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TgREE-couRSE RorerroN EXPERIUENT: Rrvrsrp Scnrue,
SUMUARY, 1952-58

by H. D. Patterson
The original experiment was designed to test the efiects of straw,

ploughed into the land in autumn or composted, on a three-course
iotation oI potatoes, barley and sugar beet. Plots receiving straw
and NPK fertilizers every second yeax were compared with plots
receiving the same rates of NPX fertilizers but no straw.

The iesults of the experiment were reviewed at the end of l95l
(Rep. Rothamsl. eQ. Sta. for 1951, P. 135]t. Dr. E. M. Croxther
pointed out that the efiects of straw produced in the exPeriment uP
io that time might be due to nitrogen immobilized by the straw and
potassium proGded by the straw rather tlan to changes in soil
structure or organic-matter content.

To test this h]'pothesis a revised scheme of treatments incorPorat-
ing separate tests of nitrogen and potassium was introduced in 1952.
The cbmpost treatment was discontinued. One-thild of the plots
previously having strau, or comPost were row given 53| cvt.
itraw/acrL ploughed into the tand in every second autumn and 0'2
cwt. N/acre (additional to the treatments and basal dressings men-
tioned below) in the foUowing spring. A further one-third of these
plots was given a dressing of muriate of potash, applied in the
ipring of every second year, calculated to be equivalent to the
ainou--nt of Kp supplied by the straw. The remaining one-thfud
of the old straw oi compost plots received neither straw nor the
potassium equivalent of stran, in the new exlxriment.- 

Nitrogen and potassium fertilizers were applied at two levels
each-0 2.0.4 ct*t. N/acre,0 r.0'5 cwt. KrO/acre-additional to
basal dressings. One-half of all the plots received the lower level
of nitrogen in one year and the higher Ievel in the next; in the other
plots tlie phasing was reversed. AIl plots were sPlit to accom-
inodate the two levets of potassium which altemated between haII
plots {rom year to year. Barley and sugar beet _were not expected
to show large responses to potassium, so hall plots were not har-
vested separately ior these crops. There was no test oI phosphorus
Iertilizer.

The nitrogen and straw (or potassium equivalent to straw) treat-
ments were combined as shown in the following scheme {or one series
of twenty-four plots (treatments shown are additiond to basal
dressings) :

Eveir years
commencing

1952
0.4N

Odd vears Original treatmeAts
commincing Straw -Compost Fertilizers

lg53 Number oI plots involved

0'lN
s + 0.0N

s + 0'6N
s + 0.2N 0.4N0.4N s + 0.2N
Iq + 0.4N

l3
l3
l-

I
I

K.
0.4\

It + 0.4]i
0.4\
K.

S: straria.
K.: potassium equivalent of strar t.
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The amount of potassium in the straw averased 0.45 cwt. K.O/acre.
but this varied from year to year from 0.281o 0.Zl ctt. f]Oiacre.

The basal dressings of N and K were the same as in the;;einal
experiment, but those for P were increased by 0.2 cwt. ppJacie.

Cst.,/acte
N PtOr rqoo0.20
o.2 0.4 0.260.4 0'0 0.6

The fertilizers used, both ,or treatments and basal dressines.
were suJphate of ammonia, superphosDhate and muriate of potaih-
All were applied in the sprhg. -For-potatoes 

the fertilizeis were
broadcast on the flat before planting. -This 

reDresents a deDarture
fr-om the practice in the original experiment, ivhen fertilize'rs were
placed in the furrows immediately Eefore planting.

Tesrr 6

Mean yields ol ?otataes, 195348 (tott"slane)

Basal dr€ssi[gB
Badey...
SuSar beet
Potato€s,..

]Resgrs. Mear yields of potatoes, barley grain and sugar in the
revrsed expenment are set out in Tables Gg. The resultJfor 1952.the rnrtral year of the revised scheme, are not inctuded, because
some,plots did not receive their new treatments until lS53. 

