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as to be of maximum service to those s,ho are seeking to help
the farmer.

Two important conferences were called at Rothamsted io the
winter 1928-29 to discuss the agriculturat situation. From these
it was quite clear that the old four-course rotation is no looger
a suitable basis for arable husbandry. Roots are too expensive and
uncertain. Wheat-growing in general does not pay. This is not
peculiar to England: one of the remarkable agricultural changes
of tie tv/entieth century is tlre shifting of wheat cultivatioo
from the wetter to the drier regions of the world- It is raking
place in Australia and Canada iust as much as here: regions of
30-inch annual rainfall which produced wheat in the nineteenth
century do so no longer: wheat has gone into regions of 24 inches
or less. Here in England wheat is similarly being restricted more
and more to the dry Eastern counties, where it will dor.rbtless
continue.

But it also appears that grass farming pure and simple,
however well dooe, is no complete remedy. Fbr the grass farmers
must buy store animals in spring, and sell animals in summer and
autumn: where too much laod is in grass, prices of spring
stores are forced too high aod of autumn animals too low.

The new agriculture that is emerging out of the present series
of changes includes the following features:-

(l) a closer coonection between arable and grass land than
formerly, especially an improvement in the grass and
the lengthening of the grazing season; longer leys in
arable regions and use of prolific fodder crops such as
lucerne; the fatteniog of young animals on grass, as far
as is practicable, instead of keeping them to be fattened
during the following winter;

(2) the growth of cheap wioter food for animals to ensure
cheap production of milk in winter aod to avoid the
oecessity for the present forced sales of unfinished animals
io autumn ;

(3) the substitution of crops of value, such as potatoes, sugar
beet, Brussels sprouts, cabbaSes, etc., for the present root
crops ; extension of fruit growing and market gardening;

(4) improvements in the methods of fallowing;
(5) the use of poultry, pigs, etc., to complete the coDversion

of home-grown produce into more valuable products such
as fresh meat and eggs, thus avoiding the necessity for
forced sales of grain.

All these problems are being studied on the Rothamsted and
lVoburn farms, and the information yielded by the experiments
is applied to them as rapidly as is possible.

CROP EXPERIMENTS.

Replacentenl ol the Old Root Brcah.

Potatoes. If potatoes are to be grown at all they must be
grown well, and in particular must be adequately fertilised.

Since 1921, an experiment has been made each year to
discover the efiects of sulphate of ammonia and sulphate of potash
on potatoes: the results show that the two fertilisers are closely
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linked, and neither gives its best ellect without the other. 1'he
results wcre, in tons per acre:-

Sulphate oI Potash
Cwt. per acre.

7.06 7.16
7.74 7.85
1.10 7.45

With suflicient potash and phosphate the increases given by
I cwt. sulphate of ammonia per acre have been, at Rothamsted :-

o2a

Yd- D.t of I Drt of
P!.rtiq. I lnEor.

Sulphar. oI A,tlmia

Sulphalr o, Amooie. 011 3

Sulpbt of AEmi..

o 6.54
2 I 6.68
4 6.90

0
I
2

I
I

30

0.6
6.6

I1.9

1925 April 25 ... ] O"tot", o ...
1926 April 24 ... I October 2l ...
lS27 May 23 ... I October 6 ...

24
26
l0
20

i z.zslz.alI 6.6 I7.a I

I

1928 April r7 ... 
I 

October 10 ...

Excepting only in 1927, when the potatoes were set very
late, the increases are round about the usual 20 cwt. per acre.

At Woburn, the increments have been more taried '-

r*. I D.r. or
PL!titr8.

1926
t927
t 928

trlay l0
June 25
May 6-9

Lnti!8,

-.. Oct. ll-12 ,..
... Oct.27-ZA ..-

SulDbate ol Al!fuia
Sulph.te of A!r@i1

'.:. 6;i.;;fr':..
/

With sufficient sulphate of ammonia the increases given by
lcwt. sulphate of potash are much more variable: they have
been, at Rothamsted:-

Y..r. DrL ol plaltiDs.

No du!8. Du!s,

May 23

20
t0
No

iacrea-se

20-23
Depres- i

siotr
_lApril 1.7-20..-

(r) Meatr of muriate and 30 per ceot. pot -sh manure salts.t No experimetrt made.

The effectiveness of the potassic fertiliser is lessened by late
planting: indeed, for potatoes, as for sugar beet, we know of no
profitable scheme of manuring a late planted crop.

Potassic fertilisers are clearly much more dependent on the
season than nitrogenous fertilisers: the explanation is that they
increase the efficiency of the leaf, an action which is advantageous

2.48
9.73
6.20

'1',
1925
tgza
lg27

r928

g.2l
11.70
0.r8

9.45
6.52

58
25
l0

379
668

44r
479
120

68t

l8
23

6

22
ll

28o

April 29-May 4
April 23

7.69

In(rc td ldt. I,roE& Io! 1c*t.
Sulphat of Pot&!. MurLt of Potast.

CFr CrL
Nodula. DoDa. Nod@9. Dr!s.

8.75
s.03
8.79

6.60

7.06

8.26
I1.05
10.63

67
30
I

:
4G.46
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in sunless seasons; also they increase the vigour of the plant,
thus helping it in seasons of spring drought or other di6culties.

Sulphate of potash in our experiments usually excels thc other
potassic fertilisers for yield, though not by much, muriate running
it very close and the 30 per cent. potash salt is not far behind.
The average yields, in tons per acre, of thc last six years for
the dressing of 2 cwt. sulphate of potash' per acre and equivalent
amounts of the other salts, have been:-

Salts 3070.

t922

1923

1924

1925
r926
ls27

F.Y.M. 8.03
tro F.Y.M. 2.48

F.Y.II. 11.70
tro F.Y.it. 9.73

F.Y.M.9.18
no F.Y.M. 6.20
tro F.Y.M. 5.03

Gaio due to super

rz
ll.{3
9.22

0.36
10.97
6.E6
0.46

double d.essiog

9.55
8.30

12.47
t2.23
8.82

9.68
I1.36
7.38
7.35

s.2r
8.32

13.03
12.00
8.70
7.ts
9.42

11.52
7.16
7.O4

I F.Y.M. 9.45

I 
F.Y.M. 0.s2

F.Y.M. : Farmyard Manure.

The frgures from t926 onwards, when the new methods rvere
introduced, have more value than those for the earlier years.

Superphosphate was included in the tests in 1928. The results
show an average gain of 5 cwt. potatoes per cwt. of 36 per cent.
superphosphate at Rothamsted, and the following at othcr
centres, adequate supplies of sulphates of ammonia aod of potash
being given :-

Wisbech ... 3 cwt. potatocs,
Stowbridge tg cwt.
Woburn ... 8 cwt.
Rothamsted ... 5 cwt.
Aberystwyth Nil
Average: 7 cwt. potatoes per cwt. superphosphate.

At three of the five centres increases in yield continued
(though not at this rate) up to 8 cwt. superphosphate, at one
(.{berystwyth) there was no clear increase, and at one (in Lincoln-
shire) there was apparently a decrease: this is being more fully
(xamined this year. 'Ihe yields are givcn on pp. I43, ll-16, 170-1,:

The effect of the superphosphate is depeodent on the presence
of sufficient nitrogen and potash as shown in the following yields
at Rothamsted in tons per acre:-

Sulph.t! o, AlMoDi.,
oot. ll cwi. 3 cEi.

Witi super ...
No srper

9.03
9.t5

I1.05
9.76

Varyiq n;rrog.i, aA.44atc po,ash 1528.

I Rather less on tlle farmyard maEure plots oI I 922, 3 end 4.I FuIt Report.
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Varyilg potash, adt4tate nitlogen 1928.

$loh.t d Fotat
ocnl 1.rL 2crt.

