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Effec'ts of Potassim, Magnesim and Sodim Fertilisers and Lime on the Yield and
Composition of Crops itr a Ten-year Experiment rt Rorhrrnst€d

J. BOLTON

I-awes and Gilbert included magnesium (plus sodium) treatments in all of the Rothamsted
'Classical' experiments, but yields of cereals, roots and grass were not significantly
increased. Rothamsted soil has therefore been considered to contain enough magnesium
for both arable crops and pasture. However, magnesium deficiency symptoms have been
seen in some seasons, especially on the leaves of more susceptible crops such as potatoes
and kale which were not grown before 1962 on the 'Classical' plots. The magnesium
nutrition of crops is much influenced by potassium and large dressings of potassium
fertilisers can increase magnesium deficiency, but there are insufficient treatments in
these long-term experiments to measure the efects of magnesium at different levels of
potassium fertilisation.

To study potassium-magnesium interactions on soils likely to contain enough mag-
nesium for crops (at Rothamsted), or less than the optimum (at Woburn), two long-term
experiments were started by P- W. Arnold in 1959 and 1960- At Woburn yields of many
crops were increased by magnesium fertilisers (Bolton & Penny, 1968). This paper
summarises the results of the Rothamsted experiment from 1959 to 1968.

The experiment

The site was in Sawyers Field where applications of lime and fertilisers have been res-
tricied to those necessary for experiments. The soil is therefore more acid and contains
less phosphate and potassium fertiliser residues than most other soils on Rothamsted
Farm. Since liming was necessary to obtain reasonable yields, and crop responses to both
potassium and magnesium fertilisers can be atrected by liming, two levels of chalk were
included in the experiment. There vere eight replicates of a 32 factorial, K x Mg design;
four replicate blocks were given more chalk than the other four- Table I gives the
amounts ofcalcium carbonate, potassium and magnesium sulphates applied each year, and
the sequence of crops grown. The initial 1959 liming raised the soil pH from 4'6 to 5'l
and 5'5 in the low and high lime plots respectively. Further liming before the clover was
planted in 1962 raised the pH to 5.6 and 6'4 by 1964. In 1966 the design was modified
to include sodium treatments in six ofthe eight replicates. This resulted in two interlinked
33 factorial K x Mg x Na designs at different soil pH and two blocks without sodium
treatments. The sodium comparisons were between none, sodium chloride and sodium
carbonate, not between different amounts of sodium. Basal nitrogen and phosphate
fertilisers were given to all plots (fable l). The 1968 crop of ryegrass was grown with
basal N and P only, to evaluate residual effects of the K, Mg and Na fertilisers given in
previous years.

Each plot was 19.8 x 4.3 m (0.0085 ha) and there were I m paths between the blocks.
Samples of harvested crops were dried overnight at 80"C, ground and 0.5 g subsamples

dry-ashed at 450'C. Potassium, sodium and calcium in HCI extracts of the ash were
measured by emission and magnesium by atomic absorption flame spectrophotometry.

The soil, derived from Clay-with-flints, is classified by lhe Soil Survey of England and
Wales as Batcombe Series. It is a brownish silty clay loam with slightly impeded drainage
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in the subsoil. Some anallnes of topsoil from a discard area near the experiment are
shown in Table 2.

TABI,E 2

Analyses of the soil (Batconbe Seies) 0-23 cm
Mechanical compositiotr

% Coare olFine
sand saad
14 40

pH
% Silt lClay (wate!)
23 2t 4-6s

Total catioDs

%K %Ms %Ca,

1.1 0.3 0.4

Exchangeable cations
KMgCa

n'ai lm C

4.7 3.4 134

SoiI core samples were taken 23 cm deep with at least ten cores from each plot in 1961,
1964, 1967 and 1968. The soils were air-dried, sieved (< 2 mm) and 5 g subsamples
leached with 75 ml of N-ammonium acetate adjusted to pH 7.0. Cations in ttre leachates
(made up to 100 ml) were measured by flame spectrophotometry, with standards made
up in ammonium ac€tate and suitable buffers added (Salt, 1967). pH was measured in
1 : 2.5 wlv soil : water suspensions.

R€sdts

1. Crop yiekls. The ryegrass in 1959 and the clover in 1962 were so slow to establish that
only samples were cut and no yields were measured. Yields ofdry matter (t/ha) for the
other years from the main fertiliser treatments (averaged over all plots) are shown in
Table 3. Interactions between the fertilisers were generally unimportant and are not given.

