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REPORT FOR THE YEAR 1929.

The purpose of the Rothamsted work is to discover the
principles underlying the facts of agriculture and to put the know-
iedge thus gained into a form in which it can be used by teachers,
experts and farmers for the upraising of country tife and the
improvement of the standard of farming. This purpose has
remained unchanged during the 87 years of life of the Station, a
steadfastness which experience has amply justified. A programme
drawn up solely to suit a particular set of economic conditions
becomes obsolete t'hen the conditions change and the results may
then be of little use ; but accurate information properly gained and
tested always has value, and with this at his disposal the farmer is
better able to adapt himself to nerv circumstances.

The Rothamsted investigations are concerned mainly with
crop production; the]' include soil management, the use of
feriilisers, plant diseases and the value of the resulting crop. This
last is the most difficult because of its indefiniteness: chemistry is
not yet sumcientl)' advanced to allorv of a rigid description of a
crop, and in consequence the help of the expert user of the crop is
obtained. Thus the rvork on wheat is done in consultation with the
Research Association of British Flour Nlillers' that on barley rvith
the Institute of Brewing, on potatoes with Messrs. Lyons; in each
instance the crop is under close investigation from the time of
sowing right up to its conversion into the frnal form of bread, beer,
boiled, mashed or fried potatoes.

The programme being so rvide has necessarilv a considerable
element of permanence. It is not sumcient to know hol! to get
good results on our own farm: we have to discover tr-rhy some
methods are good and some are not, for onl)' in this form is the
information really useful to farmers r,r,orking under other conditions
of soil and climate. The safest and in the end the quickest method
is to plan the inyestigation so as to give information about the
underlying facts and principles.

It is for the agriculturist to extract from the information thus
obtained whatever is likely to bear on the agricultural problems of
the da1'. The agricultural situation changes somewhat rapidly, but
in essentials it still remains as it was when the Report for 1927-8
was lvritten. Prices of produce are low and costs of production
high: norvhere is farming really prosperous. Science and
engineering have done their work so v/e1l that the food-producing
power of the rvorld exceeds the present demand, and there is no
sign in the market of an1'- of the shortages vhich have frorn time to
time been predicted. Lorl temperature research is leading to
improlemeots io refrigerator transport so that produce can be
traflsported for thousands of miles and kept for mooths, and then
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ofiered to the British housewife in such a way that she can hardly
distinguish it from the fresh produce of a British farm. From all
over the Empire and from great parts of Europe, the United States
and South America, gro['ers are pouring their produce on to the
British market-almost the only one open to them outside their
o\n countr)'-and thel'aim at pouring out still more. Neither they
nor the British consumer get much out of it and the British farmer
definitely loses: on the other hand the organisations that handle
the produce are few in number but verl' efficient and prosperous:
and they are favoured by the circumstance that the average
publicist treats the problem as one of inviolable sentiment and not
as a business proposition. In consequence, the British farmer finds
himself in the difficult and trl ing position that bountiful 1'ears like
1928 and 1929 have invoh,ed him in heavy financial losses. Potatoes
that cost €3 or more per ton to g rorv are rotting in clamps because
there are no buyers elen at Bl per ton, the street harvker of the
old days having almost disappeared. Wheat and barley are
unsaleable at any remuirerative price, and both are being fed on
the farm- The situation of the arable farmers is more difficult than
that of the grass men, aod in consequence there is a marked
tendency to get awa]'from arable farming and take up grass land.

Certain branches of farming are, ho*'ever, in a better position
than the rest: milk production, poultry, fresh meat (lamb, pig
meat and beef) and sugar beet. All these are " sheltered " indus-
tries, to borrow an industrial phrase: and two of them, milk and
sugar beet, haYe the further advantage that they are g rolvn on
contract: tlle farmer knos's before he begins operations what price
he will be paid and he can not onl-,- frame his plans accordingly,
and take full advantage of the results of experiment stations, but
he is saved the time and $'orr)'that s'ould other*'ise be spent on
marketing- There seems little doubt that an extension of the
contract system u'ould be of great value in setting farming up
again. Co.tract prices have meaning onll in relation to agricul-
tural wages, and the trvo rvould need to be fixed together. Further,
any particular price rvould be profitable on some but not on other
land; thus at a basic rvage of 32/- per s'eek there could be consi-
derable production at the follorving contract prices, yet some
farmers would not succeed while others would be doing rvell:-

Mitk
B.ric \15{e, iIl/- per w.ek

l/2 (Summer) ; l/6 (Winter) per gallon
50/- per quarter
401- ,,
50/- per ton
E5

Higher contract prices would justify higher wages, as also
rvould reductions in cost of production and of marketing.

The agricultural t'onditions of Great Britain differ from those
of various other countries in that the)' do not, and for years past
hare not, stimulated the British farmer to increase his yields per
acre. During the writer's visits overseas the question almost
alrvays asked by farmers is, "Can vou tell us how to get more
produce out of our land?" But it is rarely asked here. The desire
to create wealth in the countryside, which rvas a potent factor in
the life of the lgth century, seems less operative now. " I can't

Sugar Beet
Potatoes

\Arheat
Barley
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profitably sell what I grorv now, so what is the use of growing
more?" is the usual comment. The movement for increased vieltt-s
ove-rseas is well illustrated by the following average yields pei acre
of fodder crops :-

Average
during

MaDgolds, toDsperacre Srvedes and tumips, tons per acre

EnglaDd Denmaik England Denmark
S*'edes Tumips

1889 la93
t899-t903
1909-1 913
1923 1927

17..r8
19.54
19.00
19.36

t7 .41
r6.56
20.46
21.58

13.29
I1.83
12.77
12.84

17_79 l5 2t
t?.12 14.4s
18.75 16.00
20.66 17.t2

Instead of seeking information about iocreased yields, farmers
usually ask ho*' to reduce costs of productioo. The most important
problems now in agricultural production are those associated s.ith
grass land, u'inter fodder crops and highlv priced crops such as
su8'ar beet, potato€s and malting barle-v. To these problems, there-
fore, considerable attention is now being paid at Rothamsted.

CH.AN(;E IN THE SYSTEI\I OF IIIANAGENIENT OF THE
ROTHAITSTED FARI\{.

Considerable change has recentlt b€en made in the manage-
ment of the farm as distinct from the experimental plots. lvhen
it was taken over in l9l1 it rvas used to grow cereals, roots and
hay for sale to cow-keepers, from rvhom dung rvas purchased in
exchange- The system suited us very well, it \ras neither costlr
nor laborious to run, and it gale for experiment a considerable arei
of land io sufficientlv low condition for testing the value of
fertilisers, It was therefore continued with some m;dification until
1920. Then came the great fall in prices and it became impossiblv
expensive. A new s)'stem was therefore started s'hich has noi!
been completely installed, Much of the land has been laid do\r.n to
grass: a grass flock of 150 half-bred eu,es (Cher.iot ewe by Border
I-eicestet ram) is kept and crossed with Sufiolk and Himpshire
rams: the lambs mainll miss the early market and are therefore
kept on to be finished oo sheep-feed grown on the arable land. In
addition, 20 Wessex Saddleback sows are kept and mated with a
pure Wessex or a Large White boar: thet li\.e mainly on the
grass, but are brought in for a few weeks before and after farrow-
ing. The pigsare sold for London pork when about 4* to 6 months
old and weighing about 110 to l30lb. alive, or 80 to loolb. dead.
Young cattle are bought in late winter to consume whate\.er food
the sheep and pigs will not require, and thel' are sold in spring as
forward stores, or in early sunlmer as fat cattle, according as 6est
suits prices and food supplies. The ordinarl- arable land is run on
a 6ve course rotation, iich break consisting of l2 acres: fodder
crops : barley : seeds : lvheat : winter oats ; experiments are distri-
buted over them as occasion requires. A new experimental 6eld of
24 acres (I-ong Hoos) has been divided into 6 parts, 5 cropped on
a rotation including wheat, barler, oats, seeds and forage crops,
while the sixth forms an experimental six course ro[ation of
potatoes, wheat. sugar beet, barley, seeds, oats: these areas are
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devoted entirely to experiment: another experimental rotation of
3 acres has been started in Hoos Field.

The division of the land is therefore as follows:-
Prior ro l92l

Aneere. Classical experiments+... .. i"rT
New permanent experiments ... -Other experiments and non-

experimental ... 182i
Gness ... ... 27l-
Roads, buildings, small enclosures ... 27L

. 421.

... 27

... 60

... 123

... 27+

Total 280 280

' Including 7 acres grass.

LAYING DO\\TN OF LAND TO GRASS.

With the laying down of land to grass there came an oPpor-
tunity of rvatching the behaviour of the Plants sown. Several
mixtures were used, including pereonial and italian rye-8 rasses,
cocksfoot, timothy, rough-stalked meadorv-grass and the clovers.
Botanical surveys were made after the plants were established and
again at the end of the drought. The figures at tie end of the first
year are given in Table I. The most striking results are:-

(l) 30 per cent. of the land is still bare in spite of generous
seeding and manuring.

(2) the rye-grasses have increased considerabll',
(3) the clovers, especially wild rvhite clover, have increased

considerably.
(4) cocksfoot, timothy and meadow fescue have become

established, but cover decidedly less ground than corre-
sponds rvith the seed sown.

(5) meadow foxtail and rough-stalked meadorv-grass have
failed to become established-

An investigation has been commenced by Messrs. A. R.
Clapham and F. J- Richards on competition between various
species of grass and clover. Careful growth measurements \t'ere
taken of some of the common Brasres grown singly and io pairs.
Species of large growth habit lower the tillering and growth rate
of species of smaller growth habit; thus italian rye-grass behaved
as an "aggressor" to perennial rye-grass, cocksfoot, timotby
and rough-stalked meadow-grass. .{lthough it pretented these
others from making their full growth, it did not b), itself make its
full growth. lndeed, larger weights per plant rvere obtained rvhen
it was grou,n in admixture with perennial rye-grass and spcially
rvith rough-stalked meadow-grass.

