g6t rid of by incubathg for two days at
rb'C, Uot this involves l6ss of both c6lour and aroma oI the honey.
Placing the honey in a vacuum was not effective as on re-admitting
air thabubbles were re-absorbed.

Heather Honqt. Thixotrofy. Heather honey is popularly-sup
posed to be able io hold more 

-moisture than other honeys without
iermentation, and it was therefore desirable to dravr' up for the
National I{ark Scheme a special schedule for heather honeys,
allowinp a reasonable excesi of moisture. The sPecial water-
holdin{powers are associated with the capacity to form a gela-

tinous-siructure on standing which is reversibly destroyed by
stirring, a property tell-known in other materials under the name
of " thixotropy " (Page 47).

G. W. Scott Blair has iovestigated this problem and has

described a simple semi-quantitative test for thixotropy by which
honeys can be classilied (e).

Very Iew o{ the manl' plants from which honey can be obtained
vield tiris thixotropic hoiey - Calluna atlgaris ar,d Lellns?er,,.t ,,t
icobarium. the lattir from ilew Zeatand, ari the only authenticated
caJe. to date (Apr., 1936), except that heated honey from Buck-
wheat (Polygoium Jagofyum) is also reported by Pryce-Jones as

thixotropic.
Honeys produced from Erica spp, however, are not thixotropic,

and should not contain ary excess of moisture.

LIBRARY

A librarv of bee-keeping books is being built up and now
includes long series oI some o-{ the more imporlant bee journals and
a number of books and pamphlets on beekeePing. Additions to
the collection will be welcomed.
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CROP ESTIMATION AND FORECASTING
SA}IPLTNG Ogsrnverroxs oN Trit GRowrH oF WHIAT

In 19 the Agricultural Meteorological Committee was formed
by the Mhistry of Agriculture and Fisheries, the Department oI
Agriculture for Scotland, the Meteorological Office and ihe Forestry
Commission, to investigate the effects of the weather on agriculturil
and horticultural crops. The programme includes sampling obsewa-
tions on the growth of wheat ou a plan developed by the Statistical
and Plant Physiological Departments at Rothamsted. Ten stations
collaborate; at nine of them lull meteorological observations are
ta.ken, The work is supervised by the Statistical Department, and
1935 was the third year of the full scheme.
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The observations consist of counts of plant number and shoot
number per unit area, and measurementsbf shoot height and ear
height. .\t each station two standard varieties are 6bsewed at
inte-rvals var'ing from three weeks to a day, according to the state
of the crop.

_ In survel ing the results of the first three years Miss M. M.
Barnard found a close connection b€tween the hiight of ttre shoots
al ear emergence and the final yield of grain. Plant number at
tillering was negativelS. correlated with the yield of grain. No other
measurement was closelv associated with vield. The results are too
few to show tbe effects;f variatiotr in -.ieoiotrgi..i.;fuiti";. ;;
yield,_ but at certain stages the effect of the temperature on growth
was clearly marked. The wheat crop, in fact, appears to be growing
at or near the optimum meteorological conditions, so that the
inlluences of variation oI weather are likely to be small and complex,
differing with different soil types.

Pre-
dicted

Scale Ha]'ne
Rothamsted
Newport
Boghall ..
Sprowston
PlumptoD

Lolrg SuttoE
Ileanr

19.0
22.2
35.3
32.8
95.3

25.5
26.2
38.8

'1.
29.3
3 r.6'

39.4

43.7

28.3
35.2
47.a

34.6

30.o
32.4
43.3
37.8
29.5
28.2
41.5

26.2
31.7
40.0
!c.6
20.6
ti.2
t5.25
10.8
33.0

26.2
32.5
37.6
26.4

39.4

3,1,

25.$
25.7
39.7

21.1

Y"

30.4
39.9
33.2
27.8,:'

10^8.
2i.6
28.4r

(t) B!.ludioa Wye an4 Irng surto!.
(r) Adi6le<1. ro. be ggdptaltl. (over l-be sEe thuporptata) ,irhrhetlEDsof rh. otbdyeE, sBrcr 4clude PtudDroa,
(3) AdjEled to bc coDD.rabie (over rhe eEt set or ytuE) wirh lre m.c ot rheorh.J statioE
(a) S€tioc dahase by bir&.
(6) D@Erd by 'tzk-a!t loptabot$ srait'B sa.c).

The association between shoot-height at ear emergence. plant
numb€r at tillering and yield of grain, enables a forriula foi the
prediction of field to be catculated. Working with the mean of the
two standard varieties, ard the first six stations of the accompanvins
table, it was found that for every increase of an iach iri lerlpti
(measwed to the top of the sheath of the youngest leaf) an incre'ase
in yield of 1.32 cwt. per acre is to be orpicted-, and that for everv
increase in plant number of I p€r foot:leneth of row, there is "a

decrease in yield of 0.62 cwt. With a heieht oiAO inches and a Dlanf
number of I0 per foor, the expected yi;ld is A4.B cwt. The Jalues
of the yields calculated from the formula are shown in the table for
comparison with the actual yields.

These results are not suficiently extensive to determine the
accuracy of forecasts based on height measurements. but thev
suggest tiat simple measurements of this tvDe mav enable eooe
forecasts to be made for any particuJar field. 

-

Obsemcd a d Predicled, yiclds \cu)r. pet a.re)

re33-34 | 193{-35

Station
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Such forecasts, however, would be of little use in Predicting the
average yield of a district unless one knows how closely the yield on
the o6servation plot is related to that of other fields in the same
district.

The degree oI association between fields in a district n'as estim-
ated from samples taken by the croP weather observers in I934 and
1935 from {ields on different farms: the variability from Iield to
field was remarkably high. In consequence both eitimates and
forecasts of the average yietd oI a district need to be based on
observations of commercial crops.

The observations on wheat will be extended to study the
possibilities of crop estimation at and prior to harvest. Suitable
methods for sampling sugar beet and potatoes are being sought ;

the Harper Adams College is co-operating in the sugar beet work.

DEPOSITS FROU THE ATMOSPHERE
Since I9l5 Rothamsted has co-operaled in the investigation of

Atmospheric Pollution organized by the DePartment of Scientific
and Iridustrial Research. Certain inalyses oi the rain and of the
dust deposits are reSularly made, and some oI the results have now
been sumrnarised, (1) For the second year in succe;sion our deposition
gauge collected the smallest total solids out of the 98 gauges in use

ihro-ughout the country. The total for the period April lst, 1934,

to March 3lst, 1935, was made up as follons: 
lia per cwt. per
hettare acre

Itrsoluble trIatter

Soluble ]Iatter

I-oss oD Ignition . . 59.,1
88.1

o.473
0.702

I-oss otr IgnitioD ..
9t.r

0.748
o.i25

'fotai :l 6llJ

The total deposit for the present vear is the lowest sinc
192!26 when a total of 307.5-kg per hectare (2.45 ctt. per acre)
was collected. The average total ior the last ten years is tl0l'l Ig
per hectare (3.20 cwt. per acre) and the highest, recorded in 1929-30,
iva-s 50?.4 k!. per hectare (4.O4 cwt. per acre). The well-known
positive correlation between rainfall and deposition of soluble
hatter is clearly apparent, and in consequence of this no secular
change either for Eetter or worse is detectable with certainty
over this priod.

