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ROTHAMSTED REPORT FOR 1962

N from 1.0 to 1.5 cwt decreased the yield of sugar, but after ryegrass
(sown with or without N) yields of sugar were increased by the additional
"Nitro-Chalk". This suggests that using ryegrass as a green manure may
not only increase the yield of sugar directly but also allow more nitrogen
fertiliser to be used profitably.

Without nitrogen fertiliser the yields in the two experiments were not
very different (Iable 4); in 196l responses to N were small, whereas in
1962 they were very large. By contrast, green manures had smaller effects
in the 1962 experiment.

TABLE 4

Sugar beet, sugar: cwtlacre

Meao Meatr itrcrease for: #ffu,
without N: cwt/afie grleo Mean incr€ase for:

N 05 1.0 1.5 manurc T R RN
37.4 7-1 8 9 8.9 37.4 9.1 5.2 1l.l
44.5 D.9 301 D.3 51.9 6.7 07 5.4

Gr€en manures: trEfoil (D, r)€grass (R), ryegrass with 0.6 cxt N/aca€ (Rfg.

The results of the experiments on sugar beet show that green manuring
at Woburn can produce worthwhile increases in sugar yields, even when
the beet is given much "Nitro-Chalk". For this reason, and because
stunted trefoil, providing only G7 cwt of dry matter per acre (and perhaps
0.1 cwt N), gave an increase of 8 cwt sugar it is clear that some unknown
factor is involved. Autumn ploughing, as done on the plots without green
manures, may have depressed yields; this is being studied in a new series of
experiments at Woburn.

The lYobura Market4arden Experiment: $nmrnrry 1944{0

By H. H. Mann and H. D. Patlerson

This experiment was started in 1942 on a soil containing little humus or
nitrogen to study the efects of anaual heavy dressings of four bulky
organic manures on the crops of an intensive market-garden rotation.
Cropping and manuring were changed in l95l and again in 1961. The
experiment is therefore divided into tiree periods: up to 1950, 195l-60
and 196l onwards. This report deals with results in the frst and second
periods. As the fuu range of treatments was not tested until 19214, the
results for 1942 and 1943 are omitted.

Originally four crops were grown in a 2-year rotation as follows (with
dates of sowing or planting, followed by dates of harvesting):

lst phase Globe beetroot (April, July)
Wintercabbages (August,December-March)

2nd phase Green peas (March-Apri1, June-July)
I-eeks (July, January-March)
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From l95l onwards three crops were grown in the two phases, initially
as follows:

lst phase Globe beetroot (April-May, July-August)
Springcabbages (September-October,April-May)

2nd phase Leeks (June-July, March-April)

The spring cabbages transplanted in 1955 failed and were replaced in
the spring of 1956 and later years by early potatoes. In the first period the
b€etroot was harvested as bunched young beet; in the second period the
beet was allowed to mature.

The four organic manures were:

Farmyard manure made at Woburn farm.
Sewage sludge (West Middlesex).
Compost made v/ith straw and farm waste activated by farmyard

manure in alternate layers (compost Cd). The FYM constituted a
third of the total weight.

Compost as in Cd but activated with sewage sludge instead of FYM
(compost Cs).

These were contrasted with plots receiving no organic manures. Each

manure was tested at two rates, 15 and 30 tons/acre applied to the glob€

beet and peas in the first period, and l0 and 20 tons/acre applied to every

crop in the second period. Thus, througbout tle experiment, the total
dressings were 30 and 60 tons/acre every 2 years.

N fertiliser was also tested in combination with the above treatments
at the following rates (cwt N/acre):

Period Form of N crops orE*o No orgaois
lq42 50 SulDhate of ammonia Globe bce! peas o,O2 0,02'04,06' abbases. leiks o: 04 o, 04, 0 8" 1'2'
1951-60 "Nitrcchalk- All cro-irs o'o3 qo3'o6"0'9*

The rates marked with an asterisk were given half before sowing or
planting, half later, for beet, cabbages and leeks in the 2nd period and

for cabbages and leeks in some years of the lst period.
The 20 treatments, consisting of 16 combinations of organic manures

and N and four rates of N in the absence of organic manures, were

a@ommodated on two series of zl0 plots each, one series for each phase of
the rotation.