With super ... ...
No super

Gaia due to super (3.cl*t. per acre)

8.26
8.00

tt.06
9.70

lo33
9.74

It has now become possible to arrange for a satisfactory
investigation into the inBuence of manuring on the quality and
keeping value of potatoes. Dr. Lampitt, Head of Messrs. J.
Lyons' laboratories, is conducting cooking tests (boiling and
frying) of all our samples fresh from the field and after storage,
and with his help we hope also to obtaio the percentages of dry
matter, sta-rch, nitrogen and other constituents likely to influence
quality.

Srgat Beet. The Beet Sugar Factories-Aoglo-Dutch Group

-generously 
made 8'rants in f927, 1928 and 1929, enabling us to

carry out extensive fertiliser trials at Rothamsted and Woburn,
and to repeat typical experiments elsewhere. 1'hese trials, being
in much more detail than was previously possible, have brought
out a number of important points, but they have also shown that
we do not yet properly understand the manuring of sugar beet
and, therefore, are not obtaining as large yields as we ought. 1'he
Continental recommendations which most farmers follow are not
altogether suitable to English conditions.

ln 1927, sowing was unavoidably delayed at Rothamsted
and the purpose of the experiment was to discover whether in
these conditions, which are always liabte to arise in a heavy
soil, any fertiliser scheme could make up for lost time. U.iortu-
nately, none of the forms or combioations of nitrogeo, potash,
phosphate proved successful, and we do not yet know how to get
over the difficulties of late sowing.

The other experiments of 1927 and tiose of 1998 were to
discover the efiects of the various fertilisers on the crop, both on
roots and leaves, the latter being important as stock food.

The leaves behave oormally towards fertilisers. Nitrogenous
fertilisers deepen their colour and increase their size : an additiooal
hundredweight of niEate of soda gave about one ton of addi-
tiooal leaf per acre.

The roots, however, are much less affected thafl the leaves and
are not nea-rly so responsive as mangolds. One ton of mangold
leaf will commonly give about 4 to 6 tons of root, but one ton
of sugar beet leaf may give only one ton of root and sometimes
much less, Sulphate of ammonia applied with the seed had but
little eftect: muriate of ammonia was rather better, but nitrate
of soda was best of all. None of the nitrogenous fertilisers, how-
ever, did much to increase the yield, while they all lowered the
sugar content and the weight of root formed per 100 parts of
leaf. Phosphate had but little effect either on yield or sugar
content. Potassic fertilisers also had only little action, but, of
these, potash manure salts was somewhat better than the muriate.

The results suggest that sodium, perhaps magnesium and
chlorine, play some part in the outrition of the sugar beet, and
that the plant cannot make full growth unless they are supplied.
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Rdhatskd, 1928.

Roots, toDs p€r acre
Tops, toDs per acrc
Sutar, per cent. io

root

I rrtrarh
r c*r. Iuurietcol xorrci Fot rb. I sdts.

9.25
11.59

9.t9
r2.39

9.08
11.26

9.23 9.06
11.60 11.32

n.6s ) n.27 17.61 t7.6I 17.60

Srp.!-

0.25
I1.64

r7.63

Roois, toos per acrc ...
Tops, toDs per acre . , .
Sutar, per cent. in ioot

No top Ni6o.halt

t4.00
12.49
14.22

l5.to
13.69
t1.16

r3.E2 11.12
ll.4? 11.98
18.07 18.00

The effect of nitrogenous manure in lowering the efficieocy
of the leaf as a producer of root is shown by tlle weight of root
made by 100 of leaf :-

Top dressing (Nifrcchalk)
Irluriate oI potash
Potash manure salb

Notre Sirgle do6c I Double dose
89-,1 78 A ?3 a
88.6 80.6 ?3.0

The results are disappointing and show that we still have
much to learn about the manuring of sugar beet, and about the
varieties best suited to our conditions. Our present varieties
come from the Continent, and in the long cootinued process of
selectioo tie search has been for roots rich in sugar suitable (or
the factory, but not necessarily for the farmers. As compared
with the sugar beet grown sixty years ago at Rothamsted, tie
1998 roots are much richer in sugar, but the yield per acre, both
of roots and of sugar, has decreased, and the efficiency of the
leaves has fallen considerably. The improvement has apparently
been mainly a shrinkage in size of the root, thus compacting tha
sugar lnto a smaller space:-

S{C.r.

FE @L htEt lCrL F..r..
*#1sP l

I t.0
17.80.8

5.1
12.2

l87r-3 ...
ls28

41.6
33.1

. -A.pparently there is room for considerable improvement, both
rn va etres and in management of this crop, lhe restricted response
to -fertilisers suggesting some kind of iongesrion in the ;lant;rt ls not always obtained: for example, at one of the outside
centres. (Durham) muriate of porash was distinctly effective, the
yields being in tons per acre:-

Wobun, 1928.

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-1-85 pp 7

26

UEi.t ot Potah, aL p6 .d!..rI
f .i5

Each plot also received I crt. $rlphate of ammonia and 4 cvt. super-
phoophata I)er acre.

Inclease l)er cll{. mDriate oI potash-2o cwt. sugar boet.

It is somewhat curious that the factory determinations of the
percentage of sugar in the roots were consistently lower than ours
made on samples taken direct from the 6eld.

CenrAr-s.
Under British conditions the most important fertilisers for

cereals are the nitrogen compounds: these act with considerablc
uniformity, I cwt. sulphate of ammonia giving increases that
range about 4] bushels of rvheat, 6 bushels of trarley and 8 bushels
of oats. The figures vary from season to season, but their
relationships to the meteorological data are not yet fuUy known.

Borley, 'fhe experiments on barley are made in conjunction
with the Institute of Brewing to ascertain the efrect of soil, season
and manuring on the yietd and malting quality of barley. During
192? and 1928 they have been continued at Rotiamsted, W-oburn,
Wellingore (Lincs.), Chisleborough (S. Somersel), Fitzhead (\'ale
of Taunton) and Longniddry: they were, however, discontinued at
the other centres, sumcient information having already been
obtained, The most striking effect again was the increase given
by I cwt. sulphate of ammonia per acre; this was greatest in
years of low yield and least in years of high yield so that the
efiect of the fertiliser is to even up the results: the yields have
been, in bushels per acre:-

Witioutnitrogenousfertiliser 19.9
Witl,r nitrogenous fertiliser ... 32.6

So far as the data go, the increments of yield seem to be
a-fiected by :-

(I) sufficient rainfall in spring to allow of tillering propor-
tionate to the nitrogen supPlY;

(2) sufficient sunshine in July to allow of head formation
proportionate to the nitrogen suPply.

The values of the increments for the past eight years have
been at Rothamsted :-

Hi8best Ra.de oI
Vaoaliotr17.9 28.0

11.4 I1.9

1924. 7E,' t92t. 1925, \W"

Increment oI yield,
bushels

Yield *ithout Di-
troSetrous mao-
ure, bushels ...

Rainlall in inches :
March
Apr

7.0 6.8 6.0

24.8 27.2 25.O

5.0I0.4

47.9l9.s

2.14
1.48
1.68

225.E

23.4

2.38
1.88
l.l0

130.4

22.t

l.14
3.r8
4.63

236.6

2.10
0.91
1.45

270.3

r.22
l.?0
2.4E

183.8

31.0

2.25
3.52
1.58

149.6

1.07
1.57
1.45

240.0

o.22
2.96
L95

l6l.l
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The high increments are associated with years of 3 to 4 inches
March and April rain and 200 or more hours of Juty sunshine,
1927 being the only exception. A higher increment might have
been exp€cted in 1924, but tlle abnormally wet summer aDd
autumn greatly ehcouraged tlre growtlr of weeds and protracted
the harvest-

TrrE NEw Nrrnocr^-ous MeNunss.