The average montNy deposit was greater during the summer
than the winter, This is a regular feature of our records, but it is
particutarly interesting this year, because raiafall had the opposite
distribution' -T#tto ffi"i"
A-r"r*" lr-Ioothlt n";"r.rr. -r* - 

-. 

{J st -
Averaie Monthli Depo-itron. K8/hectare - - .. 31.8 23.4

rll B H Wilsdon.--' Reulrs oI . sratislic{ .r^-i".!i@ of lu,ds ol d.pcit gau€!.."
Au;idii to DcDt. s.i. Iod R6., TEDty-tiEt RcrFrt oo ObgwatioG ia thc Yd @dcal tLt
X.rcb, 1036.
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The recent analysis undertaken by B. H. Wilsdon shows that in
London the rate of dep,osition of soluble matter is less in summer
than in winter. This may be partly due to a lower rate of production :
but ta-ken irr conjunction with the Rothamsted results, mayindicate
that summer conditions favour the transport of this lraction into
the surrounding country. The seasonal distribution indicates that
Iittle of what we collect originates in the domestic fires of the
neighbourhood, which are much more active in winter.

The fact that only 27 per cent. ofthe deposit at Rothamsted is non-
combustible and insoluble in water shows that very little can be
ascribed to dust from neighbourilg fields and roads. Most of it
comes from other sources.

At some of the other centres much higher values were obtained ;
near the Liverpool Docks, {or instance, the atmospheric deposit
amounts to aknost one ton Per acre per annum as against our 2+
cwt. Here also, as at Rothamsted, about hall the soluble material
and about one-third of the insoluble material is combustible: the
difference in the amounts of these deposits appears to be much
greater than the difference in their comlnsition.

FARM HUSBA\DRY INVESTIGATIONS

The investigations outlined above necessitate a considerable
amount of field work which is carried out on the farm but this does
not occupy anlthing like the rvhole of the land available. The
classical fields are of course given up to their own crops, but all the
newer experiments are made on the non-classical fields. Only
certain areas, however, are suitable and the land available in anv
year is further restricted bv the u holesome rule. to which we adhere
closely, that an area of land once used for an experiment should not
come again into experiment until after the lapse of three l,'ears.
There is thus a considerable area of land to be farmed on ordinarv
commercial lines, besides numbers of live-stock needed for the
consumption of the farm produce or for the testing of the value of
the various fodder crops. Numerous opportunities arise Ior car4ring
out farm husbandrv investiBations by the farm manager and the
Iarm recorder acting in conjunction with other members of the staff.
These investigations are not connected with the main programme,
but they are in all cases oI considerable agricultural importance.
Those at present in hand are set out belo*'.

l. A comparison of electrical power with the tractor or stationary
oil engine for the performance of work about the farm buildings.

This is being done under the aegis of the Roval Agricultural
Society and it consists in finding the equivalence betwe€n units of
electricitl' and gallons of paraffin Ior the various operations, account
being taken of such details as starting and stopping. The results
are exprcssed in terms of power consumed per ton of material
threshed, ground, etc. In all cases the work is to be done in the
ordinary farm rvay using ordinary farm labour; the results are
to show what happens on good but ordinary farm conditions. They
were discussed at a Conference held at Rothamsted in February,
1936, the report of which is now issued (p. f3).
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2. The Production of Lamb- A breeding flock of 200 " HaIf-bred "
ewes is maintained for ordinary farm use, and on this experiments
are made :

(a) to test the effects of flushi-ng;
(0) to compare four-teated ewes with two-teated ewes as

mothers ;
(c) to discover whether it is really necessary to import con-

tinuously new stock from the North or whether the breeding
ewes can be produced here ;

(d) to study the advantages and disadvantages of breeding
Irom ewes in their first l-ear.

3. The Production oI bacon. Some 20 breeding sows are kept
and the progeny sold mostly Ior bacon.

Among the problems studied have been :

(a) the relative values of wet ard dry feeding; of restricted
and unlimited feeding ;

(6) the value of green food;
(c) the effect of the state of division of the food ;
(d) the effect of exercising the animals on the quality of bacon

they yield.

THE DISSEMINATTON OF THE RESULTS

This is one of the most difficult problems in connection with
research work and it has no simple solution.

Several methods are adopted at Rothamsted :

I. The scientific papers are published in the appropriate journals
and periodically collected as Volumes of Memoirs. At suitable times
a monograph is published in which the various scattered papers
dealing with a particular subject are combired and the necessary
connecting and rounding-o{f experiments are made so as to give a
coherent account of its present position. Seven oI these have already
been published deali-ng with Soil Fertility (the Director) ; Physical
Properties of the Soil (Dr. Keen) ; Soil Micro-organisms (a jointProperties of the Soil (Dr. Keen) ; Soil Micro-organisms (a joint
production) ; Exp€riments on Grassland (Dr. Brenchle5r) ; British
.A.phides (Dr. Davidson) ; Soil Microbiology (Mr. Cutler and Miss.A.phides (Dr. Davidson) ; Soil Microbiology (Mr. Cutler and Miss
Crump) ; the Wobum Field Experiments (the Director, Dr. J. A.
Voelcker, with a Statistical Report by W. G. Cochran). The Direc-Voelcker, with a Statistical Report by W. G. Cochran). The Direc-
tor's trIonograph on Soil Conditions and Plant Growth has passed
throush six editions and a seventh is in DreDaration : it has beenthrough six and a seventh is in preparation; it has been
translated into French, German, Spanish, Russian and Ukrainian
and pirated in China by photographic reproduction, omitting the
name of the publisher but inadvertently including that of the
printer. Other of the Director's books have been translated into
Portuguese, Italian and Armenian and negotiations have been
made for translation into Japanese, Hungarian and other Iang-
uages. Dr. Keen's monograph on the Physical Properties of the
Soil has been translated into Russian and Dr. Brenchley's mono-
graph on grassland into German.

2. The practical and tecbnical information is disseminated in
three ways :

(a) by Con{erences at Rotharnsted at which practical men are
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invited to give their experiences and the Rothamsted staff and
other experts also read pipers. The proceedings are then published
cheaply as booklets.

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

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

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

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

WTNIFRID E. BnrNcrrrY, D.Sc.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

- of Dac$lis 
-glomerata,

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

-Ai 
one

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

- 
atgustiJoliuml occtrred., but in succeeding years it.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1.5 ll
2.5 18.0

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

BARLEY

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

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

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

lSOl W, E. B*ochlrv-" Thc IEIlucDe oI S@e! dd oI lhe ApDlietion ol Lioe @ t!'
a"rUi.i c"6;ii,.-;ii c.* I-""4 uou"g". ' 
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Karc
Few cabbage aphis (Brcaicoryne brcssicae L.\ were Dresent on

on ttus crop on Pastures, bur large numbers of flea_be;tles (phrL
labelo spp-l appeared rowards thi end of August. Howevei, ihe
plants were well developed and no appreciable' damage *., don".

