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to the Mycologist, IUr. Geoffrey Samuel, who is studving plant
diseaxs caused by soil fungi. Advantage is being taken of our new
position as owners to plan out the land behind the lahoratories for
future development so as to avoid the congestion and inefrciency
that always follows when development proceeds haphazard. A new
\i.ing is to be added so as to relieve the congestion in the older
departments by setting up new biochemical and bacteriological
lahoratories. The James l\Iason bacteriological laboratory erected in
1906 has proved a remarkably fertile source of agricultural and
scientilic discovery, and its success has necessitate-d considerable
enlargement. It is further proposed to extend the farm buildings
and replace t}Ie pres€nt wooden piggeries and stores.---erected in
l92l and 1922 from old Army hutF-by modern brick buildings better
suited for their purpose. Finally, it is intended to lay out the fore-
court in front oI the laboratories in accordance with the very dig-
nified design of Mr. Walter Tapper, R.A. A sundial is being-made
by Sir Charles Vemon Boys. It is expected that these various
developments t'ill cost some {25,000 towards which we hope for
substantial Govemment grants: a considerable sum, however, will
still have to be raised from private donors and others.

THE PRODLTCTIONi OF CROPS
The practical purpose o( the experiments on crop production is to

discovertow crops may be raised in larger quantity-pir acre, at lower
cost, and of better quality. In view of the great variety of conditions
of soil and climate in Great Britain it would be of little use for us
merely to achieve these ends on our own farrn: the work has to be
put on a much wider basis and it resolves itself into a series of
investigations to discover the influence of soil, climate, manuring
and cultivation on the yield, composition and quality of crops.
Thanks to the generoEs collaboration of farmers in all parts of the
country, and to the enlightened co-operation of some of the larger
commercial and atricultual organisations, it has been possible to
repeat t]?ical experiments at a large number oI outsidi centres :
Mr. Garner has been, as before, in charge oI this work. The new
methods of field experiment designed at Rothamsted have proved
exceedingly valuable and have given to the results a degree of trust-
worthiness that would otlrerwise have been quite unatta.inable. The
investfuation of the composition of tie crops grou,n urder these
various conditions has thro\ n a vast amoult of work on Dr. Crovther
and the stalf of the Chemical Department and explains the need
for laboratory extensions. The study of crop quality, how-ever,
necessitates special procedure, as " quality " is an exceedingly elusive
property which can in no case be defined with accuracy. The method
adopted at Rothamsted is to produce a series of samples of known
agricultural history, then submit them to expert buyers or users of
the crop who grade them in classes. Efforts are then made to relate
the grading to the chemical composition.

" Suality " is thus delined as " commercial desirability " : it has
no necessary connection c.ith nutritive value- So far we hal.e lailed
to find any method whereby t}re nutritive value of ttre different
grades of produce can be discovered, short of very elaborate and
exceedingly difrcult feeding tests on human beings which would be
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more appropriately carried out under medical supervision than by us.
For the farmer commercial desirability is the important test: it is
useless for him to produce sometiing the market does not want. In
point of fact the ordinary diet of the Engtishman is so varied that
variations in chemical composition oI the raw materials supplied by
tte Iarmer are probably not very important; attractiveness atrd
.palatability are, however, important, and on these points the expert
buyer can advise.

The crops studied in detail have been barley, wheat, sugar beet
and potatoes. A beginning has been made with grass and fodder
crops: naturally by different methods becaose the feeding test can
be applied to these.

Broadly speaking the results have been that " quality " is deter-
mined primarily by the general soil conditions and is not much
alfected by manuring, while quantity is largely determined by the
manuring. Usually the highest crop obtainable by normal manuring
is of as good qudity as can be obtained on the farm: the scheme of
manuring can ttrerelore be drawn up chiefly uith the view of securing
quantity. The management of the crop, however, affects its quality,
and serious losses may easily occur through avoidable causes.

Wheal. Work on lhe quality of vheat is done in association with
t}te Research Institute of British Flour Millers, St. Albans. Certain
physical properties of dough are so closely allied to the properties of
clay that they are studied in the Physical Department, but the
workers are in constant communication with those at St. Albans.
The effect of manuring on the composition of the gran is not very
marked. It would be impossible to find two more widely dif{erent
treatnents than on the Broadbalk unmanured and tihe Broadbalk
firlly manured plots, yet the Vitamin B content of the wheat grain
was found to be the same for both by Dr. kslie Harris oI tle Dunn
Nutritional Laboratory, Cambridge.