THE IIANURING OF GRASS LAND.
(ll Gtazing Land,. ^fhe difficulties of a grazir.g experiment

rvere described in the last Report: as no satisfactory way round
has yet been discovered we propose keeping tllis method for
demonstration purposes only, restricting its use to cases where the
differences are large. In 1929 the effect of phosphatic manure was
studied by mowing the grass repeatedly during the season and
finding the weight and composition of the cuttings. As in previous
experiments, high solubility proved to b€ of great importance:
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superphosphate gave the best results, follorved by high soluble basic
ilie:' low' soluble slag was less effective and mineral phosphate

stilT less: indeed in noie of our experiments has mineral phosphate
proved efiective. The results are as follows:-

i$;"H: [:"##fl:-i;T Pbo6phoricoritr'rPlo')

Superphosphate. .

High soluble slag
Low soluble slag
G.Isa phosphate

l.l5
0.98
0.96
0.93
0.89

32.7
13.6

-rm
t00
84
80
76
74

100
62
22

a

90
53
l8
1

The figures for yield are to be taken only as showing the ord€r
and not thi precise amounts. The figures for phosp-horus uptake
have more significance: they show that in comparison with the

ohosphate of low solubility, the high soluble fertilisers not onlr'
!at"'-o.e herbage, but more nutritious herbage' containing per
ion more of the phosPhate essential to the animal. This experiment
is being repeated on a more extensive scale in 1930.

(21 Hav ltnd. The slag experiments were continued in
Somi..et on old hay tand and in Norfolk on new hay land: both
are in their fourth year after the dressing and the effect is beginning
to wear ofr,

The yields have been in cwt. of hay per acre :-

Somers.t (Old Gras.s)

Average 3 years, 1926-28..
r929

Norlolk (New Grass)

AveEge 3 yea6, 192&28. .
1929

Betic Slac.

L* Solubre. I Mcdiu6. Ilish Solubr..

26.0
23.5

20.9
20.0

26.5
r0.9

29.8
12.6

367
13.9

SOLUBILITY AND EFFECTIVENESS OF BASIC SLAG-

The erperiments described above form part of an extended
series carried out b-!-' the Rothamsted stafi during the past eight
years, largely under the agis of the Ministry of Agriculture Basic
Slag Committee, to discover the agricultural values of the difrerent
kinds of slag on the market.

There are three types of slag in common use:-
Typ.3.Typ. l. I TyF 2.

Per cetrt. PhoE)horic oxide .. .. 16to l8 8tol7
EquivaleDt to tricalcic phosphate . ' 35 to 39 17.5 to 37

Per ceot. of total pbosPhoric oxide
soluble irr 2% citric aci? . - . . 80 or more 80 or more

Process oI production -. .. Be.asemer 
HOPen

8tol5
17.5 to 33

40 or leas

Open Heartl
wittr additioa
of FluoEpar

23.6 249
22.1
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ln this country the Bessemer process of steel manufacture is not
at present used, and Bessemer slags on the British market are
entirely _of. foreign origin. So far is solubility is concerned, the
slags fall into two g.roups only, few if any simples having solu-
bility betrveen 451" aod ?5!".

. In practically all our experiments the high soluble slag has
gii-en the better results and there is no questiori that it is of gieater
value to the farmer. It acts more quickll.and gives larger inEreases
than the low soluble slag. Recent changes in steet irakine have
lended to increase the output ot this highioluble material, rv-hich is
all to the good: and, further, the manifacturers are now DreDared
to offer slag of less than 45o/o sotubility in the old official citrii acid
test-at. lou'er unit price than tley ask for slag of ?5"/o or higher
solubility.

_ - _ \\'hile the low soluble slags are inferior to those of high solu-
brlrt)'- as a source of phosphate, netertieless they have ialue in
ce_rtain }umid conditions; fortunatelv these occur near the works
where the slags are obtainable cheapiy.

A further result of the investigation has been to shorv the
limits of talue of tie old citric acid test rvhich had fallen into
some disrepute. The grading of the slags into two classes is
armost €ntrret-v sattsfactorv, and the analysis is sufficiently easy
and rapid.

_ 
-The method is not, howe\.er, of a high order of accuracr., andit lails to place slags in their proper order"u.ithin each class: a slag

of 90oi solubility mar.be tesi eilective as a fertiliser rh;;,;;;i
75o/o. Occasionally it appears even to ctass a slag wrongly: it puts
into the low soluble group a new type of slag rvhich i. .-uif ro iu.,"
hrgh ag'ncultural \,alue, and which is now bein€. tested bv the
Rothamsted staff. A method has been worked 

""'. ti:lfr- ft 'C
\\'arren.at Rothamsled (extraction ."ith ."air. "H-ia" ..lrii.rirvhich places the slags rvithin each class more in accordance r,r,ith
therr agricultural value; it is. horvever, less con\-enient than the
crtflc acid method and is better suited to an experimental station
than to aD analt sts' laboratory.

LUCERNE.

'- 
The inoculation process developed in the Bacteriological

Department has prored r.er1. successful: in 1929 the issuE of
culture_s to farmers again exceeded the previous records, and
sumced to sow 1,300 acres. The demand rose atlole our Dower trl
supplv, and accordingly some of the leading biochemical fiims rvere
invited to teoder for the taking over of the business. Arransements
rvere finalh made rvith Messrs. Allen & Hanburr.. of Bethnai Green.landon, E.2, to prepare cultures under Rothimsted tests anJ-i"
lupply them to farmers at the rate of 3/- for one acre of land.
These arrangements have been in force for some -onths and are\orking satisfa_ctorily: the demard has been greater than erer.Dr. Thornton has also devised a method for" transmittine. the
cultures ot'er great distances: cultures sent to Western eus_ta"ti"
arrived in good condition and successfully increased yieids ;i
lucerne there.
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The relationship of the nodule organisms to the plant has been

further studied ; Dr. Thornton has shown that they do not normally
enter the plant until the true leaves begin to form: tien there is
extruded from the root a substance rvhich facilitates or even deter-
mines their entry. The Dature of this substance is not yet deter-
mined, but it does not appear to be made in the leaf. When the
organisms are in the root they irrcrease greatly in number, and they
stimulate the plant cells to multiPly, forming the well-known
nodules. Around the colonl of bacteria a netNork of conducting
vessels develops as an offshoot from the main circulating s)'stem of
the plant, and, this close connection being established, the bacteria
take sugar from tle plant, causing an increase in growth. If the
supply of sugar is cut off b1'keeping the plants in the dark, or by
stopping the development of the conducting vessels (rvhich can be
done by withholding the trace of boron needed for this purpose)
the bacteria turn to the root tissue for food and begin to consume
it : they thus change from being beneficial ioto harmful parasites.
If the supply of air is restricted the bacteria fix less nitroSen' but
they do not become parasitic.

POT.{TOES.

The potato exp€riments uere conducted on much the same
general lines as last year. The fields, however, rvere low, as the
result of the very dry Nlarch and April: the plants Nere not able to
start growing till May.

The increases given br-fertilisers l'ere, in cwt. per acre:-*

Average 1925-28 i
Sulphate oI Ammonia

c$rt. per acre

t"lP"l*i 
" I crvt. per acre o

Average Basal crop
6.62 tons per acre.

t In all years except 1925 larmyard maDure was also aPPUed.
I Io 1928, tbe seithts of rertilisers used were as in 1929.

The increases are thus less than usual, nevertheless they cost less
than 32 per ton. Taking the four years 1925-28, the expenditure
in pence on manure per cwt. of additional crop has been:-

1925-28

49 7l
55 75

15
I

Basal crop 4.52

Sulphate of Ammonia ..

Sulpbate oI Potash . .

.. 1

0
2t
39

l3
t2
l6

2l
12

l5

-12 l5
715 l8
2t62t
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The.results show, as before, that neither sulphate of ammonia nor
sulphate of potash acts best by itself: the gain in croo is small andtie cost is high. The best results are dbtained wien both act
tog'ether: these fertilisers are closely linked- Further, ttre loiai
effect is more than the sum of thi separate enects,'Scwt. oi
sulphate of ammonia increased the yield by 20cwt., ana 2 cwi- oi
sulphate of potash.increa-sed it by l5cwt., brt.uh"n it".rtptraie oi
ammonia and sulphate of potash acted together the increa;d yield
rvas 49cwt. p€r acre: 4_cwt. sulphate of aimmonia alone gave iddi_
tional crop at a cost of 2l pence per cwt., and 4cwt. s-ulphate ofpotash alone at a cost of 39 pence per cwt., but the two iogether
gave it at a cost of l5 pence, while 4cs.t, sulphate of ammoni"a andZcwt. sulphate of potash g.ave it a cost of Ii pence per cwt. As a
rule at Rothamsted our best results are obtained bv'a combination
of 3 or 4crvt. sulphate of ammonia uith about ZJ*i. ."f"f,li" "ipotash: this corresponds to a ratio of 3 or 4N , 5 K"O, ; ;;;;;
amount of potash than is usually provided in 

"o-por.,t iertiti.&..
The effects of the fertilisers are modified b1.the season. The

responses in cwt. per acre to sulphate of ammonia in increasing
dressings in presence of sufficienf sulphate of pot..h, .upe;.;;e
dung have been :-

Iu.Eee fe
Yi.ld lols lctdre
D.r rcr., SulD!.k ol

No NltroB.o. A;rodt
cwt.

Futb.r i,. Fulrh.r i^- Ount[v oru,.* 2nd d@ .rea* 3.d de siutDbrt; or Ba5.lsurpD.r..or surphale of A66oda dEssllg,Aohonia in 6hste crt. Dq a.re.

tg25

1926

1927

1928

1929

? .92

7.79

6.90

7.06

5.r8

24 29

16 -5
35 37

(a)
-9 2 cwt.

(b)
38 lcwt.

(o
2 cr[t.

(c)
llc\rt.

(c)
li cwt.

No durrg.
3 super.
4 Sulpbate

of Potash

Dung,do.do.

., .. aad
2 Sulphate
oI Potash

DuDg,
3 super.
2 Sulphate

of Potash

(a)

(b)
(c)

Basal potash wae 6 cwt. sulphate ol potash.
Treble do6€ was 4 c*t. sulpbate of amBonia.
No experimeflt.