BRUSSELS spRours

^ -T-he firs,t planting was entirely destroyed by wood_piReons.
tabbage aphis was plentiful on some platrts of the second pia-nting,
but a general infestation did not occur,

SUGAR BEET

Pigrny mangold beetle (Atutaria tineazr's Steph,) anrl flea-bee es
were present, but no damage was evident. -

BEANs

. Bumble bees (short+ongurd Bonbus spp.) bit through the base
o{ the bean flowers, one hundred per cent.-being pierced-in this wav
dururg J une. A species of pollen-eating beetle (Melisahes oeneus F -l
entered tbe flower through the hole, laid q{s an"d several larvi
were usually recovered later from each flower. Durhg July the
flowers,w€re,not bitten so frequently. It is thought that "no"dJmage
resulted to the crop.

MeNcorns
The crop of mangolds on Barnfield was destroved by a verv

severe inlestation of prgmy mangold bee e H. F. C." Newtoir
recorded.a gereral attack by this pest on this field during 1934,
but in spite of this the resulting crop was better than the fifiv_th_ree
year average, A survey of all treatments of strips l. 2. 5. 7 and 8
was undertaken on June Ilth. Two samples of soil 12 inches tone bv
3 in_ches Md9 by 3 inches deep were ta_keri at random along t he rjw iir
€ach plot. The ptant was completely exterminated on th; fo[owins
plots: lA,24, lN,2N and 5N, and no beetles at all were found oi
these plots The rema.inhg plots showed great I'ariation in the size
of the plants and the numbers of beetles per sample. Ingeneral, the
plarts were smaller on the A, N and O sirips, aid largei on the AC
and C strips. The concentration o{ the peit conespoided with the
size o{ the plants. Mr. Newton recorded that in 1954 the beetle was
Iairly evenly distributed over the field. He took 100 samples and
these yielded some 500 beetles. This year 50 samples were taken
and these yielded well over 2,000 beetles, the largesl number in one
sarnple being I50. The writer onJy took up his dutiqs on June lst,
and so only the later phases oI the inlestation were studied, The
beetle population, at rhis late stage oI the infestation, was definitely
€reatest on the rape cake area. In lhe rape cake area the population
was highest on plots 7C and 7AC, Iowesf on plots 5C and- 5AC, and
intermediate on the other plots. The seed forlhe 1986 crop has been
tr-eated witb a mixture of phenol and magnesium sulphate in an
effort to combat the pest.
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WoBURN

The farm at Woburn was visited on July l3th, but no serious
insect damage was seen.

FUNGUS AND OTHER DISEASES AT ROTHAMSTED AND
WOBURN, T935

trIenn D. GrvNxr
WHEAT

Three diseases which had not previously been recorded on wheat
in this country were fouad at Rothamsted in 1935.* Of these,
Cercoslorclla herlotrichoides Fron. is considered one of the most
important of the firngi causing foot-rot of wheat in certain parts of
France and o{ the United States and has recently been recorded in
Germarry, Holland and Denmark; GibeJlina cerealis Pass. causes
" white straw " disease in wheat and is found in Italy and has
recently been recorded in Oregon. Ophiobolws herlolrichas (Fr.\
Sacc. occurs in several European countries with other lungi causing
foot-rot in wheat and is generally regarded as a weak parasite of
secondary importance. It has been found on wild grasses, but not
previously on cereals in Great Britain and America.

CercosPorella herfotrichoides Fron. was observed in February,
causing pale lesions with dark borders on the outer sheaths and leaf
bases in Broadbalk and in the adjacent Pennells Piece. Spores were
produced abundantly in a few days in the laboratory on material
coUected in the latter part of Ma.rch, but hardly any were found in
material collected at intervals subsequently. The lesions on sheath
and stem were observed tiil harvest ald were abundant among
plants which had lodged but \Mere also present on many which had
not lodged. The disease was moderate on all Broadbalk plots and
on Pennells Piece and was also recorded in certain othei fields at
Rothamsted.

Wlrite StrawDisease (Gibdlina cerealis Pass. ) was fourd affecting
about twenty scattered plarts on Hoos a.Iternate wheat and fallow
plot. One plant l,?s also found on an adjacent plot of the soil
exhaustion experiment.

OPhioboLns herfotrdch*s (Fr.) Sacc. was found in r\Iarch in
Pennells Piece on wheat stubble which had overwintered in the soil,
but no evidence o{ parasitism was obtained.

Mldew (Erysifho gamiris DC.) was noted in February, and by
the end of April was ulusually plentiful on the nitrogenous manure
and Precision experiments on Great Harpenden field. [n June and
July it was mostly slight or moderate and occasionally plentiful.

Whiteheads (Ta-ke-all) (Ophiobolus grani*is Sacc.). As in many
other districts, this disease rvas unusuallv common at Rotharnsl ed
this year. In Broadbalk it was first noted in March, and by harvest
was moderate on several plots, notably the unmanured and that
which receives only mineral manure. In Hoos exhaustion
experiment, in which marruring has been practically discontinued

. Gllm., Mary D.-" Sode Ne, Britisb R@r.15 ot rugi oD Whe^L C.dbd.ttat Nrkn i*!, Prcn., cib.tti@ @.atis P^s., ant opti*otus k,ior,ch6 (Fr.) s&c.' ir:ns.
Bnr. Myr. Sft..1936, XX, o- 120-12?.
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since 1901, it was parricularlv plentiful on those plots in
which the previous manurial tieafment wou.ld seem li_kelv to
leave the soil most exhausted. It was present but not pleniiful,
on a comrnercial crop trown in rotation on Long Hoos. At
Woburn it was slight on the GCourse rotation and moderate to
plentifuI on limed and unlimed plots of the alternate wheat and
Breen manure experiment on Stackyard, an eve estimation of the
latter suggesting that about 20 to 25 per cent. of the plants were
affected. On Lansome, altenrate wheat and green manure experi-
ment, it was moderate with bad patches, particularlv on the control,
and on the old mustard plots which lielded very poor crops.
_ Loose Smut _(U slilago lzrlici (Pers.)Rostr.) was ven; slight at
Rothamsted and Woburn-

Yellow Rust (Puccinid glumarum (Scim.) Ekriss. and
Henn.) was first noted in February and in March was moderate,
and in some spots plentiful on the Precision wheat on Great
Harpenden field, but in spite of its early appearance it did
not seem more than usually abr:ndant later in the season. It
was slgit to moderate on other wheat crops at Rothamsted,
and rather less common at Woburn.

Brown Rust lPt ccinia triticino Erikss.) was slight and occasion-
arlly moderate in incidence at Rothamsted, and slight at Woburn.

Foot Rot lFusaitm sp.) was occasional at Rotharnsted and
Wobum.

IraI Spot (Seftoia Trilici Desm.) was moderate at the end oI
January, causing leaf lesions in the alternate wheat and fallow crop
on Hoos field and slight or absent in others. In March and April
it varied from slight to moderate on other wheat crops- at
Rothamsted.