Potassium fertiliser increased the yields of all crops but the magnitude of the response
varied. In 1960 ryegrass yields were increased by 0.+4.6 tlba (4J l) and the following
year by 0.9 t/ha (40 f) when only two cuts were taken- In 1968 when ryegrass was again
grown to measure the effects of fertiliser residues, yields were very large (average 16.2
t/ha of dry matter) even on the untreated plots and potassium increased yields by about
1'8 tlha (l2l). These responses, as in the Woburn experiment, were smaller than for the
other crops. Kale lelds were increased less (,t-l I l) than barley (lM|%) and clover
(30-40%\ The most responsive crop was potatoes which yielded litfle in plots not given
potassium fertil.isers. Growth of the potatoes was satisf,actory during a wet June but in
drier weather in July and August severe potassium deficiency symptoms appeared on the
leaves. By mid-August the tops on K0 plots were dead and deficiency symptoms were
present in the K1 plots and some Kz plots. The order in which the crops responded in
yield was potatoes > clover : barley > kale : ryegass-a similar order as at Wobum
(Bolton & Penny, 1968).

Only barley responded to the magnesium fertilisers. Grain yields were inueased about
3l in 1965 and by a surprisingly large 25\ in 1967.|n the nearby Hoosfield Continuous
Barley Experiment grain yields have always been between 1 and 5 cwt/acre larger on the
NPK Na Mg plot (4/A) than on the NPK plot (5/A) (Warren & Johnston, 1967).
Potatoes were the most responsive crop to magnesium at Wobum but no increases in
tuber felds were measured in the 1964 crop at Rothamsted, even with the largest potas-
sium dressing-possibly because all yields were low (mean 16.6 t7lha of fresh tubns) in
ttris very dry season.

The sodium carbonate treatment lessened barley yields in 1967 especially on the more
acid plots. Kale and ryegrass yields were unaffected by the sodium fertilisers, even where
no potassium was giYen.
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The extra lime given to four blocks of the experiment increased kale yields by 9"1 n
1966 and barley yields by 501 in 1967. Thes€ two crops are generally considered more
sensitive to soil acidity than ryegrass or potatoes. The latter crop lelded less on the
plots given most chalk and least potassium:

Total yields offresh tubers (tlha)

Car i', ,f; #'nC.az 5.3 18.3 U.7s'E +052

Interaction eflects of liming and potassium on yields of potatoes have been observed in
other experiments at Rothamsted and Woburn (Bolton, 1971).

2. Crop composition. Percentages of potassium, magnesium, calcium (and sodium frorn
1963) in the crops are summarised in Table 4. Potassium fertiliser increased potassium
and decreased magnesium in all crops except potatoes. In this case, I Mg in the tubers
was increased by the potassium treatments (Table 5)-an effect noticed also in the
Woburn experiment. Addiscott (1972) has recently investigated this effect.

The percentage ofpotassium in ryegrass has been suggested as an indicator ofthe need
for potassium fertiliser, but in this experiment yield responses were not always related to
% K in the dry matter. The response was small wirh 2.0%K in ttre gass but with
l.l f K, yields were increased by 35\ in 1961 (second cut) but only by 8.1in 1968
(second cut). Hylton, Ulrich and Cornelius (1967) suggested that sodium as well as
potassium in the grass must be considered and NowakowskJ (1972) has shown that
sodium and potassium are interrelated in their effects on the yield and composition of
ryegrass, but sodium fertiliser residues did not increase yields in 1968, even when no
K-fertiliser had been given. Unfortunately the early ryegrass crops were not analysed
for sodium.

Magnesium fertiliser increased concentrations of magnesium in the crops but other
nutrient concentrations were unaffected. Percentages of magnesium in grass and clover
are important in ruminant nutrition and the dry matter should contain 0.2%Mg to
eliminate the risk of hypomagnesaemia (Rook & Rowland, 1962). These crops of rye-
gass contained less than this in all except the 3rd and 4th cuts in 1968 given the most
Mg-fertilisers. There were large interaction effects between the potassium and magnesium
fertilisers on I Mg in the grass. Some examples (fable 5) suggest that it would be difrcult
or impossible to produce maximum yields of grass containing the minimum requirement
of 0.2 % Mg in the dry matter. The clover contained much more magnesium than ryegrass
or kale.