Basal P and K dressings (superphosphate and muriate of potash) were

broadcast on the seedbed at the following rates:

Period cwt ProJacre cfi Kio/acre
1942-50 Globc b€er, Peas 04 05

cabbaSps, lerks
195l-60 All crops 03 03

Much more N, P and K were added in the farmyard manure than in the

fertilisers (Table 1). Even larger amounts of N and P were added in the
sewage sludge, but this contained little K. Soil analyses by the Chemistry
Depirtmeni in 196O showed large accumulations of P and K on the
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Organic mattcr N P,O.
Maoure (toos/acre) (c t/acre) (c$t/acrp)

FYM 1.52 1.3 1.4
SewaSp sludge 2-33 3.0 3.8
Compost Cd 1.30 l.l l.l
Compost Cs 1.63 1.5 1.9

ROTHAMSTED REPORT FOR 1962

farmyard manure plots and of P on the sewage sludge plots. Farmyard
maoure at 30 tons/acre/year produced a "saturation" level of 30-35 mg
K/100 g of soil to a depth of at least 24 in. (Rep. Rothamst. exp. Sta. fot
1960, pp. 4647).

TABLE I
Estimated amounts of organic matter, total N, P and K in l0 tons of manure

ra!o
(cwt/acre)

20
o.2
l.l
03

Table 2 shows estimated percentages of nitrogen in the top 9 in. of soil
in l95l and 1960. In 1942 the mean percentage was 0.082.1. The l95l
results were reported in detail by Mann & Barnes (1956); the 1960
determinations were made by T. W. Barnes. During the first 9 years of the
experiment amounts of nitrogen on the sewage-sludge plots increased
about three times as much as on the corresponding FYM and Cd plots
and about 50% more than on the Cs plots. In the next 9 years the nitrogen
increased more slowly on plots with FYM or compost and scarcely at all
oD the sewage-sludge plots.

TABLE 2

Nitrogen percentages in the top 9 in. of soil
Rate of

manu!'ing
(toDs/acre/year)Tre3tment

No organics, Do N
l95l

0-089
0 088
o.110
Ol,$
o176
o247
o.122
o.142
0.141
0.182

1960
o093
o099
0.137
at76
ol80
0-259
Gl49
0.173

0.168
o.217

No organics, with N (m€aD of 3)
FYM 15

30
Sewagp sludgp t5

30
Compost Cd

Compost Cs

t5
30

l5
30

Tables 3 and 4 show the mean yields from each crop in the two periods
(total produce except where indicated). The globe beet failed in 1946 and
1953, winter cabbages in 1947 and spring cabbages in 1952 and 1955.

The organic manures produced large increases in the yields of all crops
grown in the experiment except peas. Although the increases were partly
from the much N added in the manures, it is clear that other factors were
also involved. All crops except peas responded to N, but the responses to
the highest rates ofapplication rvere generally much smaller than responses
to the manures.

Factors other than amounts of N that may have contributed to th€
differences in yields between manure and fertiliser plots include:

(a) The very small amounts of P and K given to the fertiliser plots.
Deficiencies in these and possibly other nutrients may have limited
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RaL of

Gloh. t'..t
(1944-45, 1947-50)

(.xcludina uroartctabL produc.)

c*tN/.@ I I
o o.2 lM.ulDin

0944-50)

cs{ N/.@ I I

o 02 I rrr.an I pie

15

30

l5
30

sewaF sl'rd8!