OATs
Mildew (Erysirttu grarittis DC.) varied from slight to plentiful,

beirg most abundant where gTowth was most luxuriant at
Rothamsted.

Cro'wr Rust (Puccfuia Lolii Niels.) was slight on the commercial
oats on Hoos field and moderate on the fumigation experiment on
Pastures.

I-eaf Spot (Helmhthosporium Avnae. Eid.) was slight on both
crolx at Rothamsted. In November it was moderate on self-sown
oats on Long Hoos field and was sporing freely. It was also found
at the same time in a new crop o{ oats in the same field.

BARI.EY
Mildew (Erysiflu gromdzr's DC. ) was moderate to plentiful in the

late summer on most of the barley at Rothamsted, and was slight at
Woburn.

Net Blotch (Pyeu>lhua lzras Drechsl.) was only slight at
Rothamsted and was not recorded at Woburn.

Brown Rust (Puccbtia onomqlo Rostr.\ n'as plentiful at Rot-
hamsted in the late summer and was not recorded at Wobum.

I*af Stripe (Heluirlhosforhtm gramdre*m Rabenh.) was slitht
in March on self-so*,n barley, but was not recorded elsewhere.

I-eaf Blotch (R$nrhosforium Secalis (Olud.\, Davis) which had
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not been found in 1933 or 1934, though fairly common in previous
years, appeared this year in March and April on self-sown barley
in a temporary rye grass ley on Hoos field. In the neighbowing
continuous barley experiment the disease was fairly plentiful from
June onwards, and in tie adjacent nitrogenous manure experiment
it was very abundant at the side nearest the temporaqr ley and
slight at the opposite side. There was a distinct srygestion that the
infection of these two crops may have been chiefly due to wind-bome
spores from the self-sown barley in the temporary ley. fn other
barley crops at Rothamsted and on Stackyard at Woburn the
disease was only slight.

Rvr
\ltldew (Erysiphe gramhh DC-)- A trace was noted on dead

lower leaves in July at Rothamsted.
Brown Rust (Puecinia secalina Grove) was very slight in July at

Rothamsted.
I-eaf Blotch lMlmehosporium SacaJrs (Oud.) Davis) was

moderate to plentiful from May to July at Rothamsted. At the end
of July it was found only on dead leaves.

Gnass Prors
Choke (E?ic oe tfihita (Fr.) Tul.) w-as a little less common on

Agrostis than usual and was rare on Dactylis. This was possibly
connected with the Iact that 1935 was a " Iate season " arld the
stromata oI the fungus may not have all been developed- As in
lxevious years, the disease occurred most plentifr.rlly on the more
acid plots, where also Agrostis was most cornmon, EBBs aad larva
ol the diptefon A ion2ria sprcla Meig. werc as usual found on the
fungal stroma.
Crovln

Downy Mi.tdew (Perotoslora Trilolioruzr de Bary) was moderate
in June and July at Woburn.

Rot (Sclcrolbtia TriJoliorum Enkss.) was rather plentiful in the
winter of 1934 and early part of 1935 on Long Hoos &Course rota-
tion and on Pastures field temporary ley. fn both experiments bad
patches were found on every plot. The disease was checked by frost
in February, but patches ir wNch the plants were dead or much
damaged remained poor. The crop in Pastures made a better
recovery than that itr Irng Hoos.

LucrnNr
Downy Mildew (Pelonosfioto TriJolionm de Bary) was slight at

Woburn from May onwards.

BRoAD BEAN
Chocolate Spot, characterised by lesions oI limited area, is now

regarded as &te to Bol4rlis spp., rvhich also causes lesions of url-
limited area of the type previously recognised as Botrytis spp.
Chocolate spot was first observed in the latter part of April on Little
Hoos maruring experiment, and on Great Knott in a commercial
crop. By the end of June it was plentifut on all plots of the manuring
experiment and on the commercial crop, all except the young
leaves being attacked. Bolry&s spp. causing lesions unlimited in area
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va-lgd T lhe manudal experiment from slight to moderate in Dlots
w.nrch_ had received potash in the fertiliser eitber as ootassium
chlonde or in dung, and from moderate to plentifu.l in piots whiclr
nad recerv€d no potash ; potash deficiency tbus appeared to result
rn a detrnlte rncrease in the disease. The fgngal litack increasedtill by lugust Ist it was plentiful on alt piois. The 

"a.fv 
aita.-t

w_ould, _however, be most likely to cause loss in crop. in Great
Knolt the disease was plentiful by rhe beginning of Iuiv. especialiv
on the lower ?€.rts of the plants killing the older-leavis ind possibly
caus_ing considerable reduction in crop.
. Ry:t-(ylonf-ccs Fabaz (Pers.) de dary) was slight on Little Hoos
rn mrd-Juty and plenti{ul in all plots at the beginnine of Ausust.
None nas found on Great Kaott in late Ju.ly.
_ Aschochyla Falae Spe4. was Iound oi the seeds of I he crop from
Little Hoos, ard was fairly common in October on the leaves 6f self_
sown plarts in that field.
Porero

Virus. Mosaic was slight at Rothamsted and Leaf Curl slisht at
Rothamsted and Woburn. Streak \,r,?s moderate at Woburn Tbout
l! per ce"t. oflhe plants being affected on Lansome, and;bo;a
30 per cent. on Butt Furlong.

I-ate btight (Phylophrhota irJestau (Mont.\ de Barv) was fairlv
common at Rothamsted at harvest_

, Early .blight (Altenaia Sotari (E- and. M.) Sorauer, emend.
Jones and Grout) was ptentifuJ at harvest on the green leaves
producirg black patches which produced spores in darn-p chambers.
MeNcoro

kaf Scorch (?physiological) and a Virus Mosaic were moderate
on Long Hoos continuous cultivation experiment in October.
Sucer Brrr

Virus^Mosaic was slight on Long Hoos GCourse rotation experi-
ment in October-

Crown Gall (Baafar tm tumelaciers E.F. Sm. and Townsl was
Iound on two or three roots at Rot}amsted.

Rust (Uromyces Bclae (Perc.) Tul.) was moderate ir October rrn
Little Hoos field.

Lea( Spot (Ramularia beticob\ was found on one Dlant and
(Phylloslida Betae\ occasionallv on Little Hoos field.

^ IeaI Scorch (?phvsiologicai) was moderate on all sugar beet at
Rothamsted-

Hearl-rot, now ascribed to boron deficiency, was fouad fairlv
commonly in certain plots of the " nitrogefl manure. soacing ani
date of sowing " experiment on Little Eoos field. 

'ft'was"more
common on the early than on the late sown plots.

Karc
Down y M ildew (Pez onospola fial a,silica ( Pers. ) Tu l. ) was moderate

on a commercial crop in Fosters field, Rothamsted, a-nd plentiful on
Lansome field, Wobum, in a crop planted in August.
* White Blister (Crslopus cardid.is (Pers.) de Bary) was slight at
Rothamsted at the end of January.
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CARRoT
Violet Root Rot (Helicobasidi*m l*rr$e{rn (TuI.) Pat.) was

found at harvest on a few roots on the exPeriment on Lalsome
Iield.