Four nitrogenous Iertilisers have been compared in deta.il.
The results were, at Rothamsted, for barley:-

Sulphate olammonia I

Muriate oI ammoiia

siisle Double

22.2
27.O
24.3
20.7

Sinire Double

34.0 37.8
36.2 47.0
32.8 43.8

35.5 34.6
34.6 37.5
35.O 35.8

32.1
31.3
3l.l
28.8

34.5
36.2
32.8
33.8

No oitrogen 15.4 21.4

All ferlilisers markedly increase lhe yield, wilh muriate
of ammonia coming out best as usual in 1g27, and quite wcll in
1928. In both years cyanamide has done well : it wAs applied a
few days before sowing. Urea dr.res not come up to muriatc of
ammonia.

These nitrogenous manures act best when they are applied
with the seed- ,cyanamide should go on even earlier. Usid as
top dressing, even ammonium nitrate (nitrochalk) is ineffective,
and when given late it only raised the percentagr of nitrogen
in the grain.

I ry..0 Nitrc.lelk epplied :
Illay 12. Jue 4. Jue 19.

30.8 33.0 3r.43t.9 32.i 29.5
2.118 2.110 2.160

Superphosphate ot ba ey. The Hoosfield barley plots afford
the best demonstration in the world of the effects of phosphate,
potash and nitrogen starvation on the barley plant. In British
practice, phosphate starvation is rare, the barley being grown
on-[y one or two years after a root crop which has been manured
with a phosphatic fertiliser. The farmer is more intelested in
the other problem: the efiect of doses of phosphate larger than
are oeeded to supply the bare necessities of the plaot. This
depends very much on the seasoo, tut also on the soil. In the
outside experiments the glacial drift soils at each of the three
Norfolk centres have ahvays responded to superphosphate. On
other soils, however, the response r.aries from season to season:
e,9,, at Rothamsted, a response was obtained in 1927, tiut hard)y
in 1928 :-

Grain, bushels per a.cre
Stnw, cwt. per acre ...
Nitrogen per cent. ir gra.io ...

31. r
30.r

2.07 5
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1927. 1V27. rc2a.1928.

33.6
32.8

Supephosphate
No superphosphate

Efiect oI supeq)hosphate

20.7 30.3
18.9 29.4

+0.8 +r.8

'lhe figures for the straw vary in the same direction. N,J
conoection between the meteorological data and the respoose to
phosphate has yet been traced.

Potassic lertilisers on barley. 'l'he efiect of potassic fertiliser,
like that of phosphate, is much less marked than that of nitro-
genous fertiliser. Few soils, except perhaps the thin chalks and
light sands, show signs of potash starvation, and it is not clear
that excess of potash over and above a margin of safety is
advaotageous: indeed, in some seasons, especially the good ones,
sulphate of potash appears to be harmful. During its 77 suc-
cessive years under barley, Hoosfield has passed through three
stages: the first, when sulphate of potash not infrequently
reduced the yield; the second, when it had no efiect; and the third,
when it increased the yield, potash starvation having set in at tlle
end of about 32 years. The vields of graio have been, in bushels
per acre :-

+0.9

(1) Sulphar€s of soda and of bagnesii arc also oditred as *ell as sulphate of Dotash, but
oaher plot3 sbow rhat tbeir effecrs are r€latively small.

Sulphate of potash caused a marked depression in yield of
malting barley at Rothamsted in 1924 arld at certain of the outside
c'entres in otber years: this is not common, but it appears to be
a true result. The present data suggest that:-

(l) in years of high spring' rainfall and good ripening
wealhe\ i.e., years favourable to the formation of well-
matured grain of low nitrogen content, sulphate of potash
may decrease the yield of barley ;

(2) in years unfavourable to ripening, sulphate of potash has
less depressing efiect and may even raise the yield of
barley.

These variations are of the same kind as for wheat and
potatoes, on both of which sulphate of potash acts beneficially in
unfavourable seasons, and has less efiect in good seasons, the
badness of the season being in each instaoce measured by the
lield of crop receiving no potash.

Actual depression of crop, however, seems to be confined to

Early years.
rlst 8 16.

Pbr u6?,59. l8&i. 1864. 1865- 1866. 1852-91. 190&15. t9ie27.

Complete
artitrciat

No pot -sh

4A 46.4 5i.4 55.4
44.9 6r.6 58.5

46.5
48.4

17.O
50.5

43.5
42.7 5

40.4
28.5

32.O
28.6

Difierencel +0.5 -6.2 -3.1 -1.0 -2.5 +0.75 +rr.8 +6.6

28
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barley, and apparently to sulphate of potash, for it has been
observed with muriate of potash only in 19211; whether the chlorine
ion is beneficial and the sulphate ion harmful, is not knowo.

Errgcr or Frntrr,rstns oN CoMposITroN AND QuAr.try oF THt
GnerN.

The percentage of nitrogen in the grain of barley depeods
on the amount of nitrogen the plaot has taken from the soil and
on the amount of carbohydrate it has synthesised during its
growth. A high nitrogen uptake makes possible considerable
growth and sumcient carbohydrate formation to over-balance the
nitrog'eo: the grain then has a low nitrogen content. It depends
on the favourableness of the conditions whether this possibility
eventuates. Late sowing, or a check in growth due to drought,
or a late supply of nitrogeo to the plant, may so cut down the
available time that the plant cannot make the necessary carbo-
hydrate: the nitrogen content of the grain then becomes high. On
the other hand, high rainfatl in the weeks after sowing, by reduc-
ing the nitrate in the soi[, but otherwise favouring growth, lowers
the nitrogen conteot of tie grain, as shown by the following data,
obtained at Woburn :-

Nilrogetr per @nt.
Ye3r
Barley sown ...
Raidall in inches

after sowiog.
March

...1
May rst-l6tn i

inclusiwe

r.06 I

ts22 I

April l0 i

I

t.23
tsz4

March I I

0.35
2.57

1.35

2.0r
ts25

March 3l

l.7l l-57
1923 tg2r

April 10 March 4

o-09
1.59

l. r8

1.03

0.35

1.34

0.79

2.55

r.43

In sufficiently favourable conditions, sulphate of arnmonia
may still further increase the carbohydrate production and thus
further reduce the proportion of nitrogen in the grain; in less
favourable seasons, however, insrrfficient carbohvdrale is produced
and the nitrogen content of the grain mav be raised. As the
nitrogen content is already low in favourable and high in un-
favourable seasons, it follows that sulphate of ammonii tends to
lower the nitrogen content of the grain in years when it is low
and to raise it in years when it is high. Larger quantities (2 cwt.
per acre) tend to raise it in any case. The Roihamsted results
have been :-

192i.

No Nitrogetr...

Sulphate ot ArDmoaia
Muriate ot Ammoda

1.599 1.452 1.015

1.585 l.7ll
1.552 1.684

Double
drelsing.

2.220
2.112

1.142
I.438

Single.
2.O29
1.985

As in previous years muriate of ammonia gave grain of
lower nitrogen content than sulphate of ammonia. potassic
fertilisers counteract to some extent the tendency for sulphate of

PeTcenlegc of Nilroget in Grcin.

ttl
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ammonia to raise the percentage of nitrogen; at Woburn, in 19r8,
the percentages of nitrogeo in the grain were:-

Etrc.t ol Sulphat ol AEEoDi2. E6€t ol Sulph.t.. of Pot6h.

Sup.rphcph.t! aod SulpLat ot Sup.rphcphat and Sulph.t ol
A@ri..

