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Aruble.

th."ical experiments- .. ., 291
Other permanent experiments. ld]
Temporary experiments. -. ll-
Non-experimental, .. .. 68

Petmqne Grass.
Claqsical experiments .. .. 7
Other Grass. .. 165
Used for buildings, roads and

other purposes .. .. 26

Total ,n
. During the past five years under H. G. MiI".'r rr"n"glment there
has been.a.marked improvement in tbe general appeiiance of the
tarm, ard in the condition both of the arable a.nd'the erass laDd.
Although they are onJy four or five years old, tne new furs tietds
have alr,eady attained a high degree oi productiveness, lariely as the
result ol proper grazing and feeding of meal or cake.
., The great glpansion in the fieli experimental work is shown by
the growth ll-the number of plots ; they were as follows:

l9ll_r2. rc2]-22. - l93l-32.
_ 2il 638 1,408
Iu addition there are considerable numbers at lVobun and at the

outside centres.

STATISTICAL CONTROL OT TTiE EXPERIMENTS
Dulng ils fourteen years of existence t-he Statistical DeDartment

under Dr. R. A. Fishei has had as its chief fiurction the'eivine of
assistance to otler departments in the design of expe.imenti and'ttre
interpretation of results. Its influence hai not oniy permeated the
wiole Institution, but has spread far beyond, so'th;t a ;st;t
stream of workers from other institutioni come here to studv the
methods and to seek advice about applying them to their probiems.

It is perhaps in tle field wort fliit ihe'influence of thi Deoart_
ment has been most profoundly felt. Three diffculties had alwavs
teen serio 1s atrd apparently insuperable: ttre irregularities of tf,e
Iand on which the experimental plots were set -out; the laree
experimental error attaching to the results; and the fact that t[e
maSnitude of the error was r:nknown. Dr. Fisher has been able to
devise experimental methods which are free from these difficulties
and yet are practicable; and these methods are now us€d not onlv
in all the new work at Rothamsted and at Woburn. but in a tareir
number of other field investigations at home and overseas. Selrei.l
rmportant agricultural cotleges and departments now include courses
on statistical methods.

Contrary to the earlier belief, it is found that a comolex exrrri_
ment involving a number of questions, gives better.i,rtts thio.
smgle. exlxriment Pyolving one question only : a modern field
expenment may tnclude 80, 100 or even more ploG. Much theoretical
work has bad to be done on the principles of elperimental desien and
on the srtnlfrcance of results, as well as on such deta.ils as ttre orooer
procedure to be adopted rvhen, as occasionally happens, 6ne^or
more plots in a large set is for some reason spoil&.
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Considerable work has been done in tracing relations between
croo data and weather conditions. The results are of treat scientrtlc

intirest and of considerable potential value, for they oPen up.the

-".iUititv of forecasting yielil and quatity of croP some long time

before thi crop is ready for harvesting.

THE MANURING OF CROPS

The new complex field experiments are more laborious and

.o.tir1o i.t* *it tlran the old ones, but they give more. precise

infoination aLout fertilisers. Much of this has been embodred m a
;;il;;;-b[rh"a bv the Ministrv of Agriculture' entitled' Artilbial
Fe iliseis. The deirand for information on this subject is so Sreat
that the first edition was rapidly exhausted' and a second edltron has

now been prepared.-- - 
There ii n,i doubt that lamers, by more iudicious use of Jertilisers'

could obtain larger yields without incurring aPPreciably more

expenditure than they do at presenf'

SUGAR BEET

A serious effort is being mad.e to improve -the 
position in regard

to susar beet. The presen[ average yield of about 8'5 tons per acre

i. rrn"necessarilv low. and unless it is improved the rndustry can

hardlv survive. Hitherto it has been impossible to make, adequate

Lvesiieations into tlle manuring and cultivation of suga,r beet ;. tne

fkst stXses of a scheme h4ve now, however, been worked-out lomtly
with th; factorv representatives, and it is hoped that ttus may t'e

Dut on a Dermanent basis.t-"e 
*rlt-- vi"ta oI sugar from sugar beet is l-l| tons per acre' On

the other hand, a usual crop of mangotds (25 tons per acre) coDtarns

2 tons of sugar Per acre, and it is quite easy to P'sh.uP tre yrelo so

as to poduie Sions of sugar per,acre. 
- 
Seeing that the sugar.beet,ts

.oroo."d to be a better source of supply tlar the manSold' rt looKs

as'ii there is still pleoty of scope for improvement . . .