FARII REPORT, 1935
lY eatlur

The year October, 1934, to September, 1935, was remarkable for
the rvide variations of rainfall from the monthly averages. Very
wet spells alternated with very dry spells throughout the year.
October and November were dry; December had an average of
more than twice the normal rainfall for the month; January arld
IIarch were dry, the latter providing 1.5 inches of rainfall below
normal ; in April the fall was just under 4 inches, twice the normal ;

late May and early Julle were very wet, and the early part of
August very dry; the September rainfall totalled 4.47 inches,
nearlv twice the normal for the month. The total rainfall for the
vear 

-amounl 
ed to 30 inches, 1.48 inches above the average.- 

The winter was abnormally mild, and frosts were almost entirel]'
absent be{ore Christmas. Frosts occurred after Christmas, but
were neither severe nor prolonged. The mean temperatue for the
year was 2"F. above the normal of 48.I"F. In ten of the twelve
months the mean temperature was abve normal, the outstanding
month being December, 1934, with al average of 7oF. above normal.
The onh' lrvq months in which the average was below normal were
Novemb€r, in which month the difference was only 0.1'F., and May,
in which month the severe late frost occurred. On the night of
May l6th, .1935, an unusuaUy late and severe frost was experienced,
9" of frost being recorded.

In spite of the high average temperalure, the lolaI sunshine for
the veai was 19.4 hours below the 42-year average oI I,562.4 hours.
Nini months showed a deficit : the Sreatest increase was provided
by July rvhich, with a total of 280 hours, gave almost 78 hours in
excess of the normal.

W eathar ard. CroPs

The wet December severely interfered with the sugar beet lifting
and prevented arry ploughing. The dry January provided the
oDpoitunitl, to get most oI the Ploughing done, and spring corn-
so*ine wa. mainly carried out in March. The heary rain in May
and -]ine made the grass grow ahead of the stock, and several fields.
besides those originallv shut for hay, were mowrl. The start o[
har,rnaking was dalayed until June 2lst by rain. Condilions during
th6 making, however, were excellent, and in spite oI lhe lateness in
cutting, the hay was oI good quality. Usually ha5'rnaking and
root singling both demand labour at the same time, but this year
all singling was finished by the time the cutting commenced.

Harveit commenced on July 3l-t, 1935, with sprint oats.
Conditions genera.lly were good, thouth a wet spell at the end ol
August delayed the firish of harvest. Stubbles broke up well. The
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wet September prevented dung carting and interrupted the plough-
ing for winter com.

The severe frost on May l6th, t935, damaged the lirst-formed
flowers of the winter beans and the final vield was reduced. The
plants were rather more lorward than ,suil at that date owing to
the warn winter and spring, and the effect ofthe frost was therefore
more se\r€re. No damage was done to other crops. Cold winds
persisted throughout May and retarded all growth. -

The tilth oI the winter corn crops was quite firm in spring,
there being not sufficient frosts to make the ground puffy. -

It was found difficult to prepare a suitable seed bed for the
lpring oats after sugar beet. The grouad was severelv puddled
during the lifting and carting of the beet in December, and there was
lil tle time Ior frost acrion between ploughing and sowing.-The 

I'ear was a favourable one for weeds; charlock, may'weeds
and poppies were especiallv prevalent.

Classicd Exlerimefis
Broadbalk was ploughed twice, once immediately after harvest

and agair shonly before drilling. The plots were drilled on October
23rd, under good conditions. The section fallowed in 1934 showed
up during the year by its more Iuxuriant growth, and every plot on
this section and the 1933 fallow section xas laid at harvest. Of the
other two sections only the dunged plot and the plot receiving the
heaviest dressing of suJphaie of arnmonia were laid. Black Madick
and a species of Lathlmrs were present in rather larger amounts than
usual, especially on certain plots. A few wild oats appeared on the
dunged plots but these s'ere hand-pulled before harvest.

The half-acre lvheat after fallow was badly attacked for the
second successive year by wireworm and wheat bulb fly (Eyl,emyia
coarctala). The plant was consequently thin a-nd the yield low.

The plant of wheat on Agdell was rather thin throughout the
year and the ground became rather weedy. Coltsloot (Tussilago
FarJara) vas especially troublesome on the half which grew beans
in 1934. The wheat ears were severely damaged by house sparrows
during July, and the crop had to be cut and carted belore it
was {ullv ripe.

Hooslield barley plots were driLled with Plumage Archer barley
in six-inch rorvs early in }farch. Good growth was made throughout
the year, and a1l plots stood well at harvest. PIot differences showed
up well this t'ear. The crop rvas cut and carted under ideal conditions.
Threshing took place in January, 1936, and the gain from all plots
was bulked and sold for malting. The nitrogen content expressed
as the percentage of the dry matter was I.57 and the calculated
extmct obtainable from the resulting dry malt was 99.8 I)er cent.
After harvest the stubble was surlace ploughed and was worked br,-
harrows at intervals until the winter ploughing.

Ploughhg of Barnlield commenced on December lst, 1934, but
rvas not Iinished until January l8th, 1935. The field was cultivated
and ridged in sprint and then worked down for the seed bed.
Drilling was done at the end of April but germination was slow and
the rows appeared gappy. A survey of the field showed that alrnost
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every plant was badty aitacked by the Pigmy Maneold Beetle
(Atouaria linearisl. A similar attacl was recordid in ldg4, but did
not destroy the plant. The field was worked as soon as weather
conditions allowed and was resown with a mixture of swedes and
mustard. A dry spetl followed the sowing and only a few isolaled
plants appeared, even the mustard failhg to germinate. The field
remained uncropped for the rest of the season but suftcient cultiva-
tions were tiven to keep down wee&. Thislles soon appeared, but
there was a remarkable absence of annual weeds. The iiin later in
August enabled the annua-l weeds to germinate, the dunged plots
being most thickly populated.

The Park Grass plots were severely harrowed in spring and were
ro[ed- after the application of manures. The hay ivas "made and
carted under good conditions but the yietd appeared rather smaller
than usual. The second cut was made late ii-september, the tmssbeing cut and carted in the green state.

The exhaustion land on Grea.t Hoosfield was sown with Victor
wheat after barley. Initial growth was quite good, but this was not
maintained, the plants later becoming imall and stunted with red
leaf tips. The old mamrrial strips which last received manure in lg0l
Iere again noticeable, and the area was harvested according to the
old plots._ The yield from the two plots which had received ding was
very much gTeater than any other plot.

Modent Lorg-Term E*perime s

Four-Course Rotatiort. A slight change in the cropping was
introduced this year. The seeds inixture, "*trictr 

in past'yea.is was
underso-wn in the barley, was replaced by ryegrass wn-after the
harvesting of the barley and ploughing in of ihe organic m.ulures.
I he-rye_Brass came and grew well during the vear, and the yield was
good. 

-Some trouble ryas experienced in ploirghing the hard-baked
grouad after harvest ready for the seeds. 