Cobpost CD

Mcer

compost cs

Mc.r

15

30

l5
30

(+0-404)
2.O3 2.75
3.02. 3.16t

4.84 4.90
6.52 6.4

(+0 2EO
2.39
3.09

4.87
5.58

(+0.5?l)
o.72
0.14

0.06
0.t2

(+0.165)
l.8l 1.84
r.E5. r.621

2.r8 2,23
2.n 2.U

(a0.llE)
1.82
1.84

2.tt
2,16

LO.235>
o03

-o+t

-0.15
-o.23

5.6 5.77
(+0 28O

5.72
(f0.202)

0.09
(ro.4o4)

2.32 2.t1
(+o.llE)

2.21
(*0{83} -0.1E

i0.156)

4,21 +U
5.3t 4.94

4.43
5.13

0.43

-0.!7
1.E4 2.U
1.68 1.84

r.94
t.76

0.20
016

4.76 4.79 4.18 0-03 t.76 1.94 l-85 0.18

3.87 4.57
5.71 5.94

1.22
5.E6

0.70
o.24

2.36 2.t
2.6 2.m

2.29
2.t3

-0.14
0.14

4.E0 5.27 5.0,{ 0.47 2.20 2.21 2.2t 0.ol

3 76 3.?3
4.61 5.21

3.71
4.92

-0.01
0.63

2.21 2.tO
2.n 2.t2

2.t7
2.20

0.14

-0.15

4.18 4.4E 4.13 030 2.26 2.tl 218 -0.15

No

FIELD EXPERIMENTS SESTION

TABI-E 3

Mean yields, 194+50 (tons total producelaue)
First crops after organic mqnutes

. 0.4 cvi N/acR t 0'6 c*r N/acc.

Second crops after organic manures
Wint r ebbac.3

(1944-46 1948-50)

cwt N/acE | |o o.r luo" I DiII.

(19{4-50) '
o 0.4 Did.

l5
30

studsE 15
30

cd l5
30

Mat

15
30

(L_o.21O
2.61 4.32
5.21t s.611,

1.17 5.41

5.t2 6.17

(+0.174)
3.48
5.,16

1.79
5.64

(+0.348)
1,69

0.43

1.21
1.05

(*o.l60)
2.20 2.67
2.7t1 2.90t

3.16 3.07
3-84 3.89

(+0.1r!)
2.41
2.80

3.lI
3.86

0.47
o.19

-0.09
0.05

4,64 5.79
(i0.174)

5.22
(:0.123)

l.l5
(t0.246)

3.50 3.48
(ro.ll3)

3.49
(+0.080)

-0.02

5.21 6.56
5.91 1.tt

5.88
7.O4

1.35
0.t4

3.ll 3.06
3.47 1.6

3.08
3.56

-0.05
o.I9

6.09 6.E4 6.46 0-75 3.29 3.36 3.32 0.07

3.87 5.04
4-85 5 91

4.44
5.38

l.t7
r.06

2.89 3.25
3.52 3.50

3.01
3.51

o!6
-0.02

1.35 5.$ 4.92 l.t2 x.N 3.37 3.29 017

3,87 1.97
4.40 6.t7

1.42
5.28

l.l0
t,77

2.49 3.33
3.15 3.t8

3.1t
3.16

o.44
0.03

/1.t4 5.57 485 t.4l 3.02 3-25 3.r4 0.21

. Yar3 of sowils ed |ralr.pladine. t o'E csr N/@. I l 2 cet N/a.ra
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Terr: 4
Meot yields, 195140 (tons tolal producelacre)

Glob.

S.r,.i!

Gtob. b..t
o95l-52, 195,r-60)

cst N/acrc I Io o.r I ucao I oir.

I-Ls (s.lebL produc.)
0951-60) t

cf,r N/rs. r r

o o.r I v-a I pir.

FYM t0
20

IO
20

lo
20

l0
20

(+0.?E4)
1.2r f"tg
8,52. 7.43

9.25 t2.2a
l5.7tt 15.89

(+0.554)
5.Zl
7.98

to.11
16.3t

(+ r.l09)
1.98

- I.09

2.9
l.!5

(*o.t90)
2.55 3.17
4.39. 4.07t

1.17 5.t5
5.77 6.0l

(+0.r34)
3.16
1.23

/t.El
5.89

t.2t
-o.32

0.69
o.21

t2.49 t1.56
(r0.554)

13.52
(10.392)

2.07
(*0.?84)

5.t2 5.5E
(+0.13,4)

5.35
(+0.095)

0,15
).190)