At Dresent, unfortunately, we have no lndrcatron as to wmcn way

tf,"'i-'oior".*t is likely io come. Few trustworthy experiments

have bien made, and the method adopted till recently ol- brn$ng
ioreign experts over to teach our farmers the Continental cultrvatrons
't r.'?"fr ii*it"a value because of the wide dilference between

tl"tirtitJ *a ntititt conditrons straightforward - 
manulial

.*"..iments do not get us very far ; indeed. ilr a nurnber of tests last

veli ttre stanaard &essi-ngs 
-ba-sed on the earlier-guidance dtd not

i,i""" ,"* effective. Sugi beet does not resPond in the same way

lt;;s;id. i; ;r"ure ;-we still have to discover t}re proper way of

;";i-irf the crop so as- to get the best results' 
- 
Some P9in"t: have

"ii""ai:"*"te"al 
Nitroeeno-us manures increase the weight ol leaves'

"-r"f"LUf" 
consideratioi for the stoclsnar, but they do-not corres-

;."d-;li increase the weight of tbe roots, and they decrease- the

Lr."ttiii" of sugar, but inirease the total weiSht per acre Phos-

irhates hive less-effect than one might expect Potasslc lertlrsers
Ii" i*t "if".ti"" 

tlran on mangolds. Salt is beneficial The effect of

i;;ilir;r;; G;iri""o in tiut" l, which includes all tbe experi-

ments mad,e at Rothamsted, Woburn and the outside centres dunng

the seven -vears 192&1932.
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T,\BLE I.-EIIect oI fertilisers oD yield of Sugar Beet : all Cetrtres, l9f6-1932 -

Nutrient
Number oI

Experi- Numbei of Signilicant
Increases. 

i 
Decreases.

Per ce!t. of
Experiments

Itrcreases. I Decreases.

Nitrogea-Roots
Top"
Sugar

12

30

26

I

0
0

t7

62
7t

3

0
0

Potash-Roots . .
Tops ..
sugar o/o

,8
tli
l1

ll
5

I
0
0

39
l9
2l

4
0
0

Phcphate-
Roots
Tops
Sugar o/o ..

rg
t7
l6

3
I
0

0
t)
0

l6
6
0

0
0
0

Tops
Sugar 0/6 . .

I
6
s

5
3
:

0
0
o

55
50
,l

o
0
0

| 
""" "*.IN

I (as si A)

Salt-Roots

Roots (washed) tons per acre +2.3r
-0.56
+6.9

Per cwt.
&o.

(as super)

Per qr4.
Kro

as muriate)

Sdt
(per cwt.

cl)
+0.59
+o.22
+2.6

+0.51
+o.14
+2.0

Suga.r perceotage .. .. I

Total Sugar c\rt. p€r acre .. I

I

All the responses are small, showing that tie factors we at present
control do not play the chief part in determining the crop. This was
well brought out in the Rothamsted experiments ir 1932, one of
which was made in Long Hoos and one in Great Knott {ield; both
yielded almost exactly the same weight of tops, yet the crop in Great
Knott gave nea.rly double the yield of roots obtained in Long Hoos.
The averages Ior all the plots were :

Rothamsted.
Irng Gt. Knott.

ll oburn.

Tops, toBs per acre .. ..
Roots, vrashed, totrs per acre
Roots, per totr oI tops ..
Date of sowing
RespoDse per c*t. Nitrogen

Roots, toDs ..
Tops, tons ..

14.9
7.2
0.48

lIay lfth

-2.0ro.22

14.6
13.5
0.s2

May lgth

1.9?
4.44

6.33
6.08
o.96

IIay lfth 6-l2th

15.8
r l.9

I r.6s

I s.sa

The two fields are not far apart, and Great Knott is not noticeably
better than Long Hoos ; indeed, if there is a diflerence it is rather
the otler way; the same seed was used, and it was sown the same
day in both fielcls; yet the one crop is tJ:e average which we recog-
nise as below what is permanently possible for a successful industry,
ard the other represents a level that would bring a profit both to the
Iarmer and the factory even i{ the subsidy should disappear. An
attack oI wirewom in Long Hoos, necessita"ting late patchiag, ma}'
accormt for much of the difference.

