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Banfield
In spite of a very dry spell at the time of drilling, a good plant was

established on all plots, rather slowly on plots without farmyard
manure. The crop later sufiered from drought, and \yilting was
greatest on the \vell-manured plots where the leaf area was relatively
high. Yirus yellows was severe; spraying agaiast the aphid vectors
was not possible because of the risk that drifting insecticide would
affect an adjacent experiment on an insect pest.

L ey--ar able e xf eriments

As in recent years, the plots of 3rd-year lucerne were poor,
especially on Highfield. OI the two lucerne plots which reached
their 3rd year in 1958 one was ploughed up early in that season
because of the heaq' attack of wilt (Verlicillium). The wheat
grown in 1959 on these two plots difiered greatly in the degree of
lodging; after 2 years lucerne and a l-year fallow lodging was
severe, but alter 3 years lucerne only about l0% of the area
was lodged. The leld of grain was higher after the I year's
Iallow.

CoMBINE.DRILLING NITRoGEN FoR SPRING CER.EAIS

by H. V. Garner

The advantages of combine-drilling phosphorus and potassium
fertilisers with the seed of cereals was clearly shown in field experi-
ments during and after the War. The practice was so convenient
and successful that it has since become alrnost standard on the better-
equipped corn-growing farms. If nitrogen was put through a com-
bine-drill at all it vr'as in the form of a mixed fertiliser with a strict
limit on the maximum content of sulphate of ammonia, usually not
more than 0.2 cwt. N/acre. This was quite suitable for winter
cereals because most of the nitrogen would not be applied till the
spring, but spring cereals presented a problem because the new
varieties needed far more than I cwt. of sulphate of ammonia/
acre, and it would be convenient to apply the whole of the
nitrogen through the combine-drill with the phosphate and potash,
rather than to go over the ground 6rst with the phosphate and
potash and later with the nitrogen. Experiments on spring wheat
and barley were therefore made at Rothamsted and Woburn
similar to those initiated by G. W. Cooke and F. V. Widdowson
in 1954.

The desiga and rates of dressing were the same for all experi-
ments. A basal dressing of 0.511 ctt. PrOu and 0.54 cwt. KrO was
applied as granular fertiliser by combine-drill. Sulphate of am-
monia was applied at four levels (0.0O, 0.22, 0.54, and 0.72 cwt.
N/acre) either through the combine-dril1 as part of a granular NPK
Iertiliser (whose PK provided the basal dressing) or broadcast
immediately after sowing the seed. In spite of careful calibration,
the scheduled amounts of nutrients could not alwa!.s be exactly
applied, but the discrepancy was seldom large. The broadcast
nitrogen was always made equal to the nitrogen drilled. The
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FIELD EXPERIUENTS SECTTON 16I

granular fertilisers used were 0 : 16 : 16 * at 3.4 c$t-; 5 : l2l : l2l
at 4.3 cwt.; 8 :8 :8 at 6.8 c\trt.; and 12 : I :9 at 6.0 cut./acre.

TABLE I
Rairfall, and. cukilations; s!"ing wheat and ba zy, 1957-59,

Rothamsted (R'1 ann Wobun (Wl
Sr.inq@Lat BqLr

S"*inS PEvi@ SosDg Plevis

R 1957
R. 1958
R. 1959
w. 1957
w. 1958
w. 1959 Bade,

Ar Rolhatsred Ko8a II spnDs *heal w.s srcEa and H.rla bdlpv, excDt in 1s59. sb6 il *as
ho.ld. Ar \robm rb" spntrg ibpar qe P.[o ud the bdlr] H.fl:.

The spring cereals rvere sown on dates well within the normal
range on both farms. In 1957 seedbeds were poor, as the previous
winter was free from frost. Germination waLs uneven and early
growth slow. Later the crops were afiected by the long spring
drought. The crops of 1958 had a much better start, for the spring
seedbeds were the best for many years, but from Jurte onwards the
weather was dull and wet, with very dificult harvest conditions.
In 1959 there was plenty of moisture in the seedbeds and early
growth was good; this was follorved by a long, bright summer. In
all three seasons there were full, even plants, giving low standard
errors. Nitrogen efiects were very striking. There rvas no lodging
at Rothamsted even in the \r'et summer of 1958, but at Wobum the
heaviest dressings of sulphate of ammonia lodted the barley in 1958-
The factor most likely to influence the result of a healy dose of
soluble salts drilled with the seed was the moisture in the soil at
sowing and for a few weeks afterwards. The total rainfall for the
months of l\larch and April roughly indicate this. There was a big
range: in 1957 these months $ere particularly dry showing a deficit
of 2.25 inches at Rothamsted and 1.94 at Woburn; 1958 was near
the average; but in 1959 these two spring months were wetter than
usual by 1.30 and 0.88 inches respectively. It happened therefore
that the manures were tested in dry and in wet springs, and on a
heary and a light soit. The Rothamsted experiments were scored
Ior general appearance when the crops were in full vegetative trovth,
usually in early June, and again just before harvest. The most
obvious effects were req)onses to nitrogen; the plants without
nitrogen were short, thin and pale green: the first level of nitrogen
improved growth considerably, but was clearly insufficient, for in all
experiments the plots receiving the second level ol nitrogen looked
still better. In 1959 the plots with the most uitrogen looked by far
the best. These early differences persisted till harvest, but on a
somewhat reduced scale, and were reflected in the yiekls.