Bafuy. ln March, 1934, the uvestigations on malting barley
which had been carried on siace 1921 under the Research Scheme of
the Institute of Brewing, were transferred to the School of Bio-
chemistry and Brewing of ttre University of Birmingham, where
maltlng and brewing investigations are more appropriatelv made;
this was done in March, 1934. The Director still remains Chairmar
of the Institute's Barley Committee so as to ensure continued close
contact with the work. In October, 1934, a Conference was held at
Rothamsted between the barley growers and the buyers, at which
some 200 samples of malting barley were exhibited and discussed.
1934 was a bad season for nralting barley, in coutradistinction to
1933, when good samples were conmon.

The samples had been graded by exprts, who then explained
to the growers the reasons Ior the grading and the faults which had
detracted from the value of otherwise satislactory samples. Pre-
mature harvesting, faulty stacking, and wrong setting oI the thresbing
machine had been responsible for a certain amount oI low grading.
The Conference served a very useful purpose and will be repeated
in October, 1935.

Sugar Beet. A scheme was inaugurated in 1933 whercby Rothant-
sted carries out fertiliser experiments on commercial sugar beet
farms in association with the Committee on Sugar Be€t Research a.nd
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Education set up by the beet sugar factories and the Ministry of
A8riculture. These experiments were continued in 1934 and it is
hoped to put the work oo to a permanent basis ; if sugar beet is to be
continued as an English crop tl1e yields must be increased, and all
experience shows that tle surest way of doing this is by suitable
cultivation and manuring. Hitherto the advice given to farmers has
been based on Continental recommendations. It by no means
follows, however, tbat a scheme which answers well in Czechoslovakia
or in Holland will also answer in England and in point of fact our
experiments do not in general support the recommendations made
to farmers. Hitherto the experrments have not been sufrciently
numerous to justify us either in condemning the old or in Putting out
new recommendations, but if the co-operatron with the Factory
Committee can be continued we hope to remedy this defect.

The average yield of sugar beet in Englard is only about 9 tons per
acre, 4s shown by the followtng figures :

1521 t925 t9r6 1927 1928 l9r0 1930 lSSl lS32 1933 1934
8.1 7.7 8.6 0.6 i.1 8.7 8.8 ?.1 8.7 9.0 10.re)
This is coasiderably lower than on the Continent. Average yielcls

for the last nirle years (f925-f9$) are in tons per acre :

Holland
Denmark
Ssredetr. .

.. l3.a France.. .. 10.8 Huqary

.. ll.9 Italy .. .. 10.6 Grcat Britai!..

.. lf.g Czechoslovakia 10.0 Fialaod
B€l8rum .. ll.9 Austria
GermaDy .. ll.5 Spah ..
Irelatrd .. ll.2 Polaad

(r) Prcvisi@.l

Rothamsted (r) ..
Woburn(!)
MeaD of outsidc Centr6 . .
Averate ,ot Eaglaad

(r) sp.cing ErFrimerts

Cwt, per acre
Roots, toDs Irer

. . 9.7 Roumada

. . 8.8 Jrlgoslavia . .

.. 8.6 Bulgari.
Turkey

4.2
4.2

0.9
0.3
6.3
4.3

The average leld on our experimental Plots has beeo :
Washed Roots, Sugar,
toas per acre. cwt. per ecre.
1033 1934 lS33 1034

.. 8.6 14.0 2r.0 t7.6

.. 9.2 18.4 32.1 03.8

.. tl.6 13.6 3?.5 17-6

.. 0.0 l0.r 29.6 94.7

Our yields are therefore considerably above the average. None
of these yields, however, except perhaps that at Wobum, is really
satisfactory, and we ought to aim at crops of 18 to 20 tons Per acre
as the usual ttring, and not as the excePtion.

How to secure it is not at all clear. In the 1934 exPeriments 27
different combinations oI artificial fertilisers in dressings ranging up
to l2l clnt. per acre of the complete mixture were tested at l5
different centres, but the results were only small; the effect of
lranures was on the averate :

Meatr yield per acre. Iacrease in sugar in c*'t. Pet acre Ior
WashedRooG. Sugar. | 4 cwt. sulphate I I c!vt. suPer- | 2t cwt. Muriat

tons. .*t. I oI ammoda. I phosphate I of Pota-sh.
ls.4z 47.6 | +8.0 I +0.9 I +0.4

Sulphate oI AmmoDia. SupetpLo6phate: Mudatc oI Pot .h.-0 21O s 0 o ll 2l

acte . .
Tops, toDs per

acte ..
Sugar, per ceot.
Sugar, cwt. pet

Purity pet ccat.