+Sulptate oi I No Sulphat
Irtt6h. of Potasn-

Irotah.
+SrrlDhat of No Sulphat

Aooooia. i o, A6moi..

t.372 1.310

1'he nitrogen content of the barley, more than any other
5ingle factor, determines its malting value. lt is closely connected
with the amount of " extract " and with the diastatic power of
the malt, the extract varying inversely and the diastatic power
directly with the nitrogen: it has also more subtle effects,

The investigations by Mr. Bishop oo the nitrogen compounds
of the barley grain have reached an interesting stage. The pro-
portions of hordein, glutelin, aod salt-soluble compounds are all
conoected with the percentage of nitrogen in the grain: for
different samples of the same variety (Plumage-Archer) the glutelin
increases proportionately to the nitrogen, the hordein increases
more rapidly, and the salt-soluble compounds less rapidly than
the nitrogen. The relationships are tbe same, whether the varia-
tion results from changes in soil, season or manuring; it appears,
therefore, that the ratio glutelin/nitrogen may be a varietal con-
stant of considerable interest to the breeder of barley for quality,
and this is being determined for some of the new barleys grown
by the National Institute of Agricultural Botany: the barleys are
also being malted by the experts of the Institute of Brewing.

The large number of analyses of British-grown barleys made
in recent years at Rothamsted has shown that the grinding bar-
leys are richer in proteio tharr is usually supposed. The 6gure
quoted in the standard British tables is 8.6 per cent. of proteio,
correspondiog to 1.38 per cent. of nitrogen; our results show that
the figures have been, for barleys which buyers would not take
for malting:-

vahalioo 45l-.nd less valmrion helow 101

1922 1.72 ... I.76
1923 1.73 .. 1.96
1925 r.86 ... 2.16
1926 1.58 ... 1.65

Mean
Protein on conven-

tional basis

r.72

10.3 %

. r.88

... ll.8 %

The results show thai less protein concentrates, such as
decorticated cotton seed cake or meal, or decorticated grouod nut
cake, than is usually recommendcd, necd be mixed with barley
meal for feeding to farm animals-

WrNten-SowN Oers ,llto 'Wgeer.

The experiments have given further information as to the
effect of time of applicatioo of the sulphate of ammonia' and
we are now able to sketch out the followinR as the probable
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facts. _ In its relation to nitrogen supply, the life of a cereal
plant has two well-marked periols: thi'firit, in which roots and
tillers are formed but no heads; the second, in which heads develoo
on the tillers, but no more new lillers are formed. For autumn'-
sown cereals, the first stage is so long drawn out that it can
be sub{ivided into a 6rst p-riod, startirig at the lime of e,ermina-
tion and continuing all thiough the winier, when roor firmation
is the chief process, and a second period when tillerine. oroceeds
aclively; at Rothamsted, this is mainly in the spring, ahJui March,
or early April. Roots, tillers and heads are ali inc-reased bv nitro-
gen supply. The heads, however, are increased in numbir onlv.
and not in size or number of grains : there is even a small tendeniy
for Ihe number of fertile grains lo decrease.

Applied during the time of titlering (which at Rothamsted is
about the month of March) the nitrogenous fertiliser increases the
oumber of tillers.

Applied after tillering has ceased, it can still increase the
amorrnt of grain, and also the amount of straw, though not as
much as if it had gone on early enough to increase the tiilers also.
The earlier application has therefore at first sight lhe advantase.
It suffers, however, in that some of the nitrosin mav be wash"ed
out by rain, leaving insufhcient for the cro-p unlesi an excess
has been added. In practice, rhe ordinary dressing of t cwt.
sulphate of ammonia per acre is best appiied late,"as it gives
more grain and but little less straw rhan if aDDIied earlv. i,,hile
the larger dressing of 2 cwt. sulphate of ammonia is besi apolied
early, as it then gives considerably more straw and somcwhat
more grain thao if applied late. The averages of all results for
lhe four ycars I925-28 havc been :-

Incrcdsas ot al No Nirrogcn-

Sulphate of Arnmoaia.
Oats (2 years) ...
Wheat (3 years) . . .

Early kt!

0.4 t0.8
5.3 2.8

Meatr oI all Tests with Sul-
phate o, Amrlonia a.d
lturiateolAmmoDia... 3.5 6.0 6.7 5.1 6.t 4.8 10.8 ,.6

Muriate of ammonia gives substantially the same r€sults
as sulphate of ammonia. 'lhe details are as foitovs:_

... I s.s s.r

... 1.0 4.3
14.0 8.7
7.5 43

7.1 6.6
3.8 4.6

Oats, 1925
Oats, l926
Wheat, 1926
Wheat, 1927
Wheat, lg28

49.6 I 59.4 61.2 66.4 sg.a 61.6 s23 I _75.4 71.2 77.O 77.4 77.3 7E.8 82.4 ) lt.a I n+27.O 24.5 32.8 I 3O.8 I 32.1 36.4 34.4 i gZ.O Zgs11.2 19.5 44.O 5l.O 40.9 {4.O 49.3 60.1 48 04:1.3 {4.4 60.6 {8.6 48.1 _ I _l-

Early la&

GMrlr. BusEaI! lir Adr
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S w, CB. Ptr AcE,

Eitly. Iit.

34.6
50.3
46.7
4&9

itc. DooDL il6..
Izta E rly. ht .E3dy.

Oa13, 1026
Oets, 1920
Wheat, 1026
What, 1927
wheat, l92E

s7.4
68.2 17.2
50.3 43.r
55.3 49.I

lco
u.8
50.0

24.5
14.1
4r.3
45.8
25.2

3r.8 30.8
50.0 60.0
43_7 41.9
51.4 48.6
32.5 36.7

36.7 3r.8
52.6
46.4
44.4

58.9
46.2
55.8

Cereal mixtures for green feed, hay or silage, and therefore
grown for leaf rather than grainr should receive their nitrogenous
dressing during tillering time.

Nitrogen in @heat gtaifi. An experiment was made in l92q
in conjunction with the Research Association of British Flour
Millers to ascertain how far the nitrogen content of wheat can
be altered by variations io time of application of nitrogenous
fe.tiliser. No significant efiect was produced by manuring,
although there were differences between the varieties: Yeomaa
II and Square Head's Master both contained more nitrogen in
the I'rain than Swedish Iron or Million III. The percentage of
nitrogen in the dry grain was:-

Dillercnt Vatieties.

Yeoman II ... I.700

Square Head's Master 1.698

Million IIL.. r.665

Swedish Iron ... ... 1.639

Dillerent Times ol Ap?lf;ng
N itro geaous F eiiliser.

No nitrogenous ferti-
liser

Early top dressing ...
Late top dressing ...
Early and late top

dressings ... ...

Gnesslexo.
Grass presents special problems because it is not a single crop

but a mixture, the members of which are competiog with ooe
another. Further, the value of grass is not sumciently expressed
by its weight: it depends not only on the kind of plant but on the
way the plant grows, whether leafy or stemmy. Two qualities
are important to the farmer: palatability and feeding value.
Palatability is tested in the Woburn experiments in Broadmead,
rvhere grass is treated with lime, basic slag, superphosphate, pot-
assium salts on separate unfeoced plots, all of which are then
grazed by animals free to wander whele they wili. They congre-
gate on the most palatable herbage and leave the rest: they choose
always the plots treated with lime and phosphate. Feeding value
is tested at Rothamsted; the plots are fenced in and the animals
are given no option as to where they shall go: they are weighed
each fortnight. The results again show the value of phosphate,
especiall) the basic slag of high solubility: within certain limits
they show that a 2 per cent. solution of citric acid is a useful
agent for estimating agricultural value, though others are being
tested with promising results. The experiments have emphasised
the importance of skilful and close grazing in the management of
grassland; this is even more important than maouring and,
indeed, some of tie records shorp that a properly manured pasture
badly grazed may be worse thal one left unmanured.