At Rothamsted also the plots with combine-driled nitrogen always
looked as well and mostly better than those with the same quantity
of broadcast nitrogen. At Wobum in 1957, the only year when
the obsersation was made, barley was visibly depressed by the

' The 6rst tr8ure is the percentage ol nitrogeo (N), the second phosphorus
as P,O5, the third potassium as KrO,

L

datc date
2 April SpEing Fbat r Aprit
3 April Sp.i.g sb6t 3 Alril

l0 March WiDt.r sh@t tg Meh
23 MaEh

rr April F.llo, 3 April
,I Uarch Spdlg wb€t ,0 lteh

kinl.u (iDch6)
Oct.- LEh D.vi.tid
Fcb. + April lno t@
ll.l8 1.58 -2.2A,13.30 3.ll -0.7011.97 6.10 +1.30
0.06 l.[7 -1.9]tll.t6 3.o7 -0.4110 0{ 1.trs +0.E8
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heaviest dose of nitrogen combine-drilled. Table 2 shows the effect
of increasing doses oI nitrogen, averaging both metho& of appli-
cation.

Tesr"r 2

Spting wheat and barlry, rcs?onses to nitrogeu, Rothamsted (R) and
Woburn (W), grain cut.laae, 1957-59

(Rates oJ dressing N1 0.22 clrt., N, O.54 cwt., Nr 0.72 cwt./acre.
Meatr of both methods o{ applicatioD)

Siing uheat :
R. rs67
R. tg58
R. 1959

Mean

... 16'l +6.4... 9.9 +5.8... l3.r +6'3... r2.7 +5.8

Yield
CeDtre atrd Year No N Nr-No

Response to
N,-N. N,-N.

+1.6 0.0
+6.8 -0.8+6.5 +4.6
+5.0 +r.3

w. 1958
w. lg59

Meatr

+5.0
+9.4
+7.2

12.6
IS

I1.2

+1.6 +1.4+6.0 +2.6+3.8 +2.0

Bart y :
R. 195?
R. 1068
R. 1950

Mean

20.6
19.0
l4.l
17.9

+8.2
+8.4
+8.0
+6.9

+3.8 +1.4+11.3 +0.1+0.0 +7.6+8.0 +3.0

w. 1957
w. lg58
\['. 1959

Mean

... zt.a +3.1... 20'0 +7.8... t2.7 +10.0... l8.r +7.o

+8.4 + 1.2
+7-4 - 1.0
+7.6 +3.0+7.r + r.4

Both crops on both farms responded well to nitrogen. A notable
feature was the lorv yield of spring wheat without nitrogen, only
12 cwt./acre on the average of the 5 experiments; barley grown on
the same fields yielded more than the wheat and averaged 18 cwt./
acre. The smallest dressing of sulphate of ammonia, O.22 c't{t.
N/acre, gave large and approximately equal returns vrith both
cereals, a mean increase of 6.7 cwt. The further response to the
second dose oI nitrogen was also substantial; the extra 0.32 c\it. N.
gave an additional5.0 c\at. of wheat and 8.0 cwt. barley at Rotham-
sted, and 3.8 cwt. oI wheat and 7.1 crt. of barley at Woburn. The
final increment of 0'18 c$'t. N gave much smaller retums, except in
1959, when the responses ranged from 26 to 7.6 cwt. grain/acre.
Yet even this firri 0.18 cwt. N on the average more than paid for its
extra cost.

In 1957 and 1958 some of the responses to nitrogen may have
reflected the control of take-all, causedby Ophiobolus graminis, bnt
there was little of this disease in 1959.

The very large nitrogen efiects and the small errors allow the
efiectiveness oI sulphate of ammonia when combine-drilled and when
broadcast on the seedbed to be assessed. Table 3 gives the difier-
ences between the two for each rate oI application.

At Rothamsted combine-drilling sulphate of ammonia gave
larger yields of both crops ir every year. In 1958 on wheat and in
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TABLE 3

Spring whcat and barlcy, Rothamsted (Rl ant Woburn (W'), 195749
(Combircdrilled sulphate oI amEoDia ,rirr.s broadcast)

crain (cwt./acre)

Nitrogen applied (curt./acre)
0-54 0.72 S.E.