Average respotrse to fertilise$
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At Wobum the results are very similar excepting that the weight
of tops on Stackyard is only 6.3 tons per acre; the two fields are
further apart and the soils differ, but we are unable to say s,hat
should be done to Stackvard to make it give the same yield of sugar
beet as Butt Close.

Wtrere to look for the difference we frankly do not lgrow. Both
experiments included a number of variants, but none caused any
more than minor differences. In I-ong Hoos and in Stackyard the
manurial dressings per acre are the same ; ttrey varied in the different
plots between 0 and 0.6 crft. nitrogen, 0 and 1.0 cllt. Kp and 0 and
0.6 cwt. PrOu: l3 different combinations were tried, but a[ with-
out effect. In Great Knott and in Butt Close the treatment is also
the same; the experiment consists in variations in time oI
applying the nitrogenous and the other manures, and also varia-
tions in the iutensity of cultivation- The nitrogenous manures
were effective in raising yields, but it was immaterial whether the
manures were applied at sowing or three weeks be{orehand, or
whettrer half the nitrogen was kept back till the time of singling,
though in this case the weight of tops suffered. Intensive cultivation

-hoeing every l0 days between the rows-so far from bene-
fiting tle crop, reduced the werght both of roots and o{ leaves, the
roots being reduced 1.2 tons and the tops 2.5 tons per acre. No
more cultivation was needed beyond that required for keeping dowl
the weeds. Clearly some new kind of experiment is needed different
from the old fertiliser trial, and new methods are now being tried at
Rothamsted, which if we can obtain the funds to continue them, will,
we hope, prove more successful.

One cause oI low yields stands out clearly: sugar beet will not
tolerate soil acidity. On acid soils the yields are low, and they are
raised by the use of calcium carbonate. A spectacular increase was
obtained at Tunstall, and one that is perhaps more normal at
St. Albans.

Chalk, Pet a.re.

I too. l2 tons.

Ttistoll-
Roots, toDs Ircr acre
Tops, tons I)er acre
Sugar, per cent. . .

\-o Chalh. cbvk. 
I

\o Phosphate Basic Slae
Super- Super-

S.E,

St. Albons-
Roots, toDs per acre
Tops, tons per acre

5.25
6.34

6.58 6.68 8.94
10.19

0.571
0.61{

In spite of the acidity of ttre soil, basic slag was no better than
superphosphate, and it was much inferior to sup€rphosphate prrc
chalk.

1.82
1.44

18.74

12.61
I1.79
t8.72

tl.71
13.32
18.7S

1.1.30
12.01
18.84
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POTATOES
In the experiments at Rothamsted, Wobum and the outside

centres up to the present good results have commonly been obtained
with a mixtwe corresponding to 1 N: 1.5 PrO5: 2.5 KzO with
increased phosphate where the soil is known to be deficient in this
substance. In the 1932 experiments at tlle outside centres the most
general response was, as usual, to nitrogen. The average increase in
yield given by I cwt. sulphate of ammonia was 0.35 tons potatoes Per
acre, i.e. I ton oI additional potatoes was obtained by an expenditure
of l9/- on sulohate of ammonia. All the soils tested, even t"he fen soils,
.opdnd"d. lilost of tbem responded also to potash; indeed, on the
sandy soil at Stanford nitrogen acted onJy when potash also was
given. The response to phosphate was less general, but it vas well
irarked on theJen soils *hen, indeed, responses were obtained uP to
l0 cwt. super per acre, and nitrogen was more effective when phos-
pbate was applied as well. (Table ll.)

FODDER CROPS

Fodd.er mixtures of oats and vekhes. The results in 1932 coniirm
those of previous years that the nitrogenous manure favourc the
oats and tepresses 

"the vetches. The relations are showr in Fig. I ;

the full details are given on pp. 148-149.

The total nitrogen content oI ttre crop is not appreciably altered
by the application 

-of nitrogen. The total dri/ matter reaches a
nia-.rimum- with a seeding rate of ll0lb. oats and 90Ib. vetches per
acre where no litrogen ii given, and with a mlxtue somewhat richer
in oats when nitrogen is given. The total nitrogen content is a
maximum with a mixture of 50 lb. oats and I5O lb. vetches per acre
irrespective of whether nitrogen is given or not.