I.646
1.612
1.639

1.667
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Grazing experiments are, howevcr, the most unsatisfactory
of all field trials; they are crude and liable to gross errors, They
answer well enough to show strikingly obvious differences, such
as those obtained at Cockle Park; and, with proper precautions
to ensure success, they can make effective demonstrations, but
they give little or no information beyond what a competent grazier
could deduce on mere inspection of the herbage. The variations
in the individual animals, the marked difference in results accord-
ing as one more or ooe less is put on a particular plot, and
the impossibility of allowing for their mainlenance requirements,
complicate a problem already rendered difficult by the variations in
the land itself. We are endeavouring, during the present season.
to improve the method so as to make it yield more useful results.
We are- also 

. 
testiog the mowing method used successfully in

certaln rnvestrgatrons.
The results have given some interesting measurements to

show what grassland can do in various parts of the country.
The live weight increases in pounds per acre of the sheep grazed
on the unmanured plots have been:-

t9214
1925-..
1s26...
1927.,.
1928...

Average-
t92t-4 ---
1925
1926
1928

rE.e
2t7.0
271.A
203.8

ll5
81.

201

0t.

,a
I87
297
124

The live weight increases on the slag plots at Rothamsted
when that on the unmaoured is put at 100 a.re :-
Per c.nr. $trble io citric Acid. n

98
95

tt2
94

tt2
t27
ll0
tt2

100
50

l0{
I l5

l4l
m

104
109

128
r68
104
109

99
t23
95

t25

ll4

The 6rst dressing was given in lg2l, and the plots were
redressed in 1925.

Much clearer results are obtained in the manuring of hay
land. Experiments on this subject were begun in 1856 on grass
which even then was very old, and they have been continued ever
since, the laod being hayed every year, two crops being taken
rvithout grazing. The results are given on pp- 126-7'; they show
lhe imporlance of potassic and phosphatic fertilisers for ensuring
quality, and of nitrogenous fertilisers for giving bulk and early
growth.

The efrect of slag depends on its solubility: slags of 60 per
cent. or more solubility in the 2 per cent. citric acid solution are

r Full Report-

FiddnBrd-

Averege

::.1

,E 
I 

cirs.
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more effective than those of 40 per cent. or less. The results
were:-

Yi€ld, cwt. !6a@: NoEanutt.

Old @do'. N.t hy.
E@o.!, S(EEeL atul.., Ndroll.

l@pFE@t aiveo by slaa.
Yield rh.n uo@uuftd: l0O.

Elllre, So@is.t. tsr@Le, Nodoll
Solubilily. Solubiliry.

3?% 870/" AT ai'%

27.4
26.1

0.4

rs26 ...
t927 ...
1928 ..,

45.7
r8.8
14.9

109
ll5
t I9

ll6
169
l7l

tt2
123
t25

r00
r33
128

The rapid fall io yield of hay from the new ley is characteristic
of the Eastern counties, and illustrates one of the difficulties of
grassland farming there.

The experiments show that the old citric solubitity test is
of considerable practical utility in discriminating betBeen the
various slags now offered to the farmer, and they shos, the
t'isdom of insisting on a high solubility in general. Low soluble
slags may serve a useful purpose in special conditions, but they
should be bought only when the farmer has Bood reason to know
that they will act well.

FALLow.

One of the most striking of recent changes in agriculture has
been the increase in land under bare fallow. This represents a loss
of crop in the current year, but a gain, and sometimes a marked
gain, in the next, so that it is not necessarily as wasteful as it
appears. The fallowing of part of Broadbalk has given us oppor-
tunities of observing some of the results: on part of it that has
had a two years' fallow, the yields have been:-

77 ye.E, 1E52-19Za.

GEiL Str',e-
B[shtl I cr(
F.d.- I P6..e

No manure since 1839
Complete artidcials
No potash ... ...
No potash or phosphate
No nitrogetr
Farmyard matrurc ..,'

t3
ll
l0
6

28

27.9
55.2
66.S
47.0
x5.2
ta.1

27.8
32.0
3t.4
25.8
34.8
61.4

I r.8

2t.4
18.8
t3 6
33.2

30.8
2 r.8
l8.l
10.6
34.5

and in the proportion of grain to straw- Never in the 86 years of
successive wheat grorving has Broadbalk grown a crop so thick
set with grain, and we are unable at present to explain it. The
season was very favourable, but probably not more so than some
of the great wheat seasons of the past, 1854, 1867, 1863, f894,
yet in none of these was so much grain produced. Much of the
effect is probably attributable to the fallow, but whether the action
is the suppression of weeds, the decomposition of vegetable and
other matter, or some ph1'sical change in the soil, we caonot
decide. Something more scems to be involved than an increase io
plant nutrients, for no fertiliser scheme we have ,et tested pro-
duces this great increase in the proportion of grain. The ordinarv
fertilisers increase boti grain and straw: the fallowing somehow
caused the plant to produce grain and not straw. Thc investiga-
tion is being continued-

The result is a remarkable increase in the yield of grain
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LUCERNE.
The value of luceme as fodder is rvell recognised. but onlv a

comparatively small area has hitherto been giown, and thiJ is
mainly restricted to the south-eastern part of Eogland: elsewhere
it ofteo fails to survive. Investigations made by Mr. Thornton
during the past frve years have revealed both thi cause and the
remedy. Like other leguminous plants, lucerne is dependent on
the bacteria iiving in tlle nodules of its roots, and as thise are not
normally carried in the seed they must eoter the plant from the
soil: if they do not occur there, the plant fails to giow well. The
experiments show that the organisms are absint from many
of tie soils of tie north and west of England, but they occur in
the home counties and East Anglia, where lucerne'has been
grown for many years: they occur also, though probably in
smaller numbers, in the flat region stretching away from'thc
home counties to Cheshire-the region known io geographers as
the Midland Gate. Mr. Thornton has developed a-method of
adding the necessary organisms by a process of 

-inoculation 
which

is both sucrcessful and inexpensive, increasing the yield of crops by
20 per cent. or more in districts where the apprbpriate bacteria
are absent from the soil, and usually increislng the nitrogeo
content and therefore the feeding value. Iooculated luceine
seems to have as glod a chance of survival in the north and west
as in its old homo in the south-east and East Anglia. lnocula-
tion is particularly advantageous where lucerne iJ sown with a
cover croP.

Inoculation, however, is not the only thing necessary to
ensure success. Lucerne is very liable to weed infestatio;, in
spring with the usual annuals, in autumn with specia.t weeds like
groundsel aod chickweed. Trials showed no ad\,tntag.e, however,
in delaying the sowing for the sake of extra cleaning: spring
sowing in a cover crop has given the best results in our trials ai
widely separated as Somerset, Monmouth, Monte.omery, Cumber-
land and Rothamsted-

_ Soil acidity is a potent cause of failure of lucerne, being
harmful both to the plant and the organism. Acid soils must bi
Iimed before inoculation. Alwav has obtained evidence that in
Minnesota a second crop of Iucerne sown immediately after the
ploughing in of a first crop that has parrially failed has a
greater chance of success. No evidence for this was found ar
Rothamsted, rror of any acid resistant strain of org.anism that
could be used on acid soils. Up to the present |iming remains
the only way of making an acid soil fit for lucerne. -

Mr. Thornton, assisted by Mr. P. H. H, Cray and by
generous I'rants from the Research Fund of the Royal Agri-
cultural Society of England, has developed methods for preplr-
ing cultures of the bacteria on a largi scale for distribuiiou
to farmers I he has also worked out a simple and effective way
of putting the cultures on to the seed. The bacteria travel safelv
and are still vigorous at the end of their journey: indeed a pack-
age of them is being sent round the world to see if thei will
tolerate the 12 weeki of travel thereby invotved. The criltures
can_be kept_ on the farm for at least two months before they
need be used.