TABLE 5

Efects of potdssium and magnesium fertilisers on concentrations of magneium in the
hdrvested crops

1960 1968
Cut 3 Cut 1 Cut 4

Clover
1963

Cut I

0. 11
0.14
0.09
0.12

+0.002

Cut I Cut 3
Potatoes

1964
Kale
1966

Ko Mgo
Ko Mgr
Kr Mgo
Kr Mg:

s.E.

o.t2
0.16
0.09
0.12

+0.003

llMe tn dry $ ttet
o.l2 0.19 0-290.16 0.21 0-490.11 0.16 0.190.14 0.t8 0.31

o.32 0.060 0.120.50 0.070 0.770.25 0.085 0.100.36 0.093 0.14

Ryegrass

r06
-0.004 a0.008 +0.103 +0.010 +0.0010 +0.006
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Extra lime given to half the blocks slightly increased \ Ca. in the crops. As with
magnesium, the largest differences in calcium contents were between the diflerent crops'

Sodium concentrations in crops grown after 1966 were affected more by potassium

than sodium fertilisers, especially in the kale tops and barley straw (Iable 6). There were

no differences between effects of the two forms of sodium fertiliser.

TABLE 6

Efects of potdssium and sodium fertilisers on sodium conce lrdtions in the hdtvested Uops

Kale 1966 Barley straw, 1967 *'"ffi'rl''ut 
Potatg lgbers,

196/.'ONa*ONa*ONarO

o 0.53 0'68
Kr 0.15 0'18
Kz 0'08 0 11

% Na io dry matter
0.58 0.81 0.77 1'13
0.16 0.26 0'50 0'70
o.t2 0.18 0.37 0.28

0.032
0.030
0.040

* Mean of NaCl and Na2CO3 treatments

3, Soil analyses. The results of exchangeable cation and pH measurements made on soils

sampled in 1,961, 1964, 1967 and 1968 are summarised in Table 7.

Eichangeable K in air-dried soil from plots not given potassium fertiliser remained

fairly conitant at 3'8-4'5 mg/100 g throughout the experiment despite the removal- of
586 tg/ha in harvested crops. This is less than measured in the nil and NP plots of other

'Classical' and long-term exp€riments at Rothamsted'

S.E. +0.060 +0.068

Exchangeable K (mgl100 g)
NiI NP
plot plot
lO.2 82 JohostoD, 1969
8.7 6'2 Wa en & Johdstotr, 1967
8 6 Warretr & JohDston. l9A

18 12 Waren & Johrston, 1962
10'4 Johr$ton & Penny, l9?2
6.3 65 WilliaDs, 1973

Broadbalk (wheat)
Hoosfeld (barley)
Park crass Grass)
Bamfield (root ctops)
Agdell (rotation)
RefereDce plots (rotatioD)

Potassium in the treated soil was increased most in 1967 but the large crop of ryegrass

in 1968 feeding on the residues lessened exchangeable K in the Kl plots almost to the

same as in thek6 plots. Exchangeable K in the Kz plots was also lessened from 14'8 to
8.3 mg/100 g by the flnal ryegrass crop. Assuming- the top 0-23 cm of soil weighed

3a00 t/ha, tfus corresponds to a loss of 220 kg/ha of potassium. The harYested ryegrass
actualiy contained 480 kg/ha, therefore some potassium was removed from non-exchange-

able resources or from the subsoil during 1968.

Exchaugeable magnesium in plots not given magnesium fertiliser remained between

3.4 and 5.5 mg/100 g throughout the experiment despite removals in the crops equivalent

to 2.4mgll0d g in the topsoil. This could indicate some release of non-exchangeable

maglesi;; or-uptake from the subsoil. Part of the difference can be accounted for by

malresium in thi rain (about 2'5 kg/ha annually). .Soil.from, plots given the most mag-

nesium fertiliser containad l0'9 mg/100 g ofmagnesium in 1961 and l5'1 in 1967 but only
12'2 kell}O e after the ryegrass crop in 1968.