. .ExcepJ in 1927 -and 1929, the average response per cwt.
sulphate of ammonia is of tlre order of 20cwi. potaioes, aJusual in
the earlier experimeots, The second cwt. has'in 

"o-" 
ya"aa dor,a

better than the first.

The response to potash has been more variable, but the bad
years were also 1927 and 1929: in 192? the potatoes were planted
late (May 24th) and 1929 was a drr.and sunny season.
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The responses to sulphate of potashx in presence of sulicient
sulphate of ammonia, super. and dung have been :-

Ya. i;;;

1925i6.45 ?5 7 o 2 c*'1. No dun8,3 super,4 Sulphate ofAmmonia
1926 9.53 32 9 t4 I ,,' Dung do do. do.
1927 7.16 14 -8 - 2 ,, do. do. do. do.
f928 8.26 56 -8 I ,, do. do. SsulphateolAmooDia

rrrris.r4 -r 11 - r ,, p,ly?:,?I"?llBifp::J";ltx[1"t.
. Except 1928 lIben there were very lew plots o$ing to frost damage.
t The 5rd. dos€ was 4 cwt. SulPhate of Potasb

The highest yields in each year and the manurings given rvere:

Yi.ld g:rE! by DGt llEulial tr.aro.trt.

1925
1926
t927
r928
1929

10.96
t2.u
7.96

t1.05
6.82

Manuioa (cet. per a.r.): suIE +
4 sulDhate oI Ammonia: 4 SulDbate of Potash
4 Sulihate of Ammonia 4 Suiibate of Potash
4 Sulphate of AmmoEia : 4 Muriate o{ Pobsh
3 Sulphate of Ammonia: I Sulpbate of Potash
3 Sutphate oJ Amlnolria: I Potash Salts

The three potassic fertilisers, sulphate, muriate and potash
manure salts, all gave similar increases in 1929; the difierences
recorded in 1927 did not appear.

The efiect of phosphate has again been clearly marked, and
again it has depended on the other fertilisers gir-en: superPhosPhate
at the rate of 3 crvt. per acre (0,4 cwt. PoOs) gale the following
increases in cwt. per acre:-

1929

Sulphate oI ammonia :

cwt. per acre .. 1.5

Sulphate of potesh r

cwt. per acre . - 107
I Nil.

l0 13

1928

--T-
1.5 I 3

5
26
l8

5 8 ll
3 l3 t7
5 9 l9

0
I
2

Basa] yields toEs pe! acre .. 4.5 to 5.6 .. 6.1 to 9.7

The superphosphate acted best when combined with the most
effective mixtures of sulphate of ammonia and sulphate of potash.
ln these conditions it gar.e its extra field at an expenditure of :-

1929 1t2a
8 ... 6 pence per c*'t. of potatoes obtained.

The efiect of superphosphate, however, depends very much on
the soil. At'W'oburn, no response vas obtained in 1927 or on the
average in 1929 when fields rvere lorv (4 to 5 tons per acre), but
there was a good response in 1928 rvhen the crop grew better: a
yield of 12.25 tons per acre rvas raised b1' 3cu't. of super to
13.4 tons and by gcwt. to 14.7 tons p€r acre, the gains thus being
23cwt. and 50cwt. respectivel)', at aD expenditure of 7 pence and
9+ pence respectively per cwt. of potatoes obtained.
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-^^_The 1929 experiment was on a more elaborate scale than in
1927, and brought out a curious result: the ."[.pf,r"pf,"i"'i"_
c.reased the crop so long as no nitrogen u.as given,'bui it 

"ip.i..ii,oecreased the crop in, presence of nitrogen and potash.' et tleoutsrde centres the effects of superphosfhate har.e varied. aeain
malnty as the result of soil r.ariations. Thire uas a gain at \iis&ch
of 6.6cwt. potatoes per cwt. of superphospt 

"t" 
,iJ 

"" ""*rli"Iwrth 4 cwt. potatoes per cwt. of super. at Rothamsted. but no;ains
at ttangor, Suttotr Bonington or Owmb1.Clifr.
. .The work this year has been extended to include a full exam_rnatlon ol the lntluence of manuring on the cooking and keeoine.
qualities of the crop. 

-Nearly four hindred ."-pr.r.?"i" 
"*",ii""iby Dr. l-ampitt. of Nlessrs. Lyons' laboratoiies, and the verv

extensrve data are being worked up. Certain results are alread,vemergrng: chrpped potatoes lvere not affected in any uniform o'rdehnrte way either in colour, flar.our or eonsistency. but boiha
potat oes Nere improred by potassic fertilisers in 

""foii Uotf,;i""._srde" and "mashed." Nluriate of potash gal.e t}le best results-
sulphate _came ser.ond, and potash manu.e -salt. tf,irJ,-rr ti#.l
tndeed, the tatter was somewhat harmful. For Ila\our the Dotassicfertilisers came out in the same order, but ""t ih;;;"i;i;;
samples were equal to those grorvn without p"uit, 

".Jif,. "ir,"r.were lnlerior.

-_- 
N-umber ol P.lo.nts pe:_acte. The potatoes are planted l5 iochesapaft ro rows rvhrch are ZZ inches apart. The tota[ possible numberof p.lants per acre is 1b,490- Actuilty the ""-b.r.'i;;;-;;' ;;;;io 1929 at Rothamsted were:-

Number found per acre, no arti6cials ... 14,4g0
,, complete artificials.. 14,g70

Average of.alt plots .. .. l4;E9J
_-totat possrble ... ... ... l5.4go

. T.he1e is thus r.qry little variation in nu-be, -'iti "f"o-rnough the nuihbers \r.ere all less than was expected. At WoLlrrn-
the numbers s.ere smaller orving to depredati"',,llipf,.".r"tr -""

SUGAR BEET.
The. sggal beet ex-periments again emphasised the need fornew varretres better suited to English conditions than those nowgrown. Witi no scheme of manriring i, lt p"iriti" 1o ;;;;;"'ir;impressive yield increases giren bt' mangJld. ;;- ;.";,' ;;;teaves respond but the roots do not, and it is not r.et oossible tocontrol the leaves so as to make them send _ore rn1,".i""1 i.,, tiI.9ot. gne ton_of leaf may gi'e from a few h;r;;;;;;il;;_;;

a.oouE J tons.ot root, but rarel).more. and tie factors ditermiriins
rnrs are not rn our control. Certain consistent features stand outlNotting is gained by the targe dressi.g" "ii;;;;;;;"rr;";iarulncrars sometlmes g.iven on the Continent,* ihe fertiliser mustffir; ;"s"; 

-u".i;;""?i)0;il;;i:ilI""5:.,'f,#oo::*S' 
lfi: fifr,,trE

N..
P"O" 3 c*t. supeq)hosphate

320 lb. sulphate of potalh

I cwt. nitrate ot soda143

54

160

60
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in general be complete; potash and nitrogen are closely linked aod
each acts best in the presence of the other. The nitrogen should
go on early. Potash manure salts are more effective than the
sulphate or the muriate, and salt has a special talue additional to
that of potash. But when it comes to detailed recommendations
the position is more difficult, as fertilisers behave difierently
towards differeot varieties.

Thus, in 1929 at Rothamsted, Kuhn on tlre rvhole did better
than Kleinwanzleb€n, but it responded rather difierently to
fertilisers: it did bctter x'ith sulphate of ammonia (along with salt,
super. and muriate of potash) than with nitrate of soda, while
Kllinrvanzleben did better with nitrate of soda than with sulphate
of ammonia. C1'anamide has given more promising results at the
western than at the eastern centre.

The nitrogenous manures tend to depress the sugar content,
but not by much, and so long as the dressings are not too high the
loss is more than offset by the gain in yield. Salt and Potash
manure salts both slightly increase the sugar content. So long as
additional fertiliser increases the yield of roots it does not, in our
experience, have much effect on the sugar content, and our advice
to farmers is to aim at yield and not worry about sugar. When,
ho$ever, too much nitrogen is giren, the excess that does not
increase the yield low'ers the sugar content. Apart from this,
season has more to do rvith sugar content than manuring.

Owing to the high value of the tops as stock food, they have
to be taken into account in assessing tlre value of fertilisers. l crvt.
nitrate of soda or sulphate of ammonia has not infrequently given
us an extra ton of tops which, as food for sheep, would have not
much less value than a ton of turnips and for cattle more value thau
a ton of man8olds.* They must however be kept free from dirt and
should therefore be raked up in heaps before cartinS of roots
begins, so as to avoid damage by the carts.

Our experiments are not yet sufficiently advanced to indicate
definite fertiliser recipes, and in view of the fact that some varieties
respond better than others to manuring, we are always hoping that
new varieties will be discovered that will respond still better and
will therefore pay for more intensive manuring. For the Present
rve suggest as a basis for trial: 10 tons farmyard manure ploughed
under in autumn, l|cwt. sulphate of ammonia or nitrate of
soda, 2{cwt, sup€rphosphate, 2cwt. potash manure salt, and l cwt.
salt per acre applied at or before the time of seeding. It is
almost certain the mixture tvould need modification in difrerent
regions of difierent soil and climatic conditions: for example, rvhere
the soil is known to be rich the whole dressing could be reduced
and the mixture given at the rate of 4 or 5cwt. only per acre instead
of the Tcwt- here suggested.

The efiect of fertilisers on the yield of roots in 1929 is shown
in the follorving summary of the Rothamsted results in tons per

. The Cambridte wotkers put Iive toDs oI tops as equal to eiSht tons
ol mangolds.
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The complete fertiliser gave the best results and its action s,as
improved by a dressing of salt:-

Su8ar 9/o

NO NITROGEN SULPHATE OF
A}IMONIA

NITRATE OF
SODA

No Potash .. .. Klein
Muriate oJ Potash Xlein

6.42
6.83

6.78
6.44

7.11
7.19

7.41
7.31

7.18
7 .34

6.97

No Potash .. .. Kuhn 7.16
Muriate o, Potash Kuhn 7.00

7.90 l

7.o4 I

Sta)

7-ao I 7-&5 I 7.76
7.so I s.s4 | 8.08

odard Error : 0.193

8.58
8.10

No Salt . .
sdt
Standard E ror ..