- ------
_ The mear lelds set out in Tables 6-g tend to supoort the h!,r*,_

thesrs that the tota.l immediate efiect of straw pl6righed in if io
reduce avaiLabt nitrogen and increase supplies odpotir.i"-. 

-- --
Nerther barley nor sugar beet showed anv sieniicant resoonse to

potassium, but both crops responded to niiroien. tt" .r"'."""-.-
sponses to 0.4 cwt. N/acre being B.B f 0.27 cit. Larley graii/acre

TMtrr.at8 to I<,O (*ri.(t!)
PrF

..diE
Pnlc.diD! Pota- EU{.r"tbteto€. 5uad b..t rc ba.r

0.5 0.76
t{ 0.16

lian
Diff@c.

S + 0., - G5 0.16
crt,N/.@ 1.0 0.36

M.a
Ditrqt@

& - o.i 0.761.0 0.r5

u*-
Di6@e

- s + 0.2 0.6 0.?6c*t.N/cd. r.0 0.26

r{*-
Dtrqa@

- & 0.6 0.751.0 0.r5

;;-
DirdrEe

OrigiDd tltatnat (10!!-'l):
st.' I cc.opct lrotaizs-ry

Nltrog.c (crt. N/a{c) to potatG
0.4 o.a I ol o.E I o.a o.E

? 64 8,m
7.80 9.la

?.36 8.6'
7.13 9.0?

6.r? E.3l7-50 8.?0

767 8.870.16 o.ra
?.9C e.6'
E"a4 0.En

7.51 8.70
0.37 0.6t

- E'76

- E.ta

7.r1 E tO0.51 0.!9

8.20
0..18

8.05 g.lE
7.96 t0 lt

!.33 - 8.86

- 0.18

- c.te_ t0{o
8{t t.6a

-0{9 o.Dt
841 0.t?8.t3 g.Oe

- 964

- 07r
8.41
7.86

E.37 9.!l
-0{8 0.3,
8.0, 9.218.56 9{O

8.16
-o.f,E

8.r0
8.r7

8.28 9.a30.53 0.{6
au

-0{2
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arrd 6.4 + 0'40 cwt. sugar/acre. Apart trom a small decrease in
the leld of barley at the lower levefof nitrogen, straw ploughed in
during the autumn with an additional 0.2 cwt. N/acre applied in
the spring had Iittle efiect on the yields of the following-&ops of
sugar be€t or barley. Thus the efiect of straw alone, without

TABLE 7

Mean yields oJ bafuy,195348 (ctot. gtainlacre)

OrigiDal ttlatD@t (r9!!-ll5r)
staw I cme*t I r*tiri.ct" -rr

TEtaats to

B.dey hd.diDg potatc

s+ o.r Jti*

Nitios@ (st. N/a@) to batt y:

rlu e; t tl.3 
| 

,6.6 2i.a 3l.l

additional nitrogen, is equal to the efiect resulting from a loss of
about 0.2 cr*t. oI applied N/acre, or possibly a little more vrith
barley.

These results are in line vrith those obta.ined in the orieinal
experiment. Assuming no response to potassium, the responsL to
nitrogen quoted above ald the standard nitrogen responie curve,

Tesrr 8

Mea* yields oJ sugar beet, 195348 (cwt. sagarf aue)

-.'1";;dL+stia' I c"-e"st lrotli*o"ry
TEtDats to

SllaE b..t MiDs b&Ly 0., 0.6 I 0i 0.0 I 02

S + Gr.iL N/....x,_
S + 0., crt. N/.dE

36.5 1r.7 35{ ,,1.7 31.1 17-7

29.1 3t.7

- 3t.2

- 30.6
,0.0
27.1

- 27.2 tO.E

- t6.3 !1.,
- \ 21.7 !1.0

S + 0., crt. N/.@ I ,E., !l.oK. 27.1 3r.0

16.9 ,lt 6ln.7 ar,,
l?.6 !tl.a
s7 0 1u.0
84.9 !a1.6

Nitrog@ (ot. N/a@) to $gar b..t:

the decreases in yield irom straw alone would be exl)ected to be
about 1.2 c\,!'t. barley grain/acre ald about 2.5 cwt. sugar/acre at
the higher level of nitrogen. The actual decreases between lg34
and l95l averaged 1.5 cwt. barley grain/acre and 2.3 c*t. sugar/acre.