Excf,angdble calcium in the Car plots was only slightly-more-in the 1968 than in the

1960 samfles despite the application of Z'35 tlha of Ca as chalk. In the Caz plots in 1968

there werl hrge differer,ceiln both pH and exchangeable Ca remaining from the chalk

dressings given in 1959 and 1961. 
l0Z
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4. NuEient balances. Total removals of potassium, sodium, calcium and magnesium in the

harvested crops and gains or losses by the soil calculated from the soil analyses (assuming

0-23 cm of topsoil weighed 3400 t/ha) are shown in Table 8. From these data and the
total nutrients given in the fertilisers, unaccounted gains or losses from the system were

calculated.
Plots untreated or given least potassium fertiliser (Kr) gained potassium from non-

exchangeable or subsoil reserves. A small proportion (3 /) of the fertiliser potassium was

lost from the topsoil of K2 plots. Relative to the K0 plot, 70 % of the fertiliser potassium

was recovered in crops in the K1 plots and 55 f on the Kz plots' Less than 10fo remained

as exchangeable potassium in the topsoil.
Magnesium wai lost from plots giYen both amounts of magnesium fertiliser but without

added magnesium 88 kg/ha was recovered from non-exchangeable reserves, from the

subsoil or from other sources. As already mentioned, about 25 kg/ha would have been

added in ten years rainfall. Extra magnesium in the crops from the fertilisers was less

than 7l ofthe magnesium added as fertiliser to both the Mg1 and Mgz plots. Increases

in exchangeable magnesium in the topsoil were equivalent to about half the added

magnesium at both rates.
Average annual losses of i 74 kg/ha of calcium from the Car blocks and 304 kg/ha from

the Caz 6locks were probably caused by leaching. Assuming that all the calcium in basal

superphosphate dressings was leached, the aYerage loss of CaCOg was 458 kg/ha (3'6

cwi/acrel it a pH of about 5'2 and 724 kgiha (5'8 cwt/acre) at pH about 6'4. These could
be overestimaies because N-ammonium ac€tate may not have dissolved all chalk particles

remaining in the soils from the initial dressings.

Discussion

The results of this experiment emphasise the importance of maintaining adequate
potassium in Rothamsted soil, and the need for liming when acid-sensitive crops such as

lale or barley are grown. The need to apply magnesium is still uncertain as barley was

the only crop to give increased yields on the magnesium treated plots. Potatoes and kale

are usually considered more susc€ptible to magnesium deficiency than badey, but they
did not respond to the added magnesium in this experiment' Poor yields of potatoes,

even on tha Kz plots, might have inhibited the maglesium response although no defi-

ciency symptoms were evident on the leaves on any plot. Symptoms were seen on kale

leaves in some plots in September 1966.

Magnesium iertilisers might be justified because of their efects on I Mg in fodder
crops. Ho*ever, tlese results show that if sufficient potassium is given to produce

maiimum dry matter yields of grass or kale, it is probably impossible to attah the 0'2%
Mg in the dry matter needed to eliminate risks of hypomagnesaemia and grass tetany.

It -seems 
necessary therefore to use magnesium supplements of some kind to avoid

deficiency diseases in cattle or sheep grazing high-yielding ryegrass pastures or kale. By
contrast, the clover crops contained adequate magnesium concentrations even when

grown with much potassium and without magnesium fertilisers.- A reasonable compromise between including magnesium in annual fertilisers for crops

such as barley and the application of no additional magnesium, would be to use mag-

nesium limestone (> 4%Md instead of cbalk (0'l2l Mg) when liming is necessary

about every five years. The extra cost would be less than applying kieserite or calcined

magnesite directly to susceptible crops. Magnesium residues from fertilisers remain for
many years after application and only occasional applications- should be necessary.

These results support the recommended soil analysis classification (Ministry of Agri-
culture, Fisheries and Food 1967) under which this soil would be in the'medium'
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category (3 6 mg/100 g of exchangeable magnesium) rather than .low, or .high, in
magnesium available to crops. On soits in this category deficiencies of magnesium are
expected occasionally on sensitive crops and periodic liming with dolomite is recommended.

Summary

On an acid, potassium deficient silty clay loam, potassium fertiliser increased the yields
ol rye$ass, clover, potatoes, kale and barley. Increasing the soil pH to 6.5 instead ;f 5.4
(from an initial pH of 4.6) increased the yields of barley and kale but not of the other
crops. Magnesium fertiliser increased yields of barley only and sodium had no eflect.
Crop analyses suggest that it would be difiicult to produce maximum yields ofryegrass or
kale containing the 0.2% Mg in the dry matter considered necessary to prerloi hlpo-
magnesaenria in ruminants.

Potassium other than exchangeable K in the topsoil was removed by crops given none
or the smaller amount of potassium fertiliser. Some extranaeous magnesium was also
recovered from plots not given magnesium fertiliser but there were losses from the treated
plots. Calcium equivalent to 460 and 720 kglha, of limestone (3.6 and 5.g cwt/acre) was
lost annually from topsoil Iimed to pH 5.2 and 6-4 respectively.
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