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sowing gave a similar big response to N in 1964; the mean yield of plots
given I cwt N/acre was almost twice that of plots given 0'4 cwt. In 1965
and 1966 increasing the amounts of N decreased yield with all methods of
sowing.

Conclusions

The conclusions drawn from these experiments are:

l. Yields of winter wheat were nearly the same, however it was
sown; yields of barley were a little larger from +in. than from 7-in.
rows, and a little smaller from broadcast than from drilled seed, but in
1965, in dry weather, broadcasting gave much smaller yields at Rotham-
sted.

2. On these fertile soils there was no advantage from combine-
drilling NPK fertilisers for winter wheat or PK fertilisers for spring
barley.

3. Sowing l,{O lb seed/acre always gave a larger yield of winter wheat
than sowing 2,10 lb; yields of barley were also larger with the smaller
seed-rate when the seed was drilled, but not when it was broadcast.

4. The largest amounts of N (0'8 and 1.2 cwt N/acre) caused the
wheat to lodge (it followed well-manured potatoes) and decreased yield;
with barley the best amount of N depended on the previous cropping,
but the largest amounts given caused lodging and loss of yield on the
most fertile soils.

5. Changing seed-rates and amounts of N afected yield more than
changes in methods of sowing.

The Effect of Chalk on SoiI pH anil the Yield of Beans

By J. R. MoFFATT

The acreage of beans in England and Wales is increasing, mainly because
of the necessity for "break" crops in rotations where cereals predominate.
Most factors aflecting their yield have been investigated, and two main
reasons for their greater reliability and larger yields are the use of systemic
insecticides to control black aphids, and residual weedkillers. Water is
important, and in dry seasons irrigation is needed to give good yields,
especially on light soils.

Another, less widely recognised, factor aflecting the yield ofbeans is the
soil pH, a measure of acidity, A few years ago beans grew poorly in
patches at Rothamsted and Wobum where the only known difference
from other parts of the field was in the soil pH, though acidity was not
thought enough to be the cause. To find whether pH ditrerences within
this range affected beans, experiments were done at Rothamsted and
Woburn in fields initially acid.

The first experiment at Rothamsted ran for three years (1961-63) on a
site where in 1960 pH ranged between 5.9 and 6.3; five pH values were
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produc€d by applying four amounts of finely ground chalk (through tin.
mesh) of 471 neutralising value, in December 1960, half before ploughing
and half after. The effect of the carbonate on the pH value over the 3 years
of the experiment was:

TABLE I
pH range

Ground chalk : tons/acr€

01234
Before chalking 6.M.1 5.9-$.2 6.0-6.3 5.9-6 3 6.0-6.2
After lst Crop 6.G-6.3 6-5_6.6 6.8-7.0 7.0-7.2 1.0-1.4
After 2nd Crop 6.2-6.5 6.M.6 6.7-4.9 6.8-7.3 1.1-1.6
After 3!d Crop 5.3-5.4 6.5-6.8 6.9-7.1 7.11.4 1.1-1.7

There were four blocks each of five plots; the plots were 60 ft long and
14 ft wide.

Spring tick beans (Garton's 30B) were sown in 196l at 200 lb/acre and
winter beans (Garton's S.Q. Pedigree) in 1962 and 1963 at 275 lblacre.
Each year 3+ cwt/acre of a 0 : 14: 28 granular compound fertiliser was
placement drilled. The rows were 2l in. apart.

The spring beans in 196l were sprayed with "Metasystox"; winter beans
\vere not sprayed in 1962, but were sprayed with rnenazon in 1963. The
site of the 1963 crop was sprayed with simazine in December 1962 at 1

lb/acre (a.i.).
Five rows ofeach plot were combine-harvested in 196l and 1962. The

1963 crop suffered badly from the hard winter; two blocks had to be dis-
carded, from another only one row per plot was harvested, and on the
fourth the rows harvested were fewer than planned.