-

Limi-ng was also introduced, l0 cwt. per acre o[ ground
agricultural lime being applied after potatoes Ior the barle| crop.'fhe potato crop was generally poor, and the yields low, alihough
they were better than in the past two years.

The wheat was the most backward of any on the farm, and
lppeared quite green on August lst. It ripened quickly, however.
but lnelds were rather low.

Sir-co*rse Rotatiott. The clover brea-k Iailed for the fourth
successive y'ear, in spite of a very heary seeding. A good plant was
established by.."tuAl, but this disappeared ln th6 spring. The
fwrgtts Sdcrotinia triJoli.ot*m was presint but the at&ck-did not
seem severe enough to account for the almost total Iai]lue of the
crop. \ltren t}le seeding of the barley for the 1986 clover crop was
made, the adjacent area was sown wirh seed inoculated witir two
diflerent bacterial strails to see if an1. improvemen t could be
secured by this means-

The break which has in the past been sown with a forage crop
was sown this year with rye alone. In 1934 the forage crop was
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haryested.as a mature rye crop, owing to the scarcity of tares and
beans in this and past years.

Ground agricultural lime is now apptied at lO ct,l,1. Der acre to
each plot twice in the rotation, before barlev and a{tei ootaroesIt is hoped this will increase the length of life o{ the clover'plant .

Three-course Rotalior. (Slrute and Grcen Man*re\- A noticeable
f-e-aJure !!is year was that the ba_rley plots which were manured in
1934 and had rye ploughed in before the barley were lighter in colour
and the plant was smaller. The mean tield oi these o]ots. althorrsh
good (33 cwt. per acre) was rvell belorv ihat of the other tieatmenis-
The depression observed last year from rye ploughed in for beet
wasnot apparent this yea.r. In fact, the beet oloti which had rve
ploughed in gave the highest yield in 1935.

Three-course Rolalion (Cu i1)ah oz). The difficultv found in
preparing,a suitabll clean seed bed for the mangold break a{ter the
rotary and tine cultivation mentioned in the lg54 Report aooeared
again this year. The lg34 wheat stubble quicklv bl:camd'weedv
after harvest, and after the spring cultivatiori thesi weeds took roo'r
again. ]t was impossible to see the rows until the whole area had
been hand-hoed. The two worst weeds were Slender Foxtail
(Al,opaarus agrestis) aN1, Bladder Ca.mpion (silene irllata\. An
autumn cultivation will in future be done on ihe wheat-stubble to
prevent this trouble. The mangold seed was treated with mag.
nesium sulphale and phenol as a pieventative asainst piemvMangoid
Beetle attack. The average yield of approximitelv 20 ion" p". i.r.
was Iowe-r than the lg34 average bufwas due to the sm6thering
action of the weeds in the early stages.

The wheat plant was rather thin and the average yield of ap-
proximately 2l cw"t. per acre was about 2 cvr't. per icri lower thin
in 1934. The.barley ]nelds, however, showed a great improvement
over last year's {igures, this vear's average of approximat;lv B4 cwt
per acre being about 8 cwt.iigher thanin Igli.'

Antt al Exlerirr.eds
The number and area oI plots under annual and long-term

experiments was ircreased again this year. The number oi plots
was875, occupying 18.44 acres. The usual trouble was experienced
in obtaining casual labour for singling roots, and when-this was
obtahed the quality of the work was very poor.

Sugar beet. All beet plots were drilled and singled earlier this
year. AJJ sorving was done before the end of April and singlirrg bv
the middle of Jure. Kleinu-anzleben E. seed wai used on all annuil
experiments though Kii}ln uas retained Ior the rotations. Slight
attacks oI the Pigml trIangold Beetle and Flea Beet Ie were recordid.
The beer in the narrorv spaced rows looked small and yellow late in
summer, and the individual plants rvere very small. The first sourr
beet (mid-March) showed a large numbei oI bolters, the actual
percentage being as high as 18. Thisearly sowing also provided the
highest tonnaSe of roots per acre, a-nd the greatelt weight of sugar
per acre. The sugar content of all beet s'as lower than in 1g34.
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Potatoes. The potato crop looked poor and backward through.
out the year, and on no plot did the haulms meet in the rows. Plot
differences, however, were well marked. Lilting of the crop was
delayed by weather, but all tubers ca-rne up in a clean and sound
condition. The produce of each plot was stored sepaxately in the
clamp so that the effect of the manures on keeping quality could be
determined. Blight was present in small quantities at lilting time.

Brussels s?rolrts- The setting of the pla-nts was delayed for man5,
days b-v- the high winds which prevented the application of manures.
The plarts were set on June 5th and 6th, but were immediately
attacked b1. pigeons. Many plants rvere pulled right out of the
grourd and others $-ere stripped of foliage. The area was patched
in July and the plants watered in. Further damage was done and
replacements were needed up to August. Growth was slow through-
out the season and several further gaps appeared. The tops were
completelv stripped by pigeons in December and the sprouts them-
selves were next attacked, most of them being made unfit for sale.
Only t&o small picJ<ings were made. The germination of weed
seedlings u'as noticeablv smaller on these plots which received soot.

Whaal. The expenment on the time of application of nitrogen to
wheat again yielded no significant result. The average yield of all
plots not recei\,-ing nitrogen was 30.7 cltrt. per acre, and the average
of those receiving nitrogen was 30.6 cwt. per acre. Early in summer
those plots which had received nitrogen could be detected by their
darker foliage and more Iorward gro*'th, but this dilference dis-
appeared before harwest.

Beans. Certain plots furthest Irom the larm buildings were
somev'hat damaged by birds, but on the rest of the area the plarts
grew well. Damage was done to the early flowers by the late frosr,
and this may have aflected some plots more than others. The plots
not receiviDg potash either in durg or in mineral lorm made less
rapid grorvth and formed fewer pods. Bolrytr's disease, though
present generall)', was more severe on the potash-deficient plots.

Teruforury Ley ir preparutiott for lVheat. The seeds on the Pas-
tures field plots looked weil during the spring and yielded a good
first cut. The vetches a-nd mustard sown after the first cut ger-
minated badly and the only plots on which the rows became visible
rvere those which had received the {ull year's faUorv. Even on these
plots the germination of mustard was worse than the tares. The
green crops were resown alter rain late in Augtst, and fair germina-
tion resulted. Once again the germination was best on the plots
s'hich had received the full year's fallow.

Insect Pest Control. Two investigations on the control and eradi-
cation of insect pests were commenced during the year. The piece
of Pastures field where the oat crops failed in 1934 owing to attack
b!' the oat @lworl (Eetelodera sch,achtii) was treated with fumig-
ants, and oats were again sorrr. Drilling rvas late, owing to delay in
obtaining the fumigants. The other pest under investigation was
wireworm. The piece of grassland between Pastures field and
Knott wood was ploughed in late spring, treated with fumigants and
sown with sugar beet. In both experiments the fumigants were
applied ir the plough Iurrows during the ploughing.
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Both crops grew well at the start, but certain plots (C),rnag-
treated) became very stunted later. The stunted oat plots
became thick with may-weed and gave a negligible yield. The beet
on the Cl,rnag-treated plots were small and fanged, the roots spread-
ing almost horizontally a few inches below ground-level. The beet
on the other plots were normal and the roots of good shape. When
both the oat and b€et plots were ploughed up after the removal of
the crop there was a distinct smell of the Iurnigants.