Kab- aur experience with kale is very promising. The crop is
hardy, easy to grbw, convenient in use and much liked by stock ;

its leaves 
-are rich in protein, and its yield is easi.ly increased by

nitrogeuous manuring. 
'On 

the light soil it Wobum we have been able
to push the yields uPto 28 tons per acre, and even higher yields may
be 

-possible (Fig. 2); inde€d, kde aPP€ars to be one of th9 r-nosJ

suitable crops for converting cheap fertilisers into animal food.

Thinaing and cultivating beyond what is necessary fo1,\eephg
dovrr weeiis were not only unnecessary, but reduced the yield about
2 tons l)er acre. The results were :

Unthiwtpd Thinned
Number of plants per acre, about 55,000 14,600
Yield, tons per acre :

Ordinary cultivation 27.65 25.18
Intensive cultivation 25.51 23.63

Samples of ih" 
".op -"." 

taken each month from November to
March: analysis showed that the content of nitrogen increased up
to mid-Januiry ; there was no gain in dry matter alter mid-
November, but also there was no loss. After February boih dry
matter and nitrogen fell off as the result of the withering of some of
the leaves. (Tabte IIL)
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TABLE IIL-Yield oI }(ale cut at dilferent tim€s duriog wiater.

PerceDtaSe Composition.

b. I lb..lrb.
1525
1691
1524
1.r38
1460

llid-Dec.
]lid-Jan.

r4-e I

15,0 |

t1.2 |14.3 I

14.? 
I

Ir3
1t9
162
1r0
t30

t3
io

?9

i0
69
80
/_l
6l

l2tt
1336
1286
1229
t2i2

27i
264
234
209
194

Dry MaUe,
Lear-es. I St€ms.

I

fiilrogei 'Leaves, I StemE. Leaves. I Stems.

\ovemb€r
December
January
Febnrar\'
lIarch

;nl
2.7s I

3.34 I

3.26 I,ro 
I

14.3
13.5
I l.s
15.?
15.9

10.8
10.!r
s.9
9.6

I l.l

21.2

21.8
21. r
23.7

1.24
1.22
1.22
t.2a
r.28

'P.r.entaA. iD Dry Yalter.

The Autumn and Spling Grouth of Folage Crops. An experiment
\r'as beguD in l93l to ascertain tlle productivity of certain hardy
crops during autumn, winter, and the following spring. The crops
'were sowr on July 23rd, 1931, the first cut was taken on November
l7th, 1931, the second on I\lay 24th, 1932. Rye grass stood out as
the best crop to make autumr growth, giving 66 ctrt. green weight
per acre as compared with 23 cwt. for the mean of ttre cereals. The
addition of beans and vetches gave a furtler improvemert in yield.
In the spring cuttiag, barley and rye came much closer to rye grass.
In any case the production of these crops was rather $nall, the best
yield in the two cuts being 209 cwt. of green material by rye grass,
beans and vetches, wheat ard oats singly giving only 72 crlt. each.
The addition oI leguminous plants markedly increased tle protein
per acre, the figures being :

Protein, cwt. per acre.

Cereals alone
(First cut)

0.78
Cereals, beans, vetches ,. 9.23
Cereals, trefoil .. .. .. f.32
Cereals, bears, vetches, treloil .. .. 3.10

INOCUI-{TION OF LEGUMINOUS CROPS
The great success attending Dr. Thomton's investigations into

the inoculation of lucerne has caused the Bacteriological Department
to tum its attention to the possibility of inoculating clover to see if a
more rapid and extensive grovth could be obtained, especially on
those soils where it does not thrive naturally- Shains oI the appre
priate organism has been obtaiaed from various loca.lities in America,
Holland, Germany and Sweden and tleir eflects on the host plant
have been studied ; scme are more efficient than others. Some of the
selected strains have been supplied to Prof. Stapledon for use on the
Welsh hills; rcsults are already distinctly promising, and fulJl-
iustify the further search for better strains. The search for a more
eficient strain of the luceme organism is still going on, and it is
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Without Dung. With Dung.

28
x

xo
x

xo
o

.:)

2+

.lvithout DuryO .2 .4 .6 .8 1.0 l-z
With Dung 0 .2 .4 .0 .8

Sulphate of Ammonia Cwt. N per acre.