Althouih no advertising has been attempted the demand
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for cultures has increased rapidly. In f927, 900 were sold, suffi-
cieot to inoculate 6,300 lb. of seed. ln 1928, the cultures were
funher improved so that each one would inoculate twice as much
seed: 1,750 were sold, representing 94,500 lb. of secd or nearly
1,000 acres of lucerne. The business of selling culturcs, however,
is not suited to the Rothamsted organisation; it is, therefore,
being handed over to a trustworthy and efficient firm who are
undertaking to keep close touch with tie Rothamsted workers
and embody in the process such improvements as from time to
time may be effected.

THE ACCURACY OF THE FIELD EXPERIMENTS.
A new method of 6eld experiments was introduced here in

1926 and has been used exclusively in all the new field experi-
ments both at Rothamsted and at Woburn. Its purpose is to
,aet over the difficulty of soil variation, and to measure the prob-
ability that the result is due to the treatment and not to soil
tlilTerences or mistakes by workers. Dr, R. A. Fisher and the
staff of the Statistical Departmeot have worked out suitable
arrangements of plots, the most conve[ient in practice being a
grouping into btocks each of which contains one each of the
proposed treatments, or ;oto a latin square, each row and each
column of which contains one, but no more, of each treatment.
From the figures for yield, a standard error is worked out which
shows the degree of trustwortiiness of the result. A difference
in yield equal to the standard error of this difierence can be
obtained about once in three trials even $rhen the experimenter
is coovinced that he has given exacdy the same manuring and
cuttivation to each of the plots, but a difference twice this size
rvould be obtained by chaoce only once in 22 times: it is there-
fore much more likely to be true. The chances against the
difference in vield being due to causes other than the difference
in treatment aie:-

For difference equal to its Standard error
double

3tol
22to1

three times 370 to I
four times 16,780 to I

For most agricultural purposes a chance of about 30 to I is
good enough. The " standard errors " given in the follorving
iables are those for the yield values, and they have to be multiplied
by 1'll4 (i.e., r'2) in order to give lhe standard crror of the
ditrerence between treated and untreated Plots-the 6gure one
usually wants. To attaio a probability of 30 to l, a difference
must be roughly three times the standard error given in the
tables. 1

The method necessitates a large number of plots: during
thc vear 1928 there were at Rothamsted and Woburn:-

Cereals
Potatoes

... 240

... 250
Sugar Beet ... ... 222

Remarkable accuracy can, however, be obtained: in 192?,
the potato experiment of eighty-one plots testing difierent quanti-
ties of nitrogen and different quantities and kinds of Potassic
fertiliser had a standard error of only 1.14 per cent. The values
for all the experiments so far done are given in Table I.

-, 

F"u R"p".t.
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'Ihe standard error per plot is, for a number of the experiments,
about 5 per cent. of tlle average yield; for others, including those
on mangolds and sugar beet, about 10-15 per cent., the larger
errors being at W'oburn, One of t}re many advantages of the
method is to show up the faulty experiments and so indicate the
oeed for improvement. Thus the increased error in the wheat and
potato experiments at Rothamstcd in 1928 as compared with
i927, was traced to certain special circumstances which were
fully investigated and will be sedulously avoided in future. The
increased error for the Woburn barley in 1928 has oot yet been
explaioed.

The large number of plots treated alike in any one experiment
enables the average yield for this treatment to be determioed much
more accurately than could be done with only one plot. Conse-
quently, the " Standard error of the mean," the 6gure which is
quoted in the summaries of results of experiments (pp. f3l-175')
and which varies ioversely with the square root of the number of
plot yields averaged, is much lower ttlan the staodard error of a
single plot, as is seen by comparing the two adjoining columns of
the Table, It is, for many of the experiments, only It to 3 per
cent., while for most it is less than 5 per cent.

Efforts are now being made to improve the accuracy still
further by eliminating the waste occurring at harvest and during
cartage and storing : a method has been worked out in the Plant
Physiological and Statistical Departments which has the furth€r
advantage of reducing the labour of harvesting; it consists in
taking, just before harvest, a large number of samples from
measured lengths of the rows, chosen at random, weighing them,
and, for cereals, threshing in a miqiature machine. The rest
of the crop is then left to be harvested in the usual way, but no
measurements need now be taken: tJle whole labour of separate
harvesting, separate stacking, and separate threshing, with all
the losses involved, is eliminated, A comparison of the new with
the old method was made last year and will be carried out on
a much larger scale this year: at present, the method seems
distincdy promising in providing more accurate figures, better
samples for analysis, and speedier results than could be obtained
before.

The great advantage of knowing the standard error is that
the figures for yield can be safely used for a wide range of
PUTPOSeS,

At present, tiey are being correlated with the meteorological
data, the methods of collection of which have been constantly
improved. 'Ihis enquiry has been extended beyond the scope of
our own station. Dr. Fisher has developed appropriate statistical
metiods for working up the masses of meteorological and crop
data that have already accumulated in this country, aided by Dr.
trVishart, who has supplied tables for testing the significance of
results reached by means of these methods, while Mr. J. O.
Irwin, working under the Ministry of Agriculture Crop Record-
ing Scheme, is studying the problems connected with the tech-
nique of observation.

1 FulI Report.
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PLANT GI{OWI'H AND gUANTll'y OF FER'I'ILISERS.
Of the many attcmpts to find the relationship between the

amount of plant growth and the quantity of fertiliser applied,
the most widely discussed is the attractive ooe of E. A. Mitscher-
Iich, which, however, is open to some criticism. Professor Bal-
mukand, rvorking in Dr. Fisher's laborator.y, has shown that the
results may be expressed in terms of two constants, one reprc-
senting the importance of the Dutrient to the crop, while tlre
other represents the amount of nutrient the crop can extract from
the unmanured soil. The 6rst of these coostants is presumabl_y
a crop and even a varietal factor, and the secood is a soil factor:
the coostants promise to afrord a means of estimating both,
and so of expressing numerically both the crop need alld the
amount of available plant food in the soil.

DETAILED L.{BORATORY AND POT CULTURE
INVESTIGATIONS ON FERTILISERS.

The laboratory work is carried out io the Chemical Depart-
ment by Mr. R. G. Warren and Dr. H. L. Richardson, under Dr.
E. M. Crowther, and the pot culture work by Dr. W. E.
Breochlel' and Miss K. Warington.

Cyananide. No experiments had been made at Rothamsted
with this substance since 1920 and, as the method of manufac-
ture has considerably altered, an extended series of investiga-
tions lvas begun in 1927 and is being continued, The modenr
material is practically free from the dicyanodiamide which used
to cause much trouble, and it is also easier to handle than the
old samples: it still needs, however, to be applied a few days
before sorving. In our experiments, it has been as effective as
sulphate of ammonia on barley at Rothamsted, but less on
potatoes at Woburn and sugar beet at Colchester. The incre-
ments in crops for I and 2 doses of cyanamide and of sulphate
of ammonia have been :-
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The comparison is made ou the basis of the increments
and not of the yield figures: it therefore carries all the errors
of the experiments and acquires valitlity only as data accumulate.
'l'he very low value at Wobum in 1928 is probably fictitious and
arises from the circumstances that the increment for sulphate of
ammonia was abnormally high, being indeed the highest we
have ever obtained.