Adco. A new method of preparing the straw for Adco was used
this year. The barley straw used was soaked for a day in a water
tank. After the surplus water had drained off the straw was heaped
in la1,ers, and the Adco porvder was sprinlled on each layer. The
heap was tumed only once during the summer. The quality oJ the
resulting product was much better than that produced by the old
method of sprinkling the straw with water.

Cropling, 1934-35
Pastures Iield was dunged for kale this year. I{ost of the field

rvas dressed in autumn, 1934 and the rest in spring, 1935. The
field was drilled with marrow-stemmed kale early in May. The
plants came fairly well and little trouble was experienced from tlre
flea-beetle. The field became rather weedy, especially on the site of
the 1934 cultivation experiment. The worst v'eeds were may-weed
and iron grass (Polygonuw aviculare). Tbe plant, although patch1,,
was fairly thick and grew ahead of the weeds.

Harwood's Piece, the field taken over in 1934 after the purchase
of the estate, bore its first crop for several yea$. It was fallowed
in 1934 but drilled with Thousand Head Kale early in trIay, 1935.
Growth &'as slow throughout the year and charlock and docks were
plentiftrl. I\Iuch hand and horse labour had to be expended to keep
the field reasonably clean. A small area was dusted r rith copper
sulphate at 20 lb. per acre with quite good results. IIost of the
kale was folded by sheep during the winter, though about l{ acres
of it were sold for human consumption.

In 1934 the winter beans drilled in Great Harpenden Field were
severely damaged by birds, and a very thil and uneven plant
resulted. To minimise this darnage the beans in Great Knott in 1935
were ploughed in, the beans being placed in the bottom of even'
second furrow by an attachment litted to the plough. A rather
heavier seeding than normal was gi1.en to allow for possible damage.
No damage occurred and the crop carne up thick and clear. Two
harrowings rvere the only cultivations given and these were sufrcient
to keep down weeds until the plants met across the rows. The result-
ing crop gave a large bulk of straw which was poorly podded, partly
due to frost killing the flowers and partly to the thickness of plant
in the rows. While in the shooks the beans were worried by pigeons.
The stubble, which was the cleanest that had been obtained for
several years, was grazed by pigs until ploughing.

Fosters was driUed with Plumage Archer barley on two dates,
a{ter folded and cut kale- The plant grew well, but the dung applied
for the kale, and the folding oI sheep, caused much of the crop to be
lodged . The yield was good but much grain was lost during harvesting.
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Great Harpenden field was drilled with Victor wheat after beans.
A top dressing of I cwt. of sulphate of ammonia was given in March
and a smali part of the crop was laid bv a thundeistorm shortlv
before harvest. The crop yielded approximatelv 28 crrt. mr acrd-
The wheat precision plots and the'experimen"l on the'time o{
application of nitrogen .\^/ere also situated here. The area im-
medialely surrounding these plots was drilted with Little Ioss
spring sown wheat. This was 6adlv disturbed bv birds and onjv a
thin plant resulted. Linseed was then drilled am"ons the wheat 6rrt
the mixed crop was again badly da.maged by biids iust before
harvest.

The spring sown }larvellous oats in Long Hoos came wcll desoite
the rather routh tilth. A top dressing of sulphate of ammonia'was
given in March and a good-thick plint resrdted which stood anj
vielded well. The crop was harvesied under ideal condirions.

The plots of the spring oat varietv triat vielded well. the onlv
plot yielding much belot the others 

"was the non-Ceresan treateh" Marvellous " plot. On this plot the planr aplxared later and
remained thinner and more weedy lhroughout the Summer. The
following table gives the _t ields of ihe diffeient varieties :

Variety.
Yield, cwt. per acre.
Grain. StIaw.

33.3 38.8
3t.5 39.O
30.4 39.6
30.0 36.0
29.O 40.6
27.7 4.0.3
23.2 3t.3

The northernmost six acres were undersowa with seeds but these
failed, and after harvest tbree acres were culti\,,ated up and drilled
with rye for spring sheep feed.

Little Hoos was devbted to the annual experiments described
else where.

Pennell's Piece was sown with Danbh Steel l[onarch wheat-
The crop was considerably damaged by sparrows iust before
han€st, and the r,ield was iow

Grassland

The grass was rather late in commencing gro\trth, but was rrcrr.
productive dunlg th9 summer. Ha1,rnaki"ng", although Iate, wa-s
done- under good conditions and yields n'ere giod. Thi'se fields not
cut_{or hay were topped during 

-tbe sum-e.i By mid-August the
lrelds were bare but the grass grerv again rapidly in September.

A cuJtivation and manurial exf.i*eni on the improvement of
the poo-r.grassland in High Field was laid down during spring. The
plots which received the severe harrowina Droduced failds flJwering
.ihoots_ thar did the other plots. The re-mainder of High Field wai
severely harrowed in April and sows were out-wintered there.

All other gTassland was harrowed and roled in spring.
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Litestock
Pr?s. During the tfurd conrract period (-Ian. lst-Dec. BIst. lg35).

385 Cla-ss I bacon pigs were contracfed to b6 delivered to the fictoni.
and ,101 pigs were actually delivered from the two farms. T6"
following table gives the percentage grading returns for the two
farms separately ;

GR.{DING RETURNS

(Yd Con acl)

Total CEd. CEde cmde cBde Crad. UndEr Ov.rdeliverFd A. B. C. D. E. Eei8bt, wegbr.

245

166

lB thd 16 rbao l* rhan18 26 33 92 1l I
ls than ls rhatr24 24 26 22 1l I

A lhijd pig experiment in the individual feeding pens was
started during the surnmer. The main comparison was betweett
coarsely and finely ground barley meal ; the efiect ofexercise on the
grading of the bacon was also investigated, full measuremenls of the
carca-sses _being taken at the factory. The pigs appeared much
more healthy than in either of the two previous experiments.

Cat e
Six Shorthorn heifers caived down outside in the spring and

remained outside with the calves throughout the summer. -Other

black polled calves were bought in so that each heiler reared two
calves for the first period aftei calving. After weaning in sufiurer a
further calf was fostered on and when this was weanid in autumn
the cows ryere dried off and out-wintered cheaply. The cov/s.were
bulled to calve in spring, 1936.

Beef prices remained low throughout the year and even with the
subsidy the cattle were not making' any more thalt last year.

Sheel. The 1935 lamb crop averaged about I?O per cent.,
sixteen sets of triplets being born. The iambs were small ai the com-
mencement of lambing but those born later were stronger. Ewe
losses were rather heavier than usual.

Prices during the year were rather lower than in the previous
y-ear. Those lambs not sold fat off the grass were Iolded on kale
duriry the winter and sold as they becamL ready.

E lectric a} I mt estigati<ms
A brief account of this work is given on page 69.