7.54
0.055

r8.33
18.40
0.02

5.21 1s.58 |0.033 |

It is very easl'to go wrong about the manuring of sugar beet.
Taking atl our experiments together, there have been man)' occa-
sions rvhen manuring did not pay, when indeed it depressed the
sugar content and sometimes even the yield. The numbers of gains
and losses have been :-

NitroseDous +

Potzssic
Potash Manure

Salts
Phosphatic ..

w.i!h! or R@rs wdcht o, roF. su{rr p.. oot" fffijffiST'

-tB.cg$,pggr*l=I i,EE i,5 I il,5ii s'5"
I

26r 6 o.2si oi o, glrgl rlzo
t7 8 I 15 l0 I t0 6 r0 13

9 I 9 l lM 2 ! !,," | 7 'l o 6 .r o .i

120
130
20
80

t Up to 3 c\It. per acte but oot more.

L'lsing reasonabl, good fertiliser mixtures the gains per cwt.
of fertiliser have been :-

I Srrrph.te of
lAlMdia d Nik r.l! ol soda-

Roots, c$t. . -
Tops, cl*.t. ..
Suga.r, per cent.
Cash IEcrease

.. 6-1 39 3-5

.. 12-17 Nit. 4-10

.. -0.15 + 0.10 + 0.05

.. 7 l- to raF l0/-tor8/- aF1.o,4l-

2

Nil.
Nil.

These figures show the need for improving our tarieties and
methods.

The care of the plant is more important than the manuring:
proper seeding on a good seed-bed and proper care at singling are
absolutely essential. There should not be much loss of plant; in
1929 we obtained about 85-90o/o of rvhat rvas expected from the
setting out, though in 1928 we had obtained only 70/.. The
figures are:-
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Spacin8 as set out

Rothamsted. Wobun.
1928 1929 1029 r lg29 II

24-inch rows. 22-inch rows.. 22-inch rows. 22-inch rcw$
to-in.h f-inch 8 ghch 8-g-inch

singlina. singling. singting. singlioS.

No. of plants
exPected

No. harvested
26,000
t7,715

36,000
30,350

35,000
31,800

35,000
32,7U)

Plants obtaia€d as
p€rcentage oI Nhat
was exPectd 68'" 83:; 889; 94..,.

Yield tons Der acre'^;".i'".?;-' ...: s 15 ? 4s 807
Averase weisht oer

'o"'t trU.t" ' 
. . 1.16 0.55 0.57,ll

8.23

0.56

MANGOLDS.
'l'he Barnfield mangold experiments brins out clearly the

harmful effects of failuie to balance nitrogenous manure with
potash. So long as the complete fertiliser is given the plant grows
well and responds to heavy dressings of manure; rvhen potash is
omitted, horvever, the leaves )ose effciency, they make much less
root and teDd to become diseased, and the whole plant is weakened
so that the mortality is considerable. The plants are grown in rows
261 inches apart: there are on the completely manured plots 

-some
30JOO to 34,000 per acre. But where high nitrogen manuring is not
balanced by potash the number of plants is much less and the roots
are smaller.

This is shos n in the follorving table :-
B a / nlie ld M dngold s, 1924-29.

No. o, plants and yield per acrc Boors and Ledvs.

H..vy NltroeFnou llanunng *ith
Potast

(Plot a A.C.)

H€asy Nitrogroors Maouiog riihout
P.Bh

{Plot s A.C.)

Nc. or R@ts I lxrc
PLars Yi.ld Fracrc Yield pda@

R@ts Laves
Yieldp€ra.re Yieldp.racrc

toDs to.s

192,1 ..
1925 ..
1926 ..
t92?. ..
1928 ..
1929 ..

3328
3201
3035
u23
2974
3075

34.16
22.43
25.7i
13.42

20.67

5.62
6.05
4.t2
3.89
5.01
3.94

2573
2356
r 996
3263

1741

15.8r I

q99 
i

4.83
4.51

3.59
2.83
2.09

8.29
12.79
9.55
4.7 t

' Swedes-

BARLEY.
In 1929 comparisons \\'ere made bet\\'een sulphate of ammonia,

muriate of ammonia, cyanamide and nitrate of soda. Of these,
nitrate of soda gave the largest increase, possibly as the result of
the dry conditions; the others, howerer, came out practically alike.
One cwt. of sulphate of ammonia gave its usual return o[ 6 bushels
of barle.n-', a second cs't. gave an additional 4 bushels. It has been
our usual experience that cy-anamide does as well as sulphate of
ammonia. This -'-ear, in common with muriate of ammonia' it
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was, if anything, rather better, At \^'oburn also, muriate of
ammonia was superior to sulphate of ammonia. For nitrate of
soda the increased yields were ll bushels oI barley for the first
crvt. and an additional 4 bushels for the second.

The figures are :-
Baihy, yi.A oI grain, d,t. Ucr acre.

!io cmn 
""n",.r' 

n1,.,"", f -a;rde {oboDir Sod.

Sitrtle
Double

23.r
25.2

23.6
26.3

256
26.2

.,.5
2.7 it.6 2 2

Itrcrease over no Niirogeo :

lst dose .. 30
Additiotral for 2od dose . . 2.1

I

_ At- Rothamsted in 1929 potassic manures slightty depressed
the yield of barley, as had also happened in 1924: the ehect is most
clearly seen with the double dressing of nitrogen; the figures were
obtained by the sampling rnethod and represdnt, in crvti per acre:

w'rH r)ot Br.E \r'rRo(,,,r r" 
"n..rn,,f,* 

t'"L**,. 
r. r*-nll"* t)l***,.

No Potash . . .. 27.8 21.4 27.6 2i.9
Potash 25.7 25.8 26.1 26.0
Stawlord Etror .. .57 -6:]
lVl l_H SlI..GLE NITROGEIi
No Potash ... -..
Potash
Slantlard, Enor
lVITH \O T..II'ROGE\
No Potash ... ...
Potash
Standard Ertor

24.0 23.3
23.0 23.6

.70

21.7 23.4
23.6 24.6

.78

r9.5 2t.5 lg.t 21.62t.5 20.1 21.6 20.4
1.40 t.57

On the light soil at lvoburn, sulphate of potash markedly in-
creased the vield where there was no nitrogenous fertitiser,- and
somervhat increased it where muriate of ammonia was given, but
not where sulphate of ammonia r+as used I superphosphale had no
effect however.

- On another light soil, the Lincotn Heath at Wellingore, super-
phosphate increased the yield of grain and ot strarv-so iong as
nitrogen was applied. In absence of added nitrogen, it depre"ssed
the yield.

Yield oI barlq,, light loan on Oolitie Lirrrestorre, tye i gore.
G/a;n, cut. iel a.cre.

I No xitroeeo.
No Pbcpbate. I Pho6phate.

l

Ititrosen.
N"Phosphire, Phcnhrt.,

No Potash
Potash ..

No Potash
Potash ..

r8.8
20.7

16.3
I S.l

Stardard Error : 0.89 c*-t.
Strau in cut. ?er acre.

19.5 224
20.6 25.1

t7.9 J 20.8t9.7 | 94.1

18.0
I7.0

16.4
l4.s

Standard Error : 0.59 cwt.

A

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-1-111 pp 17

35

The barley at Woburn was attacked by a common fungus
disease, Ftsorium culntorurn, rvhich did, as usual, a certain amount
of damage. Dr. Mann devised a system of marks to denote the
severity of the attack alld obtair,ed the following results:-

.?'4*i \o PhGphrre. suFrpho6ph.t -

Potash thus reduced the attack of the disease ; phosphate aod
nitrogen did not. This is a usual property of potassic fertilisers.

Effect ol Chloid.es. Pot experiments showed that chlorides
delayed the rate of ripening of the straw, giving a lower percentage
of dry matter than was obtained with sulphates. When the ears
were'ripe for cutting, the stra\ir' of the Plants manured with
chlorides contained 40.9 to 44-5 per cent. of dry matter, while those
manured with sulphates contained 54.3 to 57 per cent. The total
rveight of straw, however, was substantially the same with both
groups of fertilisers.

The Qttolill, ol the Ra ey. The valuers put the barleys in the
following order of merit :-

r. 4Bl- to 44f - per quorter. 
X;:::".Jj 

ammonia both dress-

ll. 4l l- to 421- pet qxartel. Nitrate of soda, sulphate of
ammonia and cyanamide in the
double dressing.

Severity oI attack

III. 35,'- ?er q arter. Nitrate of soda, sulphate o[
ammonia and cyanamide in the
siogle dressing. No nitrogen.

The nitrogeoous manures this season increased the production
of carbohydrates sufhcientlv to maintain the balance with the
nitrogen taken up. In consequence, the percentage of nitrogen in
the grain rvas hardly affected : the results were :-

Nilrog.n Per cent. in Ba ey G"air.

Nltroae!
Sulplate ol Cyatr- {Eiateot Nitrt of UBAEmonia aDide A@oaia Sodi

Single Drcssiog

Double Dlessing

1.4s6 1.480
1.461

1.477 r.470

1.469 t.470

1.485 1.532 r.498

It is slowll'becoming possible to form a mental Picture of the
relationship between gror,th and quality in barley. The total
nitrogen in the plant depends on the amount of nitrate in the soil at
the tlme of sowing and during the following few weeks: the
greater the amount in the soil the Breater the uptake by tie plant.
The different varieties of barley compared by Dr. BishoP took uP
much the same amount of nitrogen, but they produced difierent
amounts of carbohydrate: those tiat produce most give the highest
fields and contaio the lowest per cent. of nitrogen, ?^nd oice !e6a.
For anl given variety, horveter, the total carbohl'drate itl the plant
is not constant, but depends on the other soil conditions, the supply
of potash and phosphate, and the length of the vegetative period.
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Soon alter tie grain begins to form, tlre carbohydrates and the
nitrogen compounds move into it together, and the proportions in
which they go remain almost constant tiroughout the whole
process of grain formation. Not quite constant, however, for
drought seems to check the flow of carbohydrate more than that of
nitrogen, and therefore to raise tlle percentage of nitrogen in the
grarn.