+r.0 +2.3 l.3o +1.4 0.?5
+4.8*. +3.1.. 0.66 tl-t++ O.3t
+0.8 +r.5* 0.64 *r.z+r 0.37
+2.2 +2.3 +2-A

Mean ol
all rates S.E.0.22

S?ring ukat:
R. 1957 --. +0.7
R. 1058 ... *6.3.
R. rs59 ... +r.2

Mean ... +2.4

w. 1958
w. 1950

I\Iearl

... -0.3... +0.r... -0.1

_5.0*. _2.0r. t.00 _2.8** 0.58

-l.t -0.8 0.92 -0.6 0.63

-3.0 -1.8 -1.7
Barle! :

R. 1957
R. 1958
R. 1950

llean

... +1.3... +0.8... -0.3... +0.6

- 1.1 +0.r+r.2 +0.8
+4.4** +1.8+1.5 +0.9

r.46
I.60
l.l9

+0.r
+0.9
*2 0*
+1.0

0.84
092
0.69

\4'. r95? ... +0.2 -0.9w. 1058 ... +0.3 +2.6
w. l05s ... +0.6 +r.8

Mean ... +0'4 +1.2

-3.7. 1.53 -1.4 0.88
+r.0 1.26 +r.5 0.73
*3.1. r.20 *1.9. 0.69
+0.4 +0.7

1959 on both crops the advantage from combining the fertiliser was
on the averaEe nearly 2.5 cwt. grain/acre and the individual values
were statistically sigaificant. In the other three exp€riments the
difierences between methods of application were generally small.

At Wobum, where spring wheat was grown in two seasons only,
combine-drilling 0.&l cwt. or 0.72 crvt. of N gave lower yieltls than
broadcasting in both years, and in 1958 the difference was highly
significant. Barley gave less-consistent results. In the dry seed-
beds of 1957 combine drilling at the trlo higher rates was inferior to
broadcasting, but in the conditions of 1958 and 1959 the advantage
was with combine drilling. Even when the higher rates were in-
jurious, sulphate of ammonia drilled at I cwt./acre was always at
least as emcient as when broadcast.

To see whether soluble salt drilled with the seed afiected ger-
mination and early growth, plants were counted when tillering began.
The best determined values were at Rothamsted in lg58 and on both
farms in 1959. Seedbeds were fairly moist in both these seasons,
and spring rainfall was also up to average. The mean plant popula-
tion of spring wheat was 1.2 millions/acre; sulphate of ammonia
broadcast at any of the three rates lowered the plant number; the
mean oI all experiments was a 60/o decrease below the controls,
although the fertiliser more than doubled the yield of grain. Only
at Wobum did the population on the drilled and broadcast plots
difier significantly. At the highest level of nitrogen the broadcast
plots had 27o/o more plants than the drilled, but the yield difierence
was only 0.8 cwt. grain/acre. Barley averaged 1.0 million plants/
acre; broadcast nitrogen a-fiected plant numbers much less than
viith wheat. Plant population was not consistently affected by
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broadcast nitrogen, and drilled nitrogen was not noticeably harmful;
only one big effect was obtained, and this was in favour of drilling.

In 1957, a dry year, plants were counted at Rothamsted. The
efiects were less well determined than in the other years, but sul-
phate of ammonia drilled at the highest rate gave fewer wheat plants
than when broadcast; on barley, efiects were smaller and in favour
of drilling.

For both spring wheat and barley at Rothamsted sulphate of
ammonia was generally more efiective when combine-drilled than
when broadcast. At 3l cxt./acre, the highest rate tested, the mean
advant€e in far-our of combine drilling was +2.3 c\rt. of wheat
grain and 0.9 cllt of barley, even though the plant populations were
sometimes decreased by combine-drilling. At Wobum combine-
drilling rvas less Iavourable, particularly in the dry year 1957, v/hen
the heaviest dressing of drilled nitrogen gave a yield of barley
significantly below that given by broadcast nitrogen; in 1958 the
same happened with spring wheat. In the wet spring of 1959 barley
beneited from drilling even the heaviest dressing of nitrogen.
Combine-drilling a small dressing (0.2 cwt. N) was never harmlul at
lVobum.

FARMYARD MANURE AND lTS INTERAGTIoNS wlTH FERTILISERS

by H. D. Patterson & D. J. Watson

Eight experiments of uniform desigl were made to measure the
responses of crop yield to increasing dressings of farmyard manure
and how they depend on fertiliser applications, and Irom these
relationships to assess how far the efiects of farmyard manure can be
ascribed to the plant nutrients it supplies. Another purpose was to
compare the use of farmyard manure on potatoes and sugar beet, so
experiments with both crops in the same field were made at Rotham-
sted and Woburn in 1956 and 1957. The treatments were all com-
binations of:

Fa.rmyard manure: 0, 5, 10, 20 tons/acre ploughed in during
the winter;

N: ammonium sulphate at 0 and 0.9 cwt. N/acre;
P: superphosphate at 0 and 0.75 cwt. Pp'/acre;
K: potassium chloride at 0 and I.5 cwt. Kp/acre;

and for sugar beet only,
S: agricultural salt at 0 and 5 qit./acre.

The NPK fertilisers were broadcast in the seedbed and the salt was
broadcast some weeks earlier, Each experiment had 4 randomised
blocks of l0 plots (i.e., two replicates for potatoes and a single re-
plicate for sugar beet).

Tables I and 2 show the mean yields of potatoes and sugar beet
over the 2 years and distinguishes between rates of famyard manure
and rates of those fertilisers that were efiective. The tables also give
responses to manure oI l0 tons farmyard manure/acre, averaged
over the whole range of rates of application, for each fertiliser
treatment.
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