Much work has been done in the Chemicai Department by
Dr. E. M. Crowther and Dr. H. L. Richardson on the dccomposi-
tion of cyanamide in soil. The first reaction giving urea is brought
about by some chemical change not understood: the urea then
changes rapidly to ammonia and this, through the action of micro-
organisms, is oxidised to oitrate,

While the general course of the decomposition is probably
the same in all soils, the rate at which it proceeds varies in
difereot soils. The most striking result is the delay in the forma-
tion of nitrate even after all the cyanamide has decomposed: the
ammonia remains unnitrified for some long time, In spite of
this, however, plants make good growth, suggesting that they
are using the ammonia,

Ammonium Chloride.-The experiments described in the pre-
ceding pages ald the carlier reports, show that ammonium
chloride is, in general, superior to ammonium sulphate in equiva-
lent amounts for cereals and, so far as the experiments have gone,
for sugar beet but not for potatoes. Further ioformation is
being accumulated.

tlrea. This substance compares very favourably with
sulphate of ammonia in equivalent quantities; it has the advan-
tage of high concentration, containing 46 per cent. of nitrogeu
against only 20.6 in sulphate of ammonia. Further, it has less
tendency to make soil acid,

Bosic Slag. Mr. R. G. Warren has shown that a solution
of sodium chloride afiords a better means of assessing the agri-
cultural value of basic slag than the official 2 per cent. citric acid.
Basic slag increased the amount of manganese in the barley
grown in pot experiments : if it did the same for oats it might be
expected to cure the " grey fleck " disease, which is attributed
to denciency of manganese. The manganese in the slag, hor,-
ever, did not appear to increase the yield of barley.

Su?erphosphate. In spite of much experimental work by the
staff of the Chemical Department, no indication can be found
that superphosphate ever makes a soil acid, Farmers in the
west country and io the north maintain that it increases the
liability to fioger and toe in swedes: on this we have hitherto
been unable to make experiments.

Dr. Brenchley has shown (in confirmation of Gericke's earlier
work) that barley utilises phosphate for increased growth only
in its early stages of growth, although absorption of phosphate
continues almost throughout the whole life of the plant. Early
sown barley can utilise phosphate for at least l2 weeks (varying
with different varieties) while later sown barley cannot, its period
of utilisation being shorter, Further, the period during which
phosphate can be withheld without injury is louger for early sown
than for late sown barley. These advantages in favour of early
sowing have not previously been recognised.
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Sodium Silicate. Sodium siticate has long been shown to
benefit the barley crop at Rothamsted: evidence is now obtained
that this is due to an action in the soil enabling the plant to
take up more phosphate, rather than an actio; in the plant
enabliog it to use phosphate better, as was previously supposed.

Elements need,ed, only in srnall arnouflts. The necessity of
boron and of manganese in small amounts has already 6eeo
demonstrated in earlier reports. Recently, R. V. Allison, in
Florida, obtained striking crop increases by the use of copper
sulphate on certain Florida " muck " soils, which appareDtly
resemble some of our fen and peat soils. Dr. Brenchley has made
trials on a number of crops on these soils, but found no response
to copper sulphate: there seems, therefore, no likelihood of it
proving use{ul here.

SOIL CULTIVATIO.\-.

The experiments oo soil cultivation follow three general
lines. Measurements are taken in the field of the draught or
drawbar pull of the implement and of the effect it has had on
the soil. Laboratory experiments are made to study the physical
properties of the soil, including stickiness, tilth, its relations to
water, air and temperature, and so to explain the field observa-
tions. Finally, field experiments are made to test other and simpler
methods of achieving the same results as present-day cultivation
methods.

Earlier work had shown that heavy dressings of chalk, such
as were formerly given in Hertfordshire, markedly reduced the
drawbar pull necessary to get a plough through tle soil. The
smaller dressings now customary have been tried during the past
three years : five tons per acre of 6nely divided chalk and 30 cu,t,
per acre burnt lime ; but at Rotlamsted neither caused any appre-
ciable reduction in drawbar pull, though another property was
afiected, as shown later.

Among the attempts to simplify cultivation, the rotary culti-
vator is one of the more promising: it achieves in one operation
what the usual implements do in two or three, and thus ofiers
the possibility of reduction in cost. It proved better in 1926 than
either the ordinary ridge or flat cultivation for swedes during the
first part of their growth, but not afterwards; the rotary cultivated
plots then "capped " or hardened considerably; ordioary cultiva-
tion methods were used for the succeeding barley in 1997, but
th6 effect of the 1926 rotary cultivation was still visible and was
entirely benefcial-a residual efect that was riot expected and
cannot yet be explained. The values for yields were:-
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In 1928, swedes were again grown, but on different land:
this time, however, rotary cultivation caused oo " capping " and
no difierence in growth, as compared with ordinary cultivation.
This variation of result with season vr'as expected, and is being
studied: the bad effect in the summer and autumn of 1926 is
not easily understood. The rotary cultivator produced in each
year as nearly as can be measured the same degree of disintegra-
tion of the soil as ordinary cultivation, except when the soil was
in an unkind or difficult condition for cultivation: ifl this case
rotary cultivation was less effective than the ridging plough,
The experiments further showed the value of the ridging plough
in breaking up an unkindly soil.

The purposes of cultivation are threefold: (l) the formation
of tilth, (2) the conservation of moisture, (3) the suppression of
'lir'eeds. It is not agreed how closely (2) and (3) are lioked, but
it is certain that weed suppression is an important function, and
this has been studied by Dr. Brenchley and Miss Warington
on the permanent plots of both Woburn and Rothamsted. One
of the chief factors is the time the weed seeds can live in the
ground. Cultivation encourages the germination of Black bent
(Alopecwts agrestis). Poppy (chicfly Papaoer rhoeas), however,
survives much longer in the soil: its seeds are still germinating
in a sample of Broadbalk soil taken in 1925 and continuously
cuttivated ever since in a glasshouse, where contamination is
reduced to a minimum. The seedlings are remoyed as they appear,
so that no fresh seeds reach the soil, yet already the number of
plants appearing has been at the rate of 33 millions per acre on
the plot receiving no nitrogen and up to 205 millions per acre
on one of the completely manured plots.

The Pinoiples ol cultitation: the ,neanitug ol tilth.

- A great deal about cultivation must remain obscure until rre
know what it does to the soil and how it does it. The science of
cultivation is only in its infancy, and is far behind the science
of manuring I advice can be given only empirically and tenta-
tively. The subject is, however, steadily being devetoped by
Dr. Keen and his stafi, Dr. Schofield, Mr. Scott-Blair and Mr.
Cashen. The mechanical principles involve the movements of
layers of soil against and over each other and against the metal
surface of the implement. Special methods have been designed
for working these out: measurements are made of the Static
Il.igidity, i.e., the energy required to cause a soil paste just to
flow; and of the viscosity (more strictly pseudo-viscosity) of the
paste once it has begun to flow. The measurements of static
rigidity are closely related to the observed Draw Bar Pull, but
represent onlv ons g1eu, of the factors iovolved, e.g., a dressing'
of one ton per acre of slaked lime reduces the static rigidity,
but not the dynamometer values.

" Single ualue " soil constai.ts- The only method at present
available for the physical specification of a soil is mechanical
analysis, but this is tedious, and the results have only a qualita-
tive value- Attempts have been made from time to time to
develop other simple measurements of some single property (or
group of properties) easily expressed by a 6gure, and thus serving
as " single-value " soil constants. The subject has now been
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re-opened at Rothamsted- The " sticky polnt " (i.e., the mois-
ture cooteot at which a plastic mass of soil and water is just
about to become sticky) is promising. It is closely correlated
with the loss on ignition which may be taken as an approximate
measure of the amount of the organic and the inorganic colloids :
it is not, however, correlated $/ith the percentage of clay. The
amount of moisture in a.ir dry soil is correlated with the percentage
of clay, but not with the loss on ignition, i.e,, not with the total
colloids: this moisture is tierefore presumably held in the mioute
interstices between the small particles. On the other hand, the
clay aod the sticky point, and the ignition loss and the air dry
moisture content, are significantly correlated. These results indi-
cate two ways in which the water is held in the soil. The organic
and the inorganic colloids control the sticky point, while the
minute ioterstices betq'een the small particles control the air dry
moisture content. Confirmation has been obtained by repeating
the measurements aJter treating the soil with hydrogen peroxide
to remove the non-structural organic matter. 'fhe two values are
therefore of help as a means of soil specification, and an extended
co-operative comparison of them for many different soil types
has been agreed to by the Interna'tional Society of Soil Science.
This work will be controlled from Rothamsted.

