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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
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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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