In 196l the spring beans on the more acid plots were lighter in colour,
less tall and generally less vigorous than the others; visual differencr in the
winter beans of 1962 were small, though there were rather fewer plants on
the acid plots, and they were shorter. Chocolate Spot (Botrytis spp.) was
widespread in 1962 and hastened leaf-fall, but it oc.urred late and had
little effect on yield. The date of leaf-fall differed greatly on different plots;
by ll August about 80f of the plants on the most acid plots had lost all
their leaves, bt only 7l had done so on the least acid ones. In 1963 the
plants were so damaged by frost that visual observations were not made.

TABLE 2

Grain (at 85\ DM): artlaue
cround chalk: tons/a6e

0
6.3

r5.0
26.3
r 0.3
11.2

123
6.6 6.9 1.1

4
7.3 MeanMean pH

1961.(+0.82)
1962 (+0.65)
1963 (+2.83)
Mean

22.0 22.5 r9.8
31.9 30.7 29.4
27-3 21.1 20.1

a1.t 21.O 21.1
* SprinS bcans.

Each year the beans in the pH ranges above 6.7 yielded best; those on the
most acid plots yielded poorly.

11.9 2t.7
28.1 29.9
16.7 18.5

2U9 23.4
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In 1961 and 1962 bean plants were pulled from a 2-ft length of each of
the five harvested rows; in 1963 five lengths were taken from fewer rows,
but on one block only one length per plot was taken. The stalks, pods and
number of beans were counted.

There was little ditrerence between treatments in the number of stalks,
but the plants on the most acid plots had fewer pods and beans; there was
an average ofjust under three beans per pod in all pH ranges.

Other experiments were done at Rothamsted and Woburn on the same
site in each of the three yearc 1962-&. Each site was old arable land
which had not grown beans for many years; the soil was acid and deflcient
in phosphorus and potassium. The soil at Rothamsted was a clay loam;
at Wobum it was light and so usually considered unsuitable for beans.

Three amounts Q, 4 and 6 tons/acre) of finely ground chalk (through
{-in. mesh) were given in spring 1962 to produce four pH ranges. At
Rothamsted the initial pH ranged between 4.8 and 5.6, at Woburn between
5.6 and 6.3. At Rothamsted 4 tons of chalk brought the soil to near
neutrality, at Woburn 2 tons. Soil samples taken after the first crop
showed that the pH at the higher ranges was smaller than desired. At
Rothamsted a further 2 tons of chalk was given to the highest range
belore the second crop was sown; at Woburn 1{ tons was given to the
highest range, and I ton to the second highest.

TABLE 4
pH range

Ground chalk: tons/acre

Rothamsted

Before chalkhg
After lst crop
After 2Dd crop
Alter 3rd ctop

Wobum

Bcfore chalking
After lst ctop
After 2nd crop
After 3rd crop

Each year there was a comparison of no phosphate v. 0.5 cwt PrOr/acre
as superphosphate, and no potash y. 1.0 cwt Kro/acre as muriate of
potash; the treatments were cumulative. In 1964 broadcastitg phosphate
and potash was compared with plac€ment drilling; a basal dressing of 0.25
cwt N was broadcast as "Nitro-Chalk".

In each field there were two randomised blocks of 16 plots each; the
plots were 60 ft long and 21 ft wide.

Spring tick beans (Garton's 30B in 1962 and 1963, Garton's Pedigree in
243

0
4.8-5.2
4.8-5.2
4.8-5.2
4.8-5.1

2
4.9-s.3
6.M.4
5.#.2
5.5-6.1

4
4.8 5-4
6.8J.2
6.3-7.2
6.3 1.3

4 0 (b€fore
lst crop)

+0 75 (before
20d crop)

5.7-6-3
6.9.,.4
7.2t.5
7.1 1.4

6 0 (before
lst crop)

+ 2-0 (before
2nd qop)

4.9-5.6
1-|J.4
7-2t.4
7.3-1.5

6 0 (before
lst crop)

+1 5 (before
2nd crop)

5-7-{.9

7.3-8.0
7.5 1.6

o2
5.66 0 5.7-t 2
5.1-.6.2 6-7J.1
5.G5.9 6.5-6.9
5.3-5.7 6.H.E
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1964) were sown at 200 lb/acre each year; in 1964 at Woburn they re-
placed winter beans that had been damaged by birds. Rows were 2l in.
apart in 1962 and 1963, and flve rows were harvested;in 1964, when rows
were 1O| in. apart, ll rows were harvested at Rothamsted and eight at
Woburn. They were cut by combine-harvester.