THE CONSTITUENTS OF THE SOIL.

The Otgoflic MatteL
For some years past the chemical changes occurring during

the decomposition of plant residues in the soil, and eipecially
those concerned in the formation of humus, have been studied b1'

Y.. H.J. Page and his staff, G. V. Jacks, C. E. Marshall,
C. W. B. Arnold and others.

Lignin is the main, though not the only source of humus, but
the plant residues apparently humify as a whole.

Humus is very complex in composition, and its efiects in the
soil are not yet fully known. There is an important difierence
between the humus of the soil and that of leaf mould and peat:
while all three kinds of humus yield up ferric iron after hydrolysis
with acid in boiling solution, ioil humus gives ter.ous iion aiso,

Now iron may play an important part in the oxidation pro-
cesses in the soil: for example, the artificial production of humic
acid _from lignin by atmospheric oxidation io strongly alkaline
solution takes place only ir, the presence of organically'combined
lron.

The clay and the rcaction ol the soil.
The reaction of the soil is closely associated with the amount

of the bases. particularly calcium, tirat ran be replaced by other
bases when the soil is mixed with a salt solution, Mucir work
is being done on the amounts of these replaceable bases in the
Woburo soils.

The exchangeable calcium is greatly reduced by sutphate of
ammonia, and slightly increased by nitrate of sodi, superphos-
phate and farmyard manure. The exchangeable potassium iJvery
low: it is hardly aflected by nitrate of soda or sulphate oi
arnmonia in spite of the fact that this reduces the calciuor, but
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it is much increased by farmvard manure. A method is badlv
needed for estimating the extent to which the soil is saturatei
with bases, or, alternatively, the extent to which thc bases have
been replaced by acid hydrogen: attempts are being made to
solve this probtem by mixing the soil with excess of calcium car-
bonate and extracting with sodium chloride.

_ The most widely used and most convenient way of measur-
ing the reaction of the soil is the quinhydrone 'electrometric

method. Miss Heintze and Dr. Crowther uied it for a series of
Gold Coast soils and obtained clear and definite results at least
one-third o{ which subsequently proved to be quite erroneous.

The trouble was traced to the manganese dioxide present in
certain soils in a form which reacts with the quiohydlone pro-
ducing a base and a corresponding reduction in icidiiy. Siniilar
errors have been found in English soils and merhods of detecting
and avoiding them are being worked out.

SOIL MICROBTOLOGY.
The investigations in soil microbioloev fall into two maio

divisions: (l) th; study of the micro-organilms living in the soil,
their kinds, numbers, mode of life, their various aitivities and
their relation to one another.

(2) A detailed study of soil micro-organisms directly affectins
plants: the nodule organisms of the-leguminosa, organism"s
parasitic on plants and producing diseases.

- The chief groups of soil micro-organisms are: bacteria.
fungi, including actinomycetes, alga, protozoa and nematodes:
all are studied ar Rothamsted except ihe nemarodes, which are
left to the lnsritute of Helminthology, St. Albans, ihough it is
hoped to effect some co-operation tith this body as thi work
is now beginning to sufier through so artificial i restriction.

All the organisms, except some of the protozoa, feed on the
organic matter in the soil, some of tiem alio ferment part of it:
in either case, they decompose it, producing humus, nitrates,
piosphates and compounds of calcium, potassium ind othei
elements of great importance in soil fertility. Soil micro-organisms
are, to a large extent, the producers of soil fertilitv, thoush thev
also reduce it by assimilating to themselves nit.ates ant phoj-
phates that would otherwise serve for plaots. It is this close
connection with soil 

_ 
fertility that .iustifies the extended study

made of them at Rothamsted,
Broadly speaking, fungi predominate in acid soils and

bacteria in reutral soils, and of the substances they decompose
fungi assimilate more, build up more protoplasm and- retain more
nitrogen than do bacteria: they are less economical as plant food
producers because bacteria convert more of the orga;ic matter
into carbon dioxide, water and ammonia. For thiJ reason tess
of the nitrogen can be nitrified in an acid than in a neutral soil.

There is considerable difficulty about estimating the numbers
of fungi and sludying their activity: Dr. Brierley has shown how
to obtain comparable data under strictly contiolled conditions,
but the results have no absolute value and rhe higher figures are
not intrinsically more probable than the lowei ones-. More
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can be dooe with the bacteria. Their numbers can now be
estimated by Messrs. Thornton and Gray's direct method much
more rapidly and completely than before: when the counts were
first made at Rothamsted by the old plating method, a usual
estimate (kocwn, however, to be very incomplete) was 10-30
millioas per gram, and tie experiment took ten days to comPlete :

now the estimate (which, however, includes dead organisms) is
1,000-5,000 million per gram, and the experimeDt takes only two
hours. The numbers are related to those of the protozoa; thev
are high when the protozoan numbers are low, and low when lhe
protozian numbers are high: this is because the protozoa feed on
ihe bacteria. The " nutritive values " of the various bacteria
difier; for one of the most 'r nutritious " ao increase of 3,400
amtxbe (Haimonetla hyalina\ per gram involved the disappear-
ance of 1,441,000 bacteria, i'e., something over 400 bacteria were
consumed to produce one amceba. The effect of the Protozoa.on
the decomposition of plant residues by bacteria and fungi is being
studied: ii apparentlf difiers according as the action is a fermen-
tation or a consumption for food.

One of the moit far-reaching factors in the situation is that
micro-organisms need adequate supplies of nitrogen and of phos-
phate an"d can decompose carbohydrate orrly in propo-rtion to the
amounts of lhese substances present' This is the fundamental
orinciole underlying lhe making of farmyard manure. Straw
is or.ri unde. thi animals as litter and, being mingled with their
excretions, is decomposed by micreorganisms to form the familiar
black, sticky substance knrNvn as humus. In doing so, however,
the orsanisms assimilate some of the ammonia of the excretions,
conue.iing it into their body tissue, in which form it is insoluble
and some"of it is not easlly nitrifiable. Thus the nitroSen in farm-
vard manure is of three' kinds: the original complex nitrogen
lomoounds of the straw and solid excreta; simple and easily nitri-
fiable comooun<ls {urea and ammonia) of the liquid excreta: and

complex nitrogen compounds of the bodies of lhe micro-organisms
derived from these simple compounds. Not all of this nitrogen
is readily nitri6ed; Dr. Jensen, in the Bacteriological I)epart-
ment, shorvs that only the excess of nitrogen over.a certain
amounl is quicklv nitrihable. the proportion o[ non-nitrifiable and
therefore l.is uscful nitrogcn depindins on the lmounl of carhon
present and also on the reaction of the soil. In a neutral or
alkaline soil, for every 20-26 parts of carbon, one part of nitrogen
nitrifies only slorvly; for an acid soil the figures arc one- part
nitrogen foi e.rerv 13-18 parts of carbon' This accords with the
observation that' farmyard manure is much more efiective in .r

ne:rtral than in an acid soil, and it explains why farmyard manure
and other plant residues conlaining less lhan about 1.5- per
cenl. nitrogeo in the dry matter suPPly very little nitrate and are
therefore oi iittle help in soil fertilitl', thus emPhasising the very
serious nature of the losses vrhen the soluble nitrogen comPounds
in farmyard manure Are leached out by rain.

A iticiol [armyoril mawre. This fuller knowledge of t]re
mechanism of ihe decomposition of cellulosic materials is not onll
useful in the manaSement of farmyard maoure: it forms the
basis of a method of producing an artificial farmyard manure,
closely resembling the ordinary material. Straw need not be
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