Fig. 2. Relation of Yield and Nitrogenous Dressing in Kate, Woburn, 1932.

TL. yi.ld oI rh. plols teiuia dutrg (shicb, lile tlE udu.ged plors, @ieed 0, 0-r, 0.t, .dd 0.8 .rt. N
$ Sdlphrt. o( AtroDq) & plotted @ th. auhpdm rhrr th. dus .polied B equild.trr ro 0,3i1 .rr. !(
lEr ..E Thb liguE r.. cho..D ,5 bcira th. @ rhict E6t lady bri.a. the duued .od unduM.d
tidds oD -t9 4. eEe-str.isht lio. o-r ih. sr.ph. Tbc.c[eEtcal-.@lrsF 9l tte duqg s.E . rot l dtloE.n
i!.tdt o{ l.tl cn. N p.. .r s th.r the EsEl& iodiet . ,t/" reil.biliry ol N io th. d'ros.

'tl
.9 L2

8
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encouraged by thc discovery in our laboratory that some cultures
uhich hid bein carried on for a long period without aPParent charge
suddentv broke up into new forms. These are being studied in the
hope oliinding among them strains which are either more efficient in
heilthy soil c6nditions, or more resistant to soil acidity, than the
forms we already possess.

In the laborit6ry, considerable attention has been given to the
nroblem of findhs out whv nitrate oI soda which benefits non-
i"euminrus Dlants:hould be-detrimental to the formation of nodules
ori rhe roots'of leguminous plants. Experiments both at Rotlamsted
and elsewhere ha"ve shoun ihat nitratc of soda in small doses reduces

the size of the nodules and in larger doses reduces their numbers,
and the nroblem is to find out ho\ this happens. Previous work in the
deoartmint has shown how the nodule bacteria get into the roots
of'thc luceme plant from the soil: the first step is that the plant
roots. immediaielv after the formation of the first leaves, excrete
.o-"ibirg thich" apparentlv stimulates the bacteria in the soil
around th"e roots. Neit the bacteria secrete a substaace which causes

the root hair to curl: then at the bend, t'here the cell wall is no$'
weakened, the! make their entr]' lf however. sodium nitrate i'
Dresent ir the ioil, the curling is prevented so that bacteria cannot
lnter. The action of the nitrate is either on the root hair or on the
substance secreted by the bacteria; it is not a direct effect- on the
bacteria because it siops the action of the secretion even after the
bacteria are removed. 

- 
Further investigations on these remarkable

secretions are Proceeding.

THE VALUE OF GRASS AND OTHER FODDER CROPS

One creat difficulty in experiments on grass and fodder crops is
to out a"value on to tle herb-age developing as a result of the treat-

-"ilt. It can, of course, be weighed and analysed, but no figures
vet obtained completelv express its value to the animal Feeding

irp.ri*ents ar" ihe o-nly iafe guide' but these are exceed-1ngl-y

dificutt to carry out properly ; the errors are numerous and dilhcult
to estimate ; iri seneial ii isimpossible to say what degree of signili-
cance attaches to the results.-- 

ettemots are being made to overcome these difficutties by neu'

-"tt oa. 6f experimen"t based on the principles of replication and

randomisation,'and therefore permitting a valid estimate to be made

of the error ol the exPeriment. A pig feeding experiment is.bemg
made to test the valu6 of Sreen food, of dry as compared with wet
food. and the effect of crowding: t}le interest is for the Present -as
much in the method as in the results. A grazing exPenment rs also

il.i"n -.Ae to compare indigenous with commercial strains of
groio ; 

"h""p 
.te usid, tetheretl as in the Aberystwyth experiments'

THE SIX COURSE ROTATION
This rotation is: sugar beet, barley, clover, wheat, 

- Potatoes'
fod.d.er mixture (rye, vetches and beans) ; the purPose-of the exPen-

ment is to test the elfect oI different combinations of nitrogen potash

and Dhosphate on the yield of crops.*'Ti 
n,itfr"*.t"d the yietds in lb32 wcre above those of 1930 and

fSSl.- but tbe effect oi f"ttilit".t was in general less Sulphate of

ammonia benefited potatoes, clover hay and sugar Prcentage ln
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