Each year the ground was sprayed with simazine at I lb/acre (a.i.); in
1962 and 1963 the crops were sprayed with "Metasystox", but not in 1964.

At Rothamsted the summer of 1962 was drier than usual, and though
much rain fell in the second half of July, it came too late for the bean
crop, which yielded poorly. In the dull, wet summer of 1963 the beans
grew well and continued to do so into the wet autumn. The crop ripened
unevenly and there was some shedding. In the wet June 1964 beans grew
well, but in the warm, dry weather in July and August they stopped glow-
ing and ripened earlier than usual.

None of the years favoured beans on the light Woburn soil. In 1962

early differences were few, but during the very dry weather in June and
early July the crop on the acid plots lost some colour and gew slowly. By
mid-July many of the lower bean leaves had turned yellow and dropped.
In 1963 May, June and July had little rain and the crop grew slowly. The
leaves of the plants on the most acid plots tumed yellow before the end of
July, and there was a late bean-aphis attack. In August the plants, especi-
ally those on the acid plots, died prematurely in patches and lelds were
small. In 1964 the plants looked short and stunted, probably damage by
the residues of simazine applied for the failed autumn sowing. May and
July were dry, but the wet June enabled the crop to produce a reasonable
yield.

As beans had not been grown on the sites for many years, the plots were
divided in 1962 to compare uninoculated seed with seed inoculated with
Mizobium leguminosarum.Inoculation had no appreciable effect on yield.

At both Rothamsted and Woburn the plots giyen both P and K yielded
increasingly more as the pH increased to about pH 7, but above this
yields were less.

At Rothamsted P always increased yield on the neutral plots, but

TABLE 5
SptW beans Rothamsted and ll/obtm

Grain (at 85% Dry Matter): cwt/acre (PK plots)
pH range

Rothamsted
4.4-5.2 s.8-5.3 6-7J.2

1962 (+3.0r) lo5 t6-7 19.9
1963 (+2.42) l2.O 22.O 4.9
t9@(+2.s2) l5.l 21.6 22-8

Mean (+1.54) 12.5 m'l 22.5

Woburn

1.1-:l'5 Meao
18.0 16.3
24.8 20.9
19.2 19.7

m.7 t9.0

5'G5'9 6'5-4'9 6'9-1'4 1'3-7'6 Mean
t9a (+t.73) 17.2 20.8 18.9 m-9 19.4
1963 (+1.68) r4.7 22.9 11.1 19.7 18.?
t964 (+t.t5) 22.1 22.3 17.8 17-2 19.8

Mea4 (+0.89) 18.0 22.0 l8.l 19.3 19.3
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decreased it at pH 5.5-6.4. In the other ranges the effect varied from
year to year. Potash increased yield on all plots except the most acid,
where it decreased yield in two ofthe three years. At Woburn the responses

to P were small but mainly positive each year; K lessened the yield on the
two alkaline plots in 1962, but in 1963 and 1964 it increased yield on all
plots. At both farms the increase from potash was more when phosphate
was given.

TABLE 6

Spring beans Rothamsted and lVobum
Summary of results

Grah (at 85% dry matter): cwt/acr€
Means over 3 years 1962-64

4.V5.2 5.5-6.4 6.3-1-3 7-l-1.5
12.6 18.6 2l.O r9.4

(+l 09)

12.7 2G0 2t.r 18.3
t2.5 t1.r 2l.O m.5

Rothamsted
pH range

Mean
(+o'71)
NoP

P
NoK

K

pH range

Mean
(+0 44)

NoP
P

NoK
K

Mean
17.9

(+0 54)