10.99 r r.45
12.61 14 lE

t1.22
t3 39

0.46
1.57

5.OE 5.O2
5.ro 5.39

505
5.25

-0.06
0.29

l l.EI 12.82 r2.30 1.02 5-09 5.20 5.t5 0lr
10.18 12.38
12.35 16.07

11.28
t4.21

2.20
3.72

4.71 J.2l
5.49 5.El

4.96
565

0.50
0.32

1r.27 t4.22 t2.14 2.95 5.t0 J.'l 5.31 0.41

ro.oo 11.95
B.?E 15.29

I0 98
14.53

r.95
l.5 r

+47 s.23
5.20 5.@

5.o5
5.€

0.36
0.:to

I t.E9 13.62 12.75 1.7.1 5.03 5.42 5.22 0.39

Sprioa cabtasEs
(195r, 195!54) .

c*1N/ar. I I
o o.r luooIpr.

Porat6 (rut .s)
(t955_60)

0 0.3 Ditr

FYM

Mc.n

Coopo.r Cd

M...

Compo.r C.

lL.!

IO
20

l0
20

lo
20

to
20

(+0.596)
2.m +5a
6.28t 63tl

5.,{8 5.17
7.11 8.55

(+o.192)
3.4
5.30

5.98
8.05

(*09E4)
2.4
0.03

0.99
t.2t

(+0.260)
4.03 5.38
Ga3l 6.35t

672 7.51
7.?9 a.26

(+0.184)
1.70
&39

7.t3
8.03

+0.36'
1.35

-0.08

0.82
0.47

6.46 7.56
(+0..192)

1.O2
(+0.34E)

l.to
(+0.6Do

7.25 7,90
(*0.184)

7.58
(+ol30)

0.65

7.07 E.19
9.02 10 05

7.63
9.51

t.t2
1.03

5.14 6,75
7.06 7.17

6.59
7.21

0.31
0 3r

8.04 9.t2 8.58 1.08 6.75 7.06 6.90 0.31

5.19 G92
G32 7.90

6.05
7.ll

t.13
1.58

7.45
?.80

5.43
7.39

5.94
7.59

1.02
0.41

5.75 7,11 5.58 1.65 6.91 7.62 7.21 0.7!

5.73 7.21
7.16 8.37

6.17
7.77

1.,13

t.2t
6.59 6.95
7.55 7.A6

5.77
7.70

0.36
o.3t

6.11 7.79 7,12 1.35 7.Ot 7.40 7,24 0.33

. Y..r. oflowi.s alr.l traBDLntiog. t 0.6 c,rr N/so.. t 0.9 c",t N/aci..
r90
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yields and responses to N fertiliser on these plots, whereas plots with
FYM or compost Cd received large amounts ofP and K, and those with
sewage sludge or compost Cs received large amounts of P.

(b) Differences in positions between nutrients added in the manures
and fertilisers. The manures were ploughed in, whereas the fertilisers
were broadcast after ploughing. An indication of possible positional
efects is provided by the significant responses to small seedbed dressings
of N fertiliser on manured plots, even though the manures themselves
contained large amounts of N. These responses were smallest on plots
with sewage sludge, the manure containing most nitrogen.

At pres€nt the eflects of these factors cannot be estimated, but in 196l
the experiment was redesigned to compare greatly increased dressings of
N, P and K fertilisers and dressings of maglesium sulphate with con-
tinued applications of FYM. On some plots part of the N, P and K
fertilisers is ploughed in at the time of ploughing in the manures. Eventu-
ally the experiment may enable aDy effects of FYM other than supplying
nutrients to be assessed.

Among individual manures, the gteatest contrasts were between FYM
and sewage sludge. Sewage sludge gave better yields of cabbages than the
other manures whether applied directly for the crop (second period) or
for the preceding beet (first period). The cabbages responded well to N
fertiliser, and part of the effect of the sludge probably reflected N. The
residual effect of FYM and the two composts applied at 15 tons/acre and
30 tons/acre to the preceding beet (fust period) were smaller than the
effects of seedbed dressings of 0'4 cwt N fertiliser/acre and 0'8 cwt N/acre
respectively. Even when appled directly for the cabbages in the second
period, dressings of 10 tons/acre of these three manures were less effective
than 0.6 cwt N fertiliser/acre. In contrast, sewage sludge was of no value
to peas, the one crop not responding to N fertiliser. The other manures
produced small but sigtrificant effects in this crop.