t2.9 13.5

9.6 10.7
t7.9 t7.7

16.0 4?.8
88.9 88.3

r4.0 13.3 r3.4 13.6 r3.4 13.6 r3.a

r2.3 10.7 ro.s ll.0 10.9 r0.0 10.8
17.5 18.0 t1.1 11.1 l?.E lr.t r7.8

49.0 {8.1 17.5 17.2 !16.0 at.4 49.r
88.0 88.4 88.4 88.4 88.4 88.6 88.4
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Of these increases only that given by the sulphate of ammonia is of
much significance. Nitrogenous manure almost always increased the
tops, but it did not increase the roots to the same extent : it depressed
the sugar content and the puritl, of the iuice, but to a less degree.
The gain in roots more than compensated fbe loss in sugar percenlage,
so that a net gain of 3 cwt. per acre of sugar uas obtained on the
average by the use of 4 ctlt. sulphate o{ ammonia. The response
differed at the diflerent centres: at only half of them was it siiinifi-
cant ; it amounted on the average to a gail of only 6 per cent; the
gain is, however, pro{itable, ald the effect is greater ttran in 1933.
The mineral fertilisers were almost iueffective: 6 cwt. per acre of
superphosphate added on the average less than I c*t. sugar per acre :
it gave signilicant increases at one or two centres only, the inqease
amountin8 to rather less thall 3 cwt. sugar per acre. Pota-sh was of no
direct benefit ; indeed, at one centre it appeared to depress the yield
of roots ; it tended slightly to raise the sugar content, especially ivhen
in combination with nitrogen.

It is difficult to understand why the potash and phosphate should
have so little effect, and experiments are made both at Wobum and
at Rothamsted to seek an explanation. It seems improbable that
these fields are the highest possible, and the experiments should
certainly be continued to find some way of inducing'the crop to make
bigger grorth .

It may be that the ordinary way of adding these fertilisers is not
very elfective, and several experiments have been made to test otler
ways of ircorporatint them with the soil: the results, however,
have been quite small; the yields of washed roots were, in tons per
acre :

r93l t033 1933 1933 1934 1034
Woburn ,wobnm 

Rotllam- Rotbam- Woburtr Rotha6-

Usual harrosiDg ,. 11.6,1
Special iDcorporatiotr-. f0.500)
No minerals .. ..

9.41 6.21 6.08 18.24 t4.El
0.01c) d.6rr) 6.96(|} 18.62('| r5.6qr)1.19 18.59

e) siD.r " rotary .ultivator; (')plou!h.d itr ; (.)in subsil.

The incorporation of the minerals has thus been without
effect at Woburn though it appears to have been beneficial
at Rotlamsted. Nevertheless the subsoil plays a very important
part. Experiments at Wobum showed that the sugar beet roots
penetrate deeply into the soil. Apparatus was designed to trace the
movement of the roots: before the se:Ison lizts over thev were at
lca-st five feet down. At centres I'here, during the droulht, there
was much free subsoil water, the yields of tops were higher than t}re
aver€e, the purity of the juice was lower, and there were indications
of a better response to phosphate.

It may be that application of the manures right alongside the
seed wculd be more effective.

Experiments have been started at Rothamsted to test the effest
of various cultivations, e.9., rolling the seed bed on plots receiving
farmyard manure and on those receiving artificials only. Heavy
rolliDg was harmful and reduced tle yield by 9 cwt. w"ashed roots
per acre, but sulphate oI ammonia counteracted the bad effect to
some extent.

Farmyard nunure acted as il iis nitrogen had less than half thc
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cffectiveness of that in sulphate of arnrnonia but as it did not
d€press the sugar percentage its production of sugar was better than
!!at suggested by the yield of roots. Thus in a cbmparison between
l0 tons of dung and 3 cwt. sulphate of ammonia the iesults were :

Approximate qualtity oI oitrogeD i[ Eanu.e, lb. per
acre .,

Meatr incrcase in yield of washed rcots. totrs
Mean increase i[ yield of tops. tons
Meatr ellect oo perEentage oi sugar
Meao iDcrease in sugar ier acre,-c*t.
Meao efJect oa plant trumbers, tbousands

The yield and sugar content of the roots depends uoon the soacinp
but the effect varies witb the season. In I9A3 B,itl'a rathei smaii
crop, lG.inch spacing gave much higher yields and somewhat higher
sugar content than 2Ginch spacing: in IgB4 there was verv li-ttte
difference, but at Rothamsted 2Ginch spacins was somewliat the
better ard at Woburn lsinch spacing: ti:e lg-34 results were:

Mearl Elled of S?aciq: tgtl.
Plaot Numbei, Washed Roots, Suger,

Thousaods per acre. Tons per acre. Cwt. oEr icrc.
Rotham- Woburtr Roth.am: Woburtr Rotbam-' Wobumsted sted sted

20 in. !ow! 32.2 33.4 14.61 l8.gt 1g.Z 63.9
16itr. rows 42.6 12.5 13.68 tg.t7 17.O 66.0
loio. rows 60.0 63.1 t3.8? 12.88 17.t 61.{

It is difficult to understand why itre results in the two vearc
should have been so different: the iwo seasons had a good ddal in
common.