18-0
17.8

16.9
18.9

l3-2
12.O

NoP

t1.o 19.5 r8.l20.2 D..6 m.7
P

(+0 77)
17 3 16.6
18.8 19.0

5.3_6.2 6'5-7 1 6'9-:1 5 1'2-8'0 Mean

15.4 11.1 16.2 17.2 16.6
(+0.62) (+o 3l)

l4.t t7.t 16.3 16.5 16 0
16.8 18.2 16.1 18 0 17 3

14.4 15.4 15.3 16.6 15 4
16.6 20.0 17.2 l'l-9 17 9

NoP P
(+0'44)

No K 15'6 l5'2K 16.5 19 3

P : 0'5 cwt PrO5 as superphosPhate
K : I 0 cwl K'O as mu.iate of Potash

In 1964 at Rothamsted and Woburn the plots given both P and K were
subdivided to compare powder fertiliser broadcast (rates and material as

in 1962 and 1963) and plac€ment drilling of a granular compound
(0 : 14 : 28) to give about the same amount of P and K. Both methods
gave the same yield in each experiment.

In 1962 and 1963 at Rotlamsted and Woburn bean plants were pulled
from five 2-ft lengths in the harvested rows; in 1964 at Rothamsted when
rows were l0| in. apart, three 2-ft lengths were pulled. The stalks, pods

and number of beans nere counted.
245

NoK
K

Wobum
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TABLE 7
Method of application of fertiliserc

Rothamsted and Woburn, 1964
(crain (at 8570 DM): cwr/acte

pH range
Rothaosted

4.8-5.1 5.8_5.9 6.7

O) and (2)
Broadcast l5.l 21.6 22.8Drilled 15.9 21.5 22.4
Mean (*1'23) 15.5 21.5 22.6

Wobum

7.3-1.s

19.2
2t-9
20.0

MeaD
(+0.34)

19.7
m.l
19.9

5 7 6.G6.8 7.1-1.4 7.5-1.6 Mean

Broadcast 22.1
Drilled 22-3

Meao (+0.6' 22.2

(3) and (4) (+0.79)
n3 17.8 11.2 19.821.4 l7-4 t6.5 19.4
2t.8 11.6 16.9 19.6

(l) (10.68) for ule in venical and diagonal comDaJisons
(2) (t1.80) for use in horizontal and iitemction-comDarisons
(3) (t1.58) for use in vefiical and diagonal comparis6ns
(4) (1I.,14) for use in horizontal and interaction comparisons

As in the previous experiment, the number of stalks in each experiment
was the same at all pH values, though Woburn had fewer than Rothamsted.
At Rothamsted beans in the pH range 4'8-5.2 had fewer pods and beaus;
the number of beans per pod and the l0Gbean weight was slightly less.
At Woburn pods and beans were fewer at pH 5.G6.2, and the loGbean
weight was less. The number of beans per pod was the same at all pH
values. Fertilisers had Iittle effect on the number of stalks, pods or beans.

lt 1964 at Rothamsted with rows 10+ in. apart tlere were fewer beans
and pods on the acid plots, but there were more pods and beans ttran in
1962 and 1963, possibly because there were fewer plants per unit length of
row. Though the loGbean weight was similar to 1962 and 1963, the
harvested yield was not increased. This may be due to sampling errors in
an uneyen plant population or to shedding at harvest. The conclusions to
be drawn from these experiments are:

1. Applying ground chalk to acid soil increased the yield of beans
until the soil was about pH 7.

2. Soil pH had no effect on the number of plants at harvest, but did
affect the number ofpods and the number and size ofbeans. It had little
effect on the number of beans per pod.

3. Phosphate increased yield at Rothamsted at pH values around 7,
but decreased it on acid soil. At Wobum responses were small but
positiYe at all pH values.

4. Potash at Rothamsted increased yield at all except the most acid
pH. At Woburn it usually gave more yield at all pH values. At both
farms it increased yield more with than without phosphate,

5. When placement drilled, phosphate and potash gave no more yield
than when broadcast.

6. Seed inoculated with Rhizobium leguminosarum yielded no better
than uninoculated seed.
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