For the maltster one of the most important properties of barley
is the amount of extract obtainable from the malt. Hitherto, this
has been determined by a laborious malting test. Dr. Bishop has
shown that it is simply related to the moisture content, the per-
centage of nitrogen and the 1,000 corn weight of the barley grain:
he has constructed a slide rule bv means of which the chemist
knowing these three easill' ;";;i";;;;;1;;;;;;;; Jil;
once the number of pounds of extract obtainable from a hundred-
rveight of barlev.

A study of the nitrogen compounds during malting has shown
that hordein and glutelio both break down rapidly from the third to
the sixth day on the floor to give salt-soluble compounds, chiefly
non-protein nitrogen. After this there is an approximate balance
due to a resynthesis in the embryo equal in amount to the break-
down in the endosperm. No marked changes take place as a result
of the subsequent kilning process, nor are the proportions much
altered b-r' r ariatior, s (\rithih limits) in the amount of moisture
supplied to the germinating grain, or in the time of flooring.

Calcium Cyananide. Reference to the detailed tables shows
that calcium cyanamide has given as good results as sulphate of
ammonia for barley, and distinctly good results for sugar beet at
the western centre. Both these crops require lime. On the other
haod, in our earlier experiments it did not gile as good results for
potatoes, a crop rvhich do€s not in general benefit br lime. We are
follorving up this distiactioo and it may help in deciding the condi-
tions in uhich the expert could advise the use of cranimide. On
the Continent farmeri are sometimes advised to apply cyanamide
a ferv da-r s after the sorving of the seed whereter it ii impossible to
adopt the ber ter plan of applying it ser eral days before the sowing.
\\'e found no advantage in this course: no harm rvas done when
I or 2 cwt. was sown rvith the seed, though 4 cwt. proved distinctly
injurious.

WINTER WHEAT.
The experiments urith wheat rvere somewhat rveakened by the

circumstance that some of the plants died during winter ana the
survivors rvere too irregularly distributed to form good experi-
mental material. This winter mortalitl, probablv explains the
higher standard errors per plot as compared with those obtained in
experiments on spriog sown cereals (pages 46-?).

The results agreed rvith those of I 92? in that the e5rly 616551n"
of sulphate o[ ammonia was better than the late: ther. thus differeE
from the results of lg26 and 1928. Muriate of ammonia, however,
gave better results late than earl)', again in accordance rvith 1g2?
and in opposition to 1926 and 1928.

In each I'ear Square-Head's X{aster has the highest oitrogen
content, Yeoman II. follows closely: then come Million III. and
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Ssedish Iron- In neither ycar did the nitrogenous dressing appre-
ciabl) affect the percentage of nitrogen in the grain: though the
muriate appeared to give a lower percentage than the sulphate in
Square-Head's \Iaster, as it usually does in barley. Nor did time
of application have any eflect. The results are shown in Table II.

Tabl. II- Perce ag. of Nitrogen in dry narkr of uh.at gain.
Rotharnsred lg28 c/o?.

Squa.e'Head's Master. Ycoman IL
Early .trd Edly.ld

E tv Ilr. lite E.dv Lar. kt
DIBirig Dr6ios Dr6ioe Dcisioa ' DrtatDg DBdog

Sulphate o{
Ammonia

Muriate o{
AmmoD.ia

No NitroSetr

.. 2.00

.. i 1.96

2.01

l 97
2.O2

1.99

2.0t

2.00

1.99

1.99 2.01

2.00 r 2.05
r.98

Sulphate of

lluriate oI

No Nitrogen

l'Iillion III.

l.&t l 85 t.8l

S\r'edish lton.

r.77 1.76 1.89

r.77 1.85 r.84
1.80

t.7s 1.84 1.95
1.83

\ote that tbe ligures Siven on page 32 oI the ly28 RePort are for graitr
cont:rining l5:o moisture and not for dry 8rain, as there stated.

1929 CroP.

I Square-Head's Ma-ster.
E'rtY 'dErlv Lrt. I2t.

Dr.<idE. Dr6sitrg.' DrcssDs.

YeomaD II.
Eally &d

E&lv bt Lal.
Dr6ais. Drs3log. Dt4ing.

Sulphate of

Muriate of
Ammooia

No Nitogeo

r.ze I r.zr

r.ez I r.oz
1.79 I -

.. r.80 t.jg 1.76

. . 1.75 1.76 1.72

. . t.76

I

1.75

,.rn

Itillion IIL Swedish Iroo.

r.6{ | r.41 l t.s8 
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WINTER OATS.

There was a serious loss of plant during the winter and, in
consequence, many weeds appeared in spring' As not infrequently
happens in these circumstances, the efiect of nitrogenous manure
wii to increase the growth of the weeds as lvell as of the crop : in
the end there was an increase in the strav (including the weeds)
but not in the grain, indeed there was evidence that sulphate of
ammonia lowered the yield of grain.
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REL,{TION OF \\'EATHER CONDITIONS TO YIELD OF
1VHEAT AND B.ARLEY.

The Statistical Department is investigating the relationships
between weather and crop vield under different lertiliser treat-
ments. Of the $'eather factors, rainfall is at Rothamsted the most
important in determining total yield, both the amount and distribu-
tion having great effect. For rvheat, winter rainfall is harmful:
for barley it is beneficial at Rothamsted, but not, apparentl]., on the
lighter soils of East Anglia. Spring rainfall, January and February
on_ light soils in East Anglia, and l\Iarch and April on the heavy
soil at Rothamsted, is harmful to barley but not to wheat, Julv
rainfall benefits barle]' but not usualll- lvheat. The efiects, liow-
ever, depend on the manurial treatment, and indeed one of the
practical results of the investigation is to sho$'the kind of treat-
ment that would be most effective in seasons of various characters.

- Up to the time of ripening, temperature is less important so
far as the total growth is concerned, and hours of sunshine still
le_ss. Plant phlsiological Nork in the laboratories has partlt ex-
plained the relatively smalt effect of temperature on the total
gro$'th of the plant: it appears that low temperatures tend to
increase the size of the leaf but to reduce the- amouot of plant
substance each unit area can make, u,'hile the higher temperaiures
tend to reduce the size of the leaf but to iocreise the amount of
plant substance made bv each unit area; as a result of this com-
pensating action the yield varies less than might be expected from
changes in temperature.

The position is altered hoteter as soon as ripenins- bee-ins:
vegetatil-e grorvth then slackens grealll. or entirel\:""r.i.. tlieh
temperature hastens the setting in of this change.'and if it comes
early it may cut short a period of \.ery active giowth. so lorverine
the vield: for example, high temperatures in ltay and June redu&
the vield of harlev-- 

LOSSES FROM ARABLE LAND.
lVeeds. Of all losses of arable crops those due to \r,eeds are

the most s€rious: there is no surer wa\. of reducins vields than bv
allowing weeds to grow. Fallowing-is a recognis-ed method o'f
keeping rveeds down, but it is c:omplicated b1' the fact that weed
seeals can lie in the ground for some time without germinating.
Dr. Brenchley and Miss K. Warington show that mini of the-m
have a period of natural dormarcv during which thev will not
8'erminate even if the conditions are far.ourable. poooi lpaoat,e,
rhoeos) for example has a long dormancv period and'&n survive
for several years, so that it cannot be eliminated even in a rvhole
year fallorv : black bent /,4lopecutus ogrestis ) has a short dormancr:
and can be eradicated bv a short fallow, Comparatively few weed's
Ierminate freely throughout the year, most of th.- io it U.J i"
autumn rather than in spring or summer.

Soil Acidity. The great importance of soil acidity has stimu_
lated chemists to devise methods for measuring it and one of tiese.
the quinhydrone method, has come into geneial use because of its
convenience and simplicity. Dr, Crowthir and Miss Heintze have
found a serious flaw in it that has hitherto not been suspected.
Some soils from the Gold Coast had been sent for a report on their
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suitability for cacao growing: the acidity test was applied and ga!e
results diffcult to understand. Attempts to clear up the mystery
showed that the quinhydrone rvas reducing manganese dioxide
present in the soil, forming manganous hydtate, which neutralised
iome of the soit acid and so upset the measurement. It was then
recalled that many of our own soils contain manganese dioxide :

these were le-examined and showed the same action. The Inter-
national Society of Soil Science has recognised the importance of
this discoYer)- ind has set up a special Committee to re-examine
the European soils rvhich had been lested b).. the quinhydrone
method. Mant of these were found also to contain manganes€
dioxide and, tlerefore, to be subrect to the same error' Experi-
ments are now in hand to [Jet oYer the trouble.

DECOIIPOSITION OF STRAW AND OTHER PLANT
RESI DUES.

tlrtilicial h-arttyttrtl ]lantre. The restriction of the area under
corn in ihis countr) has reduced the output of strarv' rvhile the
increase in number of cattle has tended to increase t}re demand for
it. .{t present, therefore, farmers as a rule have barely sumcie-nt
straw f;r their needs, and the whole of it is coni'erted by the
animals into farmyard manure. Out in the Empire, however, the
case is different and considerable use is being made of the Rotham-
sted process for making straN'and other plant residues into artifi-
cial iarmyard manure without the use of animals merely by
encouraging its decomposition by the micro-organisms already
present.