All four manures were very effective for leeks, beet and potatoes,
giving as good or better responses than N fertilisers at the lower rate of
application and much better responses at the higher rate. The effects on
globe beet in the second period were particularly striking, with responses

to 20 tons manure/acre between two and three times as large as the best
responses to N fertiliser. Provided it was applied at the heaYier rate,
FYM gave larger eflects than the other manures on each of these crops.
Thus, in the second period 20 tons FYM/acre produced about 3 tons b€€t,

] ton leeks and I ton potatoes/acre more than sewage sludge. The cor-
responding eflects of the two composts were intermediate between those
of FYM and sewage sludge.

One of the main purposes of the experiment was to determine whether
yields would improve progressively with repeated applications of the
organic manures. This point can be tested by comparhg the estimated
increases in yield per year shown in Table 5 for plots witl and without
organic manures. Yields of beet and leeks in the second period cannot be
compared with those in the first period because ofthe changes made in the
experiment in 1951. Only beet in the second period shows any real evidence

l9l
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of cumulative effects from the manures. For this crop the rates of increase
in yield were large on plots with organic manures, particularly FyM or
compost, but not on plots \vith fertilisers only. The large rates of increase
in the first period on all plots receiving nitrogen, whether in manures or
fertiliser, must be largely attributed to improvements in farming methods
and conditions in the later years of the period.

Tenlr 5

Mean rutes of increase in yield (tonslacrelyear)
lst period, 194*50

Rate
of

matru.ring
tons/acre/

)'ear

Globc be€t
(saleable)
produce) Green pcas Cabbages I€eks

q.g6 + 0.147 (}36 + (}06r Ol7 + 0123 0.42 +OO72
0.33 + 0085 O-42 *0.037 036 + 0.071 O77 1$0r',2

Treatment
No organics, ro N
No organi6, with

N (mean of 3)
FYM 15

30
Sewage sludge l5

30
Compost Cd 15

30
Compost Cr 15

30
Meao of organics 15

30

No orgaoics, no N
No orgaoics, with

N (mean of 3)FYM 15
30

Serage sludge 15
30Compostcd 15
30

Crmpost Cs l5
30

Mean of oryanica l5
30

0.16 + 0.037 o48 + 0086

o23 + Ot04 O59 + 0.045 0.17 + (}087 0.72 + o05l
0.60
0.59
o65
0.,to
0.34
0.30
o.44

u44
o33
0.23
0.53
o43
o.49
o.s7

o.22
0.38
0.34
0.34

0.54
0.63
o47
0.48
0.46
o.44
0.58

o.28
o.44
o68
0.24

0.76
0.89
0.98
0.69
o66
0.77
0.88

9.18 + 0.052 0.,t8 + 0023 043 + OO43 0.77 +0.0,6o5l o42 (}51 o82

2nd period, 1951-&
I€€ks

(saleable) Potatoes
Globe beet produce) (tubers)

-$lt +0.172 013 + 0.053 0.m +o-12.
-0.02 + 0099 026 + 0.030 c41 + oo70

o33 + 0.121
0.69
o0l
o23
o38
o53
0.55
o8l
0.32 + 0061
o56

o.u 0.08o35 0.41o.28 0.67
o3l + o0l9 0.39 + G043o.21 0.43

From time to time throughout the experiment measurements were made
relating to possible eflects of organic manures on the character ofthe crops.
Analysis of these shows the following contrasts between plots with and
without organics:

(l)-The number of plants of beet/acre on the manure plots averaged
tlo% more than on the fertiliser plots.

(2) The ratio ofthe weight of bulbs of beetroot to whole plants was
increased by abofi q% by the manures.

(3) Marketable beet were produced earlier by the organic manures
than the fertilisers.
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