Potato€s also respondd well to nitrogen. There were a.lso
appreciable responses to potassium, but these were somewhat irregu-
lar, more so in Iact than would be expected from experimental error.
As far as can be judged, however, the results do not conhadict the
hy'pothesis tbat potatoes benefit from potassium provided by the
straw. Straw together with an additional 0.2 cwt. N/acre applied
to potatoes produced almost as good yields as the potassium equiva-
lent of straw. Thus, if the additional nitrogen merely compensated

,1.' 1ll1
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for losses from immobilization by the stra$', as appears to have
happened with the other two crops, the benefit from the straw was
aUi,irt tte same as that from an equivalent amount of potassium.
The increased yield on application of straw to Potatoes in the original
experiment wis 0'42 toni/acre (at the hither levels o[ nitrogen and
ooiassium), a little but not siSnificantly greater than would be
ixpected irom tbe results of the revised experiment. It should be
reri.rembered, in this connection, that the method of appllng fer-
tilizer to potatoes and the method of planting potatoes were changed
between ihe two parts of the exP€riment.

The revised eiperirnent also provides information on the long-
term efiects ol straw applied every 2 years between 1933 and 1951.
Both sugar beet and potatoes shorved residual efiects of the original
straw trlatments, but there is no evidence oI similar efiects on
barlev,

Ai the lower level oI nitrogen the old straw plots yielded, on the
average, between 1953 and 1958, 2'l = 0'69 cwt. more sugar/acre
than -plots receiving fertilizers only throughout the experiment.
This difierence was considerably decrea-sed by giving 0'4 cl*'t. Niacre.
The old compost plots showed a similar but smaller residual effect.

For potaioes the residual effects were about the same at each
level oI nitrogen and each level of potassium. The mean lelds for
plots receiving fertilizers only since l95l were as follows:

Iueaa yield, f9$-58 (toos potatoes/acre)

Origiral treatment (f 933-51) :
Fertilizers

Strav. Compost otrly
a-2i 8.17 7.47

The difference between the old straw plots and the old fertilizer
plots averaged 0.4O + 0.f44 tons potatoes/acre and is, therefore,
sigrrificant-

It is of interest to consider whether these long-term residual
efiects could be caused by residues of nutrients or by some factor or
Iactors influencing the capacity of the crops to respond to nutrients.
The average amounts o[ N, P and K applied per annum (including
ba-sal dressings) between 1933 and 1951, allowing for losses in com-
posting and nutrients in straw, were approximately as lollows:

TreatE€ot
Stratr
Comlrost ...
Fertilizers only ... ...

Cwt./acre
N PiO6 K,O

... 0.55 0.45 0.80

... 0.45 0.35 0.65

... 0.40 0.40 0.60

Thus the plots originally receiving the largest amounts ol nutrients
in the frrst part of the experiment showed the largest residual efiects
in the second part. Some part of the nitrogen was immobilized by
the straw and compost, and may later have become available to the
croPs.

There are indications that the residual effects may have been
related to supplies of nitrogen- The increased felds of sugar on
the old straw and comlnst plots, relative to the old fertilizer plots,
were about equivalent to those which would be expected from extra
dressings of 0.08 cwt. N/acre and 0'04 c$t. N/acre, respectively.
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AIso, the residual efiects on potato€s in inrlividual years showed a
significant positive correlation with responses to nitrogen. How-
eyer, some factor besides nitrogen is also indicated by the results
for potatoes, because the residual efiects Ior this crop were scarcely
affected by the addition of 0.4 c\rt. N/acre. A proper assessment
of the various possibilities on the basis of feld values alone is im-
possible, but it is at least conceivable that the residual efiects on
potato€s were associated with both nitrogen and potassium supplies,
the response to either nutrient being limited by the availability of
the other.
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