As we do not wish at Rothamsted to be concerned with busi-
ness operations the process was handed over for commercial ex-
ploitation lo a non-profit making syndicate, Adco. rrhose acti\ ities
irorl cxtend to manl countries. Shipnrents of the necessary material
were nrade in 1929 to Africa, Australia, British Columbia, Borneo,
Egypt, Fiii, trIalaya, Mauritius, Neu'foundland, New Zealand'
Nigiria and \\rest Indies, the last named being - particularly
intirested because of the great value of the process in making a
useful manure for sugar cane plantations out of the " trash. " The
largest increased consumption rvas in Natal; but Kenya-and
Tanganlika also shorved marked increases. The Adco officers
infoim us that the 1929 shipments abroad were 40"/o fJreater than in
1928. While the commercial side is left to Adco, the scientific
problems arising out of the decomposition of the straw are investi-
gated at Rothamsted. The chemistrl of the process is slorvly being
Norked out. The first constituents of the stralv to be decomposed
are the hemicelluloses, then the cellulose goes, excepting in so far
as it is protected by a resistant la.ver of lignin: it is interesting that
c'ellulose, rvhile fairly resistant to chemicals, is easily broken donrn
by certain micro-organisms. These, however, do not appear to
attack the lignin, so that this constituent is left mainly undecom-
posed but not altogether unchanged. The ratio of cellulose plus
hemicelluloses to lignin seems to be the dominant factor in deter-
mining the rate of decomposition of the straw, provided sufficient
available nitrogen be preseot. The xylan associated with the
cellulose is not unar'ailable, but is decomposed only as fast as it is
exposed by removal of the encrusting cellulosic layers. The small
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amount of pectin present io stralv is oot removed during nornral
decomposition, but only if acid conditions set in.

Considerable progress has been made with the study of the
organisms efiecting tie decomposition of tie straw. In the main
they are fungi, including several aspergilli (fumigatu.s, nidulats,
niger, lerreus ),several actinomycetes, a I'tichod.ermaand a thermo-
philic orgarism Sepedonitn: all these act at relatively high
temperatures, the last named has its optimum temf,erature at 45o to
50oC., and it still survives at temperatures exceeding 600C., these
being far above the usual raoge: most organisms have their
optimum at about 22oC. and fait to grow above about 35oC.

These organisms are oot only thermophilic but are strongl!,
thermogenic, and when inoculated on to sterile straN they decom-
pose it so effectilell that the)' rapidly raise the tempeiature to
40oC. or more.

In the soil, howeter, there is a much wider range of possibilitv,
as at least three groups of the soil organisms can decompose cellu-
lose: fungi, including actinomycetes; spirochaetes; and bacteria.
The reaction of the soil determines which of these g.roups pre-
dominates. In acid soils (pH 4 to 5) the fungi and aciinoml.cltes
are most active: at any rate thel multiply most when cellulose is
added to the soil; in less acid conditions (pH 5.5 to 6-5\ Spirochaeta
clto?haga is most active, multiplying most extensively; and in
neutral conditions the short rodlike cellulose-decomposing bacteria
appear to be the chief agents i a number of these have been isolated
and studied by Dr. Kalnins. This change in the cellulose-decom-
posing flora rvith the reaction was observed both in Rotham-
sted and in tropical and in warm temperate soils, and was
independent of soil type- Dr. Jensen found evidence that a portion
of the soil humus rvas formed from fungus m_r'celium, but that only
certain species of soil fungi had the property of yielding humus
when decomposed.

Among the bacteria isolated by Dr. Kalnins is one which has
the interesting property of converting the cellulose into glucose or
a srrgar closely resembling it, a change that may pror.e of great
technical value.

- All these organisms require nitrogenous and phosphatic foods
and thev freely absorb nitrates and phosphates from tire soil, thus
competing with plants. Preliminary experiments at Rothamsted
have shown that unrotted straw ploughed into the ground may
actually reduce -vields of non-leguminous crops: on-\. after the
rotting is vell adr.anced is the efiect benefcial. It is possible that
earlier ploughing in of the strarv might be better and, in view of
the great importance of the subject, Lord Iveagh is providing funds
lor a twenly-)ear -field experiment, in rvhich ordinary faimyard
manure, artificial farml-ard manure and unrotted striw shali be
compared with artificial lertilisers over a rotation rvhich is to be
repeated se\.eral tinres. The chief factor aDpears to be the absoro-
tion of nitrates from the soil bl the cellulose-decomposirig
organisms. f.eguminous crops, which gather their or.,n nitioe.enl
did not suffer, indeed broad beans benefi-red from chaff otouehe? io
and enriched the soil so much that the succeeding wheai als]o bene-
fited. .Apparently the nodule organisms derivi some advantag.e
from the straw, for in pot experiments both soy beans and broad
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beans carrit'd ntore nodules as the result of adding chafi to the soil'
'where there are no nodules, the beans suffered from the addrtron
of strarv, just as a non-leguminous crop would have done'

This rvork is being developed sintultaneously with the study of
the closelv allied subiect of green manuring. The Woburn expert-
ments shLrY that gr;en manuring does not increase the yield.of
croDs as much as;as expected, and tares proved even less effective
thai mustard. 1929 has been the onl) exception: in all other years

the sreen crop. u'hether fed off by sheep or ploughed under' has

faile? to increase thc succeeding croP. One factor is the very small

amount of nitrate and ammonii in the soil; even on the folded land
the alerage contents of nitrate nitrogen in the -top 

soil after..tares
and mustird respet'tirely, s'ere onl-r 1.3 and l'0 parts- per -million'
Additiorr of nitrite ot soda pushed up the l ields considerably'

'Ihe decomposition process is very complex and.cannot be

understood from a study of one section only. Bacteria Play a great
oart. rrhich is not tef, hoserer, fully known. Dr' Thornton's
imo.oved method of counting them sho{'s that they are far more

nu.".or. than sas formerl! supposed. Their numbers are not
constant, but fluctuate rrith amazing rapidity from hour to hour
during the dar'. The fluctuations are not clearly related to tempera-

ture o"r soil mlisture charrges, thev ma)' have something to do with
the method of rcproduct ion o[ the organisms, but this is.not known'
The amount of dccomposition effected b) the bacteria increases

with their numb€rs, but not proportionally: the efficiency of the

individual organisms talls ofl as their numbers increase' The posi-

tion is somerihat altered rvhen amoeba are present: the production
of carbon dioxide is then depressed in media relatively rich in
nitrosen compounds, such as sind cultures containing PePtone' but
it is inc.e"sed in media poor in nitrogen and containing glucose or
soil extract.

Perhaps the most striking discovery in the trlicrobiolo-gical
DeDartment this \ear has bein that of a group of nitrifying
.r.o'anis-s oroducing nitrites from tarious ammonium salts, but
dif;ering completelvlrom the only forms previousll known, Nilro-
so-orii and'Nitrororo"rut, in that they thrive in the presence of
orsanic matter. The] were first lound in the emuent from the
Colrvick sugar beet iactory, where we have been studying- the
problems of1m,r"nt puriGcition: Mr. Cutler has since found them

"ommonlv 
distributed in the soil.

Effl.rient lrom Srgar Beet Faclories. For lhe past three years
the Fermentation and Microbiological Departments have been
studying methods of puriff ing the effiuent from sugar beet factories
s., ai tJre.rder it harmlesi to the rivers into rvhich it is poured' and
their \.ork has been so successful that a 90ro/o purification was
obtained in 1929 in the large scale experiment at the Colwick
factory. This exceeds the required -standard. The -essential
featuri of the method is to pass the emuent over a clinker filter
so that the sugar ma)'oxidise completely before it enters the river'
Nlore time is-needed than for sewage purifcation, hence a finer
grade of clinker is needed. There stitl remains the dimculty that
t'he mud suspended in the rvater may choke the filter before the end
of the campaign, but this, too, can be overcome.

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-1-111 pp 24

42

There is rros no justification for pollution of rivers bl sugar
beet factories: the)'can either set up a purification olant or tiey &n
obviate the difficulty by using theii *ite. oue, und o.... 

"g"in. 
.,

is already done by some processes.

-__ T-: d€tailed reports on tiis work have been presented to the
Water Pollution Research Board of the D.S.I.R.,'and these have
been circulated, for official use only, as Papers No. 36 and 41, under
dates ?2.11.28 and 2l-3.29, respectively. A brief account ot the
lnvestrgatron, supplied by the Department. was oublished in
" The Times " of the 28th October, l-929.

SOIL CULTIVATION.
The investigations on soil cultivation are carried out bv the

stafl ot tie Soil Physics Department. Their underlving ouroose is
to reduce the art of cultivaiion to a science, just is t"he ch'emists
and plant physiologists of the period l80O to i84O reduced the old
art of manuring,to a science and so paved tie way for the introduc-
tion of artificial fenilisers as the result of the Larlr. Rotlamsted
experiments.

The work is der.eloping in three directions: the efiect of cultiva-
tion on the soil, the phvsical properties of the soil, and new methods
of cultivation, are all under investigation.

Methods have been devised for estimating the degree of break_
ing up of the soil, i.e., its comminution, alio for eitimating ihe
surface.. The eff-ect of ploughing in breaking up the soii and
lncreilsrng rts srtrlace is shown by the following results:_

. RELTTIVE SURFACE OF SOIL.
& tore .\ttcr Ordierr Atrer Rorar\Cutrirarion PtouSbing Cutiir.rion'

(o) Soil compact 320 ... L76 ... b3O
(b) Soil looser ... 440 ... 420

Relative sizes of soil particles io (o) : percentage distribution.
I-:rrge ..
llediunr
Small

... 60 ... 45 . 30.. 33 .. 40 .. 55. 7 ... 13 ... 13

Dlnamonlcter measurenrents are taken of the amount of work
done in cultitating the soil, and the records are studied in relation
to the phlsical properties inr.olved. The figures are closelY related
to the "stalic rigidity " of the soil, i.e., t6e energr need;d ro set
flowing a paste made up from the soil. This fras led to some
interesting developments in the study of the plasticitl, of the soil,
and in order to fonvard the work the Rockefeiler Foundation gave
tr{r. Scott Blair a Fellowship, enabling him to soend a l.ear in-the
United States sorking with Prof. Bancroft,'rvho ii studvine.
cognate problems in t}e Cornell l_aboratories.

The erperiments on rotary cultivation rvere continued to seeshetherit ga\e as g_ood a seed-bed as the ordinary processes for
barley afler roots. 