Variations in soil conditions have a very great effect, however,
on the yield of sugar beet : the results on diffeient lields at Rotham-
sted and at Wobum have been in tons per acre:

Rotbamsted
Loag Hoos Pastures
&course. ,ield.

t933 ?.13

Duog. Sulphate of
AmEonia.

150 70
I.20 r.6l
2.08 4.60

-0.06% -o.aay6t.l La+2.1 - r.6

'Wobum Wobum
0-course. ButtFurtoag.

9.15

9.7it 18.45193{ . - 11.08

6.52
Irtlg Hoos

15.36

lotgtocs. Thgyanurial exlrriments on potatoes were continued
at Rothamsted, Wobum, and at outside ceirtres chieflv in the Fen
district: some striking results were obtained. In one series of
cxperiments three levels of manuring with artificial manures were
tested in 27 different combinations: no dung ras used as this is not
generally available on the fen soils. The results werc:

Standard I Sull.,hate of lsuperhosphare I Sulnhate oI.Lrror. I Ammonia | | por.lsh
I cwt.pcra(rc. I cs't. peracre. l.\rt.peracrc.None 2 4 lNoDe 41 9 None tl l

LigH r.atv fcn.
Wissin8totr .. +0.388 8.25 S.o7 L18 6.9S 9.67 9.83 6.0{ 9.s810.88Thorney -. 40.560 6.?9 7.69 9.lO ?.59 7.66 8.26 6.?9 8.13 8.S9
Clay fca.March -. +0.403 7.56 9.0$10.49 7.0O 9.49 to.6s 8.80 8.20 9.89
Little Dowaham +O.2O5 12.89 14.94 t6.(X 11.23 lE.6O 10.6I l4_ 18 14.8i 14.84
Srrr.
Wisbech .. +0.138 5.98 7.tt 7.16 0.49 6.26 6.98 8-68 6.?t 6.t3

(early potatoes) .
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The effect of superphosphate is as marked as that of nitrogen and
the respon:e continues even to the larger dressing. On the light
peaty fen, potash also produces a rnarked increase but on the clay fen
its eifect is less. The early potatoes on the silt soil at Wisbech were
less responsive but still gave definite responses to superphosphate
and sr:.lphate of ammonia.

At one fen centre, Wimblington, March, on a light fen soil, t}te
effect of adding dung wa-s tested. Sulphate of potash gave marked
responses even in the presence of dung ; sulphate of ammonia was less
eflective. The tlressirrg oI 2| cwt. each of sulphate oI ammonia and
sulphate of pota-sh with superphosphate proved nearly as effective
as 8 tons of dung per acre, The iacrea-ses were:

Mea! Efiect.
Sulphate ot ammoDia, 2l ct*-t. 0.66 tons
Sulphate oI potash, 2t c$t. 3-8O ,,
DuEg 8 toEs 5.00 ,,
Staadard erroE .. .. +O.f77

DulgAbleat- DuDgPr€seot.
0.29 0.83
4.93 2.AA

+0.250

The investigations on the quality of potatoes begun in 1929 in
association with Messrs. Lyons have now been translerred almost
entirely to their laboratories, but a few key determinations continue
to be made here so as to facilitate linking up with their work.

MINOR ELEMENTS IN PLANT NUTRITION
The investigatioas on boron are still beiag continued by Dr.

BrencNey and Miss Warir$on,
Manganese is needed by plants, though only in small amounts ;

in its absence they become liable to certain diseases such as grey
speck disease of oats. Chemical examination shows that the deter-
mining soil factor is not the actual amount of manganese Present, but
the proportion that exists in the exchangeable form and ttte tenacity
with which it is held.

Molybdenum salts have been found to caus€ symPtoms that look
very much like those of Virus disease. This observation is being
fotlowed up in the Plant Pathological a.nd Botanical DePartments.
Mr. W. A. Roach at East trfalling has shown that some {ruit kee
stocks can take up molybdenum from the soil and others carnot.

ORGANIC MANURES
ll\ The Usc of Slraw as lllanure.' ' With the iicreasing tendency to break away from fixed rotations
the svstematic return of the straw to the land in the form of farm-
vardinanure is becoming more and more difficult and two altemative
inethods are being compired with farmyard manure at Rothamsted :

in one the straw is rotted artificially before being applied; in the
other it is ploughed direct into the land but artificials are added to
fumish the necersary food for the micro-organisms eflecting the
decomposition. The afiect is then observed in the year o{ aPPlication
and in each oI the four succeeding years. For each manure there are
thus {ive Dlots under each croD in each vear, one of which has received
the manure during the I ear, another ieceived it one year ago, while
others had it two;three, and four years ago. The straw ploughed in
with the appropriate arti{icials proved at least as us€fuIas farmyard

https://creativecommons.org/licenses/by/4.0/

