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To the Editors,
Journal of Agricultural Science

Dear Sirs,
In Volume 136, 407–426, you published a paper
entitled ‘Responses of potato (Solanum tuberosum) to
potassium fertilizers ’ by M. F. Allison, J. H. Fowler
and E. J. Allen. We consider that the authors’ con-
clusions were not justified and they have mis-
interpreted and criticized earlier published work. One
of their criticisms is levelled at the use of exchange-
able potassium (Kex – rapidly plant-available K) to
categorize soils on the basis of the likely response of
crops to an application of potassium (K) fertilizer.
While Kex is not perfect, it is the best rapid method
currently available (Johnston & Goulding 1990). To
support their contention aboutKex, the authors quote
in Table 15 data from Rothamsted experiments done
in the late 1950s and early 1960s. They state that de-
spite the large amounts of K applied in fertilizers and
manures the effect on Kex was relatively small. This
comment fails to recognize that it is the K balance
(K applied minus K removed) that must be related to
Kex, not the K applied, and the inevitable transfer of
part of the K balance fromKex to fixed K (less readily
available K). Warren & Johnston (1962) showed that
on these soil types as much as 60% of the K balance
is rapidly transferred to fixed K.
To further support their contention that Kex is a

poor indicator of yield response, the authors have
taken their Fig. 1 from a paper by Eagle (1967) and
quote the correlation coefficient given there to imply
that % yield and Kex were not related. Eagle’s pres-
entation was based on Bray’s idea that the effect of a
nutrient should be estimated from the loss of yield
between a fertilized and unfertilized plot (Bray 1948).
Thus the equation given by Bray and used by Eagle
gave a correlation coefficient of x0.23. However,
using GENSTAT to fit a similar curve to that shown
by Eagle, suggests that the relation between % yield
and Kex accounted for about 24% of the variance.
More importantly, the critical Kex value (i.e. the level
of Kex at which yield was less than 90% of the
maximum) was reached at about 160 mg/kg Kex (i.e.
at about Index 2).
The authors seek to reject the Rothamsted experi-

ments by implying that the results are invalid because
there was no replication and no standard errors.
Earlier in their discussion they suggest that for other
experiments, differences in yield of < 1 t/ha are un-
likely to be significant. By inference, therefore, dif-
ferences > 1 t/ha could be significant. As their Table

15 shows, in the Rothamsted experiments the average
yield of potatoes on soils with least Kex was 26.3 t/ha
and for a very small increase in Kex the increase in
yield was 10.5 t/ha. On the basis of the authors’ cri-
terion we would suggest that this was a significant
increase in yield for a small increase inKexon soils that
were in K Index 1. The response to freshly applied K
fertilizer, applied on the furrow bottom or on the flat
and worked into the seedbed before planting, ranged
from 6.0 to 14.0 t/ha, with one exception where on the
poorer soil the yield was already near the then national
average. We would suggest that these increases were
likely to have been statistically significant.
In summarizing results from earlier experiments in

relation to current recommendations the authors note
(p. 408) ‘Thus, current fertilizer recommendations for
application of fertilizer K in England and Wales are
based on the series of experiments with comparatively
small yields; use a relationship between yield response
to K and soil exchangeable K that is weak; and, in
many cases, recommend amounts of K far larger than
those tested by earlier workers. ’ This criticism over-
looks the fact that many farmers now achieve larger
yields than previously and that current recommend-
ations (MAFF Fertiliser Recommendations RB209)
are based on replacement of K removed (with only
small adjustments according to soil analysis) and not
direct yield response. It is accepted that in some cases
the rates for optimum yield can be lower, but in such
cases if the lower ‘response amounts ’ are used, the K
balance would be negative and would result in de-
pletion of soil K. This is not an acceptable long-
term policy. For these reasons we disagree with the
authors’ conclusion in their summary that ‘a fertilizer
recommendation system based primarily on the pro-
bability of a yield response would be more than suf-
ficient ’.
In relation to the experiments described by the

authors, a major concern is the method of fertilizer
applicationwhich involved shallow incorporation into
the ridges after planting. Because both phosphorus
and potassium are so immobile, the crop would be
most unlikely to see any benefit from their application.
As such a method of applying phosphate and potash
fertilizer is not used in commercial practice it is
questionable what conclusions can be drawn using this
approach.
There is, however, an even greater flaw in the

authors’ interpretation of the data from their experi-
ments. They were not designed as fertilizer response
experiments but used a factorial design to test only a
few large increments of K in combination with other
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nutrients and cultural practices. Although the data
were analysed by standard procedures there were too
few data points for K in each experiment with all other
factors equal, for curve-fitting procedures to be ef-
fective and enable optimum responses to K to be de-
rived. Of the 33 experiments reported, 10 had only two
levels of K, while eight had no zero K control which
would normally be regarded as desirable to define
accurately a response curve from which the optimum
response to K could be determined. Another con-
clusion, namely that neither the source nor