_ 
It proved to be equally etrectivel indeed, for

germrnation and initial growth it was better, and, of course, it was
quicker and cheaper, as it made the seed-bed comolete in one
operation. This result we have had in the preceding tiials, exqspt-
ing where rotary cultivation caused a ,,cap,, to fo"rm on ihe .,iii-
a-nd then its effect rvas not so g.ood. It seims probable, ho,*e.,er,
that this tendencY can be overcome.
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PLANT PATHOLOGY.
Ftngi. In the ilvcological DePartment, the fundamental

physiological and genetical work on fungi is continuing. Strahs
oI-Botryiis cinerea, apparently identicat in structure and cultural re-
actions, differed markedly in pathogenic properties, and, conversely'
strains diffcrent in structure and cultural reactions had similar
pathogenic properties: for example, one strain is parasitic on
Nicandra, oats, sweet pea, arrd harmless to sugar beet, tobacco and
broad beans; while another. indistinguishable in appearance and
culture relations, is harmless to Nicandra and oats, but parasitic
on sweet pea and sugar beet: it is harmless also to tobac'co and
broad beans. Much rvork is needed to clear uP the difficulties of
this complex subject.

The biological relationships of these strains are being studied
in vierv of the fact that t\\'o or more of them frequently grow inter-
mingled on a host plant. Certain things happen when the hyphe
meei, the phenomena differing with the different strains. Numerous
sclerotia of particular strains have been grafted on to sclerotia of
other strains, and in a percentage of cases organic union has
apparently been effected. The sclerotia have then been Serminated
i; ihe attempt to derive from the line of junctioo conidiophores and
single spores containing both parental strains. UP to the Present
all ionidia have given rise to either one or the other parental t]'pe.

!n studf ing wart disease of potatoes, certain new hosts were
discovered: Solanum dulcamara var. Yillosissitmror, and var. albo:
S- nudiflorun; S. I'illosuar: Nicand.ra Phvsalodes: in some of the
host plants the fung'us occurred in the tissues, but sho$ ed little or
no signs of its presence.

Bacteria. The Black -{rm Angutar Leaf sPot disease of cotton
has been closel)' studied. The causal organism. R. nalt'acearum' is
capable of wide variations in shape and size according to its condi-
tions of growth, it has also methods of reproduction quite difierent
from the usual simple vegetatiye dirision. It can eveo change into
an entirely new cultural t1'pe; one of the forms is possiblv identical
with the common yellow saprophyte of cotton : this is ontl slightl;'
virulent, but under certain conditions it appears to be capable of
rer'erting to the normal or even a more virulent tlpe.

In a cytological study of the organism, evidence has been found
of the presence of nuclei rvhich undergo division more or less

simultaneously with the division of the cell bodl'; also the;- divide
during the formation of the coccal forms, and one-half of the
structure passes into the ne$'ly formed bodl'.

The relation of the organism to the Plant is being studied in
special chambers alloN ing of the growth of cotton plants under
controlled conditions. Primary infection from inoculated seed
occurred at all temperatures from 17o to 35oC. (the highest so far
used), but u'as greatest at 24o-25oC. No infection rvas found rvhen
the seed from the Sudan had been externallv sterilised; some
occurred with untreated seed ; a higher percentage rvith seed soaked
in a suspension of the organism and a still greater occurrence
(reaching l00o/o at the intermediate temperatures) rvhen the
organism had been introduced within the seed coat. Neither soil
temp€rature nor amount of primary infection had any influence on
the incidence of secondar;- infection brought about by spraying a
suspensioo of the organism on to the plant.
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Il\Perinrents iu the chambers are at present in progress on the

inlluence of air temperature and of humidity on secondary infection.
l'irus Diseases. The Imperial Agricultural Conference of 1927

recommended that "funds should be provided for the more et-
tended stud) of the fundamental nature of virus diseases in plants.,'
The Empire trIarketing Board thereupon provided the means for a
considerable deielopment of the virus investigations at Rothamsted
rvhich are under the general charge of Di. Henderson Smittr.'fhree scientific posts were created, Dr. John Caldwell being
appointed to the post of Virus Phvsiologist, Dr. Frances Shefield
to that of Yirus Cltologist, and \Iiss trIarion Hamilton to that of
Virus Entomologist. Grants were provided for equipment and
maintenance during a period of five years.

Dr. Henderson Smith has studied localised forms of thc
disease found in Datura stranoniurn ar.d L,,tcium chinense shere
certain parts of the plant only are affected, ihe rest being {ree not
only lrom slmptoms but also from the virus, so that the juices can
be inoculated into highly susceptible plants without resuti. This is
unusual: in other instances the disease affects the whole plant.
. The remarkable bodies present in ttre cells in infected plants
have also been studied. They are protein in nature, but probablv
not alive, as has been repeatedly asserted of similar inctusibns botir
in animal_and plant virus disease- Their progressive development
from small particles carried in the protoplaimii streaming upio the
stage of the completed bod1.has been watched in individial cells of
detached infected leaves.

Entomology. The Entomological work is largely concemed
with the parasites of insect pest.s, they being am"ong the most
rmportant agencies for effecting control in nature. As an examote:
meadow foxtail is liable to attack by gall-midges. In 1928'the
attack in a particular instance was slight: ther; was 88"/^ oara-
sitism. In 1929, in the same experimeit, the attack *rr hd.rr,
there was only 3"/o parasitism. A new parasite of the frit flv hls
been found : a Chalcid Callit a bbolor- Another important observa-
tion is the greatl_r.increased prevalence ol Loiohoba kitoma
dnring 1929, and decline of the Chalcid Halticoptero inscicornis,
ts o phenomena which are apparently related.

Another method of control now being tested is to alter the
cultivation of the crop so as to make it lesis suitable to the insect,
Thus. by delaying the flowering of meadow foxtail grass till after
the main flight period of the midges was o\.er-as can be done bv
earlv qu11l6g or grazing-the attaik was redr.rced from 90"/^ to iusi
over'l0oo. 

. 
Control of the frit fly is obtained, as is rvell tnown, by

earlier sorving of the oats.
Dr. Barnes has closely studied the gall-midees that infest the

willow and cause much loss to the osiei industi. Under exoeri-
mental conditions, the ,.Harrison', variety of osiir has been fiund
to be immune to attack by the button top midge. The usual merhoJ
ol classrlying the midg.es according to rhe typi of ga produced has
proved unsound, as one and the same specili of m'idge can produce
different types of gall, Of much greaier bioloeicat"interes't. h;w_
ever, is the discovery that the iertilised femiles of the midge
Rhapdophagd lteteroltia H:Lrv. produce. as offspring, unisexril
families onll'-- 

_a 
phenomenon unknown pieviously .-?i,g i""""ir,

except in the Mycetophilide studied by Metz in Airerica. -
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The breeding of stocks of insects for weed control io New
Zealand was cont-inued, and further consignments of insects attack-
ing bramble, ragwort and Eorse were sent out, including 15,260
Tlria jacobeoe,-23,3OO Apion rtlicis ar'd 350 root stocks containing
Corebus rubi. They arrived safely and in sufficient numbers to
permit the Nerv Zeatand staff to take up their part of the investiga-
iion. As this work has now passed out of the research stage, it has
been handed over to the I'arnham Royal Laboratory of the Imperial
Bureau of Entomology, rvhich is specially equipped for the breeding
and supplying of large quantities of insects.

Di. Davidson having been appointed to the Waite Research
Institute, South Australia, the investigations on aphides, rvith
rvhich he was associated, have been discontinued.

The insecticide investig-ations have been mainly concerned with
pyrethrum, one of the most promisinS of vegetable Products, as it
can apparently be grorvn satisfactorily in this country.

Bees. 'fbe investigations on bees have followed the lines of
previous years, and the accumulated data are being *'orked up in
conjunction with the Statistical Department. The relative advan-
tages and disadvantages of the " warm way " and " cold rvay " of
arranging the frames, of having double walls for the hives, and
of packing them in rvinter rvith insulating material, are studied
Feeding tests have so far shown.o differences in effect between
cane sugar and beet suSar as winter food, nor aoything to justify
the preference for the cane sugar. The "brood food " swarming
hypothesis is being tested, and valuable information obtained, by
the study of marked bees, about the agcs at \\-hich they are engaged
upon specific activities.

THE ACCURACY OF THE FIELD EXPERII,IENTS.
The advantage of the modern Rothamsted field technique is

that the results can be checked. The " standard error " per plot can
be calculated; the degree of trustlvorthiness is therefore knovn.
Usual standard errors per plot on our present methods of good
working are ;-

usu-{L s r'-\\DARD ERRoRS PER\PLorioR,:""8.:i:LT-ii",.

Potatoes
Sugar Beet
Barle,'-: (irain

,. Stras'
Oats: Grain

,, Strarv
The standard error precisely measures the accuracy of the

experiment and it includes errors of rvorking, inequalities due to
variable natural agencies, such as weather, birds, insects, diseases,
and also soil variations rvithin the individual plots, but not the large
variations between plot and plot lvhich are eliminated by the method
of arranging the experiment. It is not, hoNever, an absolute
measure, since it depends to some extent on the size and arrange-
ment of the plots. Thus, a standard error of 0.4 tons per acre of
potatoes in a latin square experiment is.ot strictly comparable
Nith a standard error of 0.4 tor-rs in a randomised block experiment
having more plots. Ne\-ertheless, it is a useful guide to the experi-
menter as shos ing the standard of performance he is attaining in

I
7
8
6
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his work. The standard error is much the same whether the crop
is large or small, so that a heavy crop has a lower percentage erroi
than a light ooe.

There are several plots of each treatment, and the standard
error of the final result is much less than tiese figures of errors
per plot; it- is usuall_v norv at Rothamsted about 2 to 4 per cent. of
the mean 1,ield.

Exantination of the standard errors shorved that the degree
of accuracy attained at Rothamsted is also attained at the outside
centres rrhere supervision is exercised by the Rothamsted staff;
Woburn, horvever, does not reach the same standard, not through
the fault-of the staff, but mainly through soil irregularities and tl.re
depredatioos of pheasants and hares. We are hoping to overcome
this latter trouble.