Build,ings
No major alterations or additions have been made to the

buiJilings, but plans for a new pair of cottages and a new Danish
t-ype piggery bave been prepared and these buildiags will be erected
during the coming year. -

.Tbe Roth@red fi8rlB iocluito lr@y pts trcD the thid pig e+eri@nt.
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Followilg upon the success of the new method o{ preparing
straw for Adco, plars have been drawn up for a new set of buildings
for the mfing and storing of Adco. The plans also incorporate two
cattle feedint boxes so that farmyard manure of known quality
can be prepared for experimental pu4)oses.

Shut Successes

At the Smithfield Club's Fat Stock Show in 1935, we secured
the 6th prize for a bacon pig carcase (160-220 lb. live weight), and
were commended Ior three crossbred {at lambs.

At the Redboume District Annual Ploughing Match the following
awards were gained :

lst Prize. Best turnout (F. Stokes).
ls, ,, Corn drilling (F. Stokes).
znd ,, Best tumout (C. Mepham).
lrd ,, Horse ploughing (F. Stokes and H. Currant).
The Certificate of the National Horse Breeders' Association and

the R.S.P.C.A. Merit Badge were also awarded to F. Stokes.

Inlkmerts
'We now have at our two farms a la.rge collection of modern farm

implements which have either been presented or loaned to us by
maly of the leadint implement manufacturers. They form a source
of great interest to the mary parties of practical farmers who visit
us, and detailed inlormation concerning the quality of their work
ard their suitability to our land is given when required. The firms
who have helped us to make this collection and to whom we are
indebted are as follows :
Allen & Simmonds, Ltd.
J. Alten & Sons.
Bamfords, Ltd.
E- H. Bentall & Co., Ltd.
Blackstone & Co., Ltd.
C,ooch & Sons,
C,ooper, McDougall & Robertson,

Ltd.
Cooper, Pegler & Co., Ltd.
The Cooper-Stewart Entineering

Co., Ltd.
The Dawewave Wleel Co.
Dunlop Rubber Co., Ltd.
Ford Motor Co., Ltd.
R. G. Garvie & Sons.
General Electric Co.

Motor hoe.
Motor scvthe.
Hav maihinerv.
Cate breaker '
Swathe turner.
Potato sorter.
Sheep dipper.

Spraying machinery.

Sheep shearing machine.
Tractor wheels.
Rubber wheels, paving bricks.
Tractor-
Grass seed broadcaster.
Electric motors.

Harrison, McGregor & Co., Ltd. Root pulper, manure distributor.
J. & F. Howard, Ltd. Ploughs, potato digger.
Intemational Harvester Co., Ltd. Tractor, drill, manure distributor.
A. Jack & Sons, Ltd.
L. R. Knapp & Co., Ltd.
R. A. Lister & Co., Ltd.

Root drill and hoe.
Manure and root drill,
Oil engine, sheep shearing

machine.
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Miller Wheels, Ltd.
G. Momo, Ltd.
Parmiter & Sons, Ltd.
Ransomes, Sirns & Jefferies, Ltd.

Ruston, Hornsby, Ltd.
Tarpen Syndicate Co., Ltd.

Transplanters, Ltd.
J. Wallace & Sons, Ltd.
J. Wilder.
W. A. 14'ood & Co., Ltd.

S,alJ
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Tractor wheels.
Motor hoe.
Rake ald harrows.
Ploughs, cultivators, drilts, grass

rej uvenator.
Grain drill, binder.
Portable petrol generating equip

ment.
Robot planter.
Irlalure sower, potato plarter.
Pitch-pole harrows.
Mower, spring tine harows.

H, M. Edginton spent about six months here as a voluntary
worker to help with the livestock experimental work and fietd
observations. F. R. Russell also spent a short time during the winter
helping with general recording and field observations.

METEOROLOGICAL OBSERVATIONS

Meteorological observations have been systematically made at
Rothamsted for many years; these records are being used in the
Statistical Department in interpreting crop records. TIie Station has
co-operated in the Agricultural Meteorological Scheme since its
inauguration by the Ministry of Agriculture in 1926, and possesses all
the equipment required of a CroplVeather Station.

The follorving observations under this scheme are taken daily, at
I a.m. G.M.T. :

Tem?erahtres----{naximum and minimum in screen, minimum
on grass, 4 inches and 8 inches under bare soil, dry and wet bulb
in screen : Rai4all--&inch gauge ; $nshine- uration bt
Campbell-Stokes recorder ; Wealher-Beaufort letters ; Witd-
direction and force ; Visibility: State ol Glourd.

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

The above observations are supplemented by the following
records, for the rse of the Meteorological Office :

Barcmekr atd atlacfud Thermomater ; Solar marimur;
Terrrleratule-l f@t under bare soil ; CLazd-amount, form and
direction; Suttshine-howly values of duration. With the
exception oI the last, all these observations are also taken at
9 a.m. G.M.T.

The following additional observations are also made, to maintain
the continuity of the Rothansted meteorological records :

Teruleralure urder grass at 4 inches, 8 inches, and I foot,
taken at 9 a.m. G.M.T. ; Witrd-Aireclion and force at 3 p.m.
and I p.m., G.ll.T., taken from chart of recordiag anemo-
biagraph ; Rahfa --*lnch gauge taken at 9 am. G.)I.T.
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Radiatiotr.-A Callendar Radiation Recorder (on loan from the
Imperial College of Science) gives a continuous recbrd of the radiant
energy falling on a receiver situated on the roof of the laboratorv.
The records are compared witb those for South Kensincton. and a;e
also used in ptant physiological studies in the Station] R€centlv. a
Gorczl.nski Radiometer for measurhg the radiant energv of"tie
surr has been installed, rurder the -Agricultural Meti'rological
Scheme.

- RainJal.l. atd- Drainage--T'he rain falling on one-thousand.th
of an-acre,is_ collected in the big gauge erectid by Lawes in lg7t.
Samples of the water are analysed in order to ascertain its nutrient
value-

Three drain gauges, each of one-thousandth of an acre in area-
originally installed by Lawes in 1870, and fitted with continuous
recorders in 1926, give the drainage through 20 irches.40 inches.
and 6O inches of uncropped and GdisturEd soil. A continuouslv
recording &inch rain gauge is used in conjunction with these.

- Eaaforatiott.---The amount o{ water that evalnrates in 24 hours
from a porous porcelain candle dipping into a-bottle of water is
measured daily by the loss in teight. This measurement has been
found to give a good general indication of the .,drvine oower,,
of the atmosphere during rainless periods which. beiis io;trolled
Uy yr4,-radiation and humidity, is diftcult to coi:pute from
standard data.

--Alrnos?hctic Polluliat-A gauge for measuring the amount of
solid matter deposited {rom the atmosphere has"been in use for
some years in connection with the scheme of observations arransed
bt the Atmospheric Pollution Research Committee oI the Deoi*-
ment of Scientific and Indirstrial Research. In Februarv. l9i3. a
gauge for measuring atmospheric sulphur dioxide was aiso set uo.
The results are discussed on page 68.
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