The standard errors of our experiments are collected in Tables
III and l\'. An examination of the Broadbalk data during the past
78 years has brought out the interesting {act that drJstandard
errors, so far as they can be calculated, have varied at difierent
periods, but except for one year they are no greater now than in the
past, For the past 200 years it has been commonplace among ag.ri-
cultural speakers and rvriters that the farm worlier is not whaihe
used to be: it is satisfactory to know that the Rothamsted plots, at
any rate, are as rvell cared for as ever. The possibility of improve-
ment is constantly being tested. Inequalities arise thiough iiregu-
larities in sorving seed and appll.ing manure, especially-farmyird
nrarrure, s here this is used ; in the distribution of weeds ;-the attacks
of insect and fungus pests, birds, vermin and game; damage by
storm and many other causes. The chief sourcls of trouble are,
however, irregularities in seeding and manuring, and in weed
distribution. \ry'e are constantly strir.ing to iriprove in these
directions-

TABLE III,
Standard Elrors of.tield ex?e,iments ?c/ ptot.

H/eighl ?er acre.

Rotharnste.l-

0.5 0.3 0.3 1.2 1.7 2 t 2.5 4.2_ 0.9 0s
1.0 0.1 0.9 l.t 1.7 2.7 3.t 5.2

1929 0.4 
- 0.5 0.3 t.g 2.4 4.O 4.0

0.9 1.6 _ 1.5 2.0

Ye.r i Porates. se.dB
R@ts.t ToDs,

ions- t6. toDs.

Sugd Beel. adley. Wh€t. Oat.Rmts. ToDs. Graitr. StEp. cEin..Sthw- cnin- SrE -loos. l6s. cwl!. csls. fwts. cw6. crts. crts.

1926 0..1 o.7 - 0.6 1.0 1.9 l.s 2.3 4.6 2.3 6.2l.o , 1.7 1.7

1927 0.4

1928 . 0.8

In a maEgold experiment itr l92S the standard erlor was 2.5 toDs ,or
roots and 0.6 toos for leaves.

0.4
o.7

1.5
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Wobuft.

R@ts. Tops- ' qtraw

0.6 0.92.4 1.8

.. 0.s 0.4
o.2

1926 ..

0.8

1928 ..
0.5

1.3 1.9 4.1 4.6

1929 .. 1.7
1.7T T f1.5

0.7

Oltts;ile Ce lres.

Wis. I Ab6. OsDby. Colcb6t6. w.lsbp@|, Wrc.
bech. tB.nso.). R@ls. Tops. R@ts. Top.. Roi't!.

1928 1.4
o.7

0.5

ts:s 
- 

0a ,.s or os - ,s r.s -

TABLE I\r.
Staidard e/ror ?e/ Plot'. Pet .ent. of Yiellt.

Rotlnmsleil.

Ssedes. Sugar Beet. Barley- \\ heat. Cats.
Year. PotatGS. Roors. Tops. Roors. Top3. G6in. StIa*. Grain- Strar- Graitr. St.aE.

1925 4.9 - 8.9 4.8
8.6

1926 3.8 6.; 3.5 4.1 9.0 5 0 14.0 10.4 7.9 12.5

rs27 6,, E s: ro: ,os ,o: 
'o,z ".e

3.2 5.2 10.2 10.9 10.3 10.7 ll.6 8.6
8.5 4.1

_ 7 .7 7.2 12.5 15.6

s.2 - 6.3 5.2 8.5 10.0

- 3.8 6.3 22.5 l5.l 11 1 7.9
1929

Maogolds in 1925, 14.8% for roots and 10.89/0 ,or tops.

1927 ..
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Wob /n.

:t:*"S", *' ffi "-!"Et* j:ry'.'tl :4"8"..
1926 6.1 - 4.3 8.5

1927 7.4 :

5.2

I92a 7.t - 9.3 l5.l 22.5 19.4
40

It.6
3.4

18.0 21.0 9.6 12.3
8.9 23.0

ONttsi.le Ce res.

POTATOES SUGAR EEET

I Ndlolk(stor- I

t;ddg.) 
|

rczz 1 I

O$mby Colchesl€r

_ 
Roots Tops

7.4

Welslp@l Wye
R@ts Tops R@ts

,11928 15.4
6.7

3.,1 4.4 6.6 8.6 9.s

I929 2.4 1 v ros

THE EFFECT OF FALLOWING: HO\,V LONG DOES

IT LAST?

In 1925 the Broadbalk rvheat field became badlf infested with
rveeds in spite of much stubble cleaning, and as there seemed no
hope of coping with them during the grorvth of the wheat, it was
decided to fallow the field. It was, however, important to maintain
continuity of cropping, there haviog been no break since 1843. The
field rvas therefore divided into five parts: the eastern tv/o-fifths
continued to gro\r-wheat as usual, but the western (top) three-fifths
rvere fallowed from October, 1925, to October, 1927, when the
\\'estern two-fifths lvere sown with wheat, Ieaving the central fifth
bare. The eastern tw-o-fifths and the central fifth were then fallorved
from October, 1927, to October, 1929, the western t\i,o-fifths being
meanrvhile cropped. Then in October, 1929, the s'hole field rvai
sovn with wheat.

Thus a crop rvas grorvn each vear, but during the years 1926
and 1927 it was on the eastern part only, during 1928 and 1929 on
the western part onlJ', the remainder being fallorved, the end t,wo-
fifths for two years and the central fifth for four years.

The 1928 crop, after the fallow-, q,as remarkable, the r.ields
being }igh and the proportion of grain to slraw unusuallv high.
The 1929 crop on the same land rvas, horvever, nothing like-so
8'ood: the vield of stra\- remained high but the grain fell off, and

.1.1 7.6
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was, indeed, somewhat below the average for the 74 years preced-
ing the fallow, excepting on Plot l0(sulphate of ammonia only)and
Plot tg (rape cake), rvhere it was above: on most plots, horvever,
the yields are above those on the same ground for 1925. In part,
the fall is due to the return of the \\,eeds, Alo?ecuflts (black bent)
rvas bad on Plots 10, 11 and 12, and Alopecrrus ar,d Stellaria (chick
rveed) on Plots 2, 7, 8 and 16. There were few signs of the former
serious weeds, Papat:er (poppy), Tussilago larlarc (coltsfoot\,
Sonch.us antensis (sow thistle), Equisetr,m arz'ense (horsetail) and
Cirsium attense (thistle). Already, horvever, thel are appearing,
and it is more difficult than formerly to cope with them, as ve can
no longer count on hand-hoeing in spring, owing to shortage of
labour.

Typical yields were as lollows:-

Yield beloE fallow. Yield after fatlos.

pr"r xn 4-'1"e. Ist ]Imr 2nd Year
l92a- 1929.

Farmyard malure . . ..
AniJiciaJs.
Complete (Nitrate oI Soda). .

,, (Sulphate of Ammonia)
Complete Double Nitrogen :

(Nitrate oI Soda)
(Sulphate of Ammonia)

No Nitrogen
NoManure., ..

33.s 1s.l 48.4 30.0

18.81 16.3 56.1 2t 6
217 rol 473 177

29 .gt 2t .2 56. t 26 .3
30.4 18.6 67.4+ 20.9
l3.s 6.E 35.2 9.1
17.7 67 27.9 9.I

2B

9

l6
7
5

t 4l yeaG od-r,, 1885-1925. * Estimated from haff plot-

The value of the fallorv has soon gone, but the fault does not
seem to be rvith the s,eeds. \Ve are not )et able to give a satis-
factory explanation.

WINTER FOOD FOR ANIIVIALS: HOI\IE GROIVN
FEEDING STUFFS.

The increased number of livestock now kept on the farm
enables us to investi8ate one of the most important of present-day
agricultural problems: the provision of cheaper winter food for
livestock. The present position is that " starch equivalent " can be
purchased for ld. per 1b., while " protein equlvalent " costs l+d.
per [b. On the other hand, fertilisers are cheap and are readily
cooverted into foods, At what expenditure on fertilisers can a
farmer produce these food substances on his own farm ?

The results of the last 10 years' field experiments have shown
the kind of increased crop that can reasonably be expected from a
dressing of lcwt. per acre sulphate of ammonia on land rvhere
suflicient phosphate aod potash is given during the rotation. The
composition of the increase is also knorvn. The yields in terms of
food units are as follo$s :-
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Incredses erPe.tcil Jrofi I cut. sd?hat oJ an "tolia ?et aclc,
it ptesmce of stficieal Phos?hate arrd ?otasi.

ib. lb.

Potatoes
Maogolds
Swedes
Batley : GIain

20 c\rt.
32,,
20 ,,
6+ bu.
6+ c*.t.
7 bu.
6 cwt.
4+ bu.
5 c{t-
9,,

Oat :
Straw
cIain
Straw
Grain
Stlaw

lleado\\'Hav ..

BeaDs.
Peas.
Barley.

BeaN.
Vetches.
Barley.

Beatrs.

Oats.

I bushel
2 bushels.
2 bushels.

Barlev stands out as one of the most efficient transformers of
cheap fertilisers into food: meador / hay runs it closely when 9cwt,
additional crop can be obtained without loss of quality by the use
of 1crvt. sulphate of ammonia or nitrate of soda: this does not
ahvays happen on permanent grass land: the other figures ho'wever
are us'.rall)' reached. The average result is that for an expenditure
on fertilisers of bet\yeen l0l- ad 201- it is reasonable to expect a
rcturn of

261b. protein equivalent, worth about . . . 312; aod
3121b. starch equivalent, worth about ... 26/6.
In all, food substance worth about ... 2918.

During the present season, 1930, we have started experiments
on fodder mixtures l,ith the view of finding, if possibte, even more
efficient transformers of fertilisers into food. Four fodder mixtures

il:,T,"d, 
containing beans, peas or vetch, barley or oats: they

2

Reans.
Peas.
Oats.

There are 36 plots of each mixture, devoted to 12 fertiliser
treatmeots, these being combinations of

0, 1, 2cwt. per acre sulphate of ammonia.
0, 3cwt, per acre superphosphate.
0, 1cwt. per acre nruriate of potash.

Each treatment is triplicated.

l3
14
16

5
22

6

40s
2so
157

1Z{]].420

|l!|sro
,lty,",

r*]
)

f,,
F,

.6

.4

.7
8.5

.7

9.6
.1

4.6

la
7
7

7t
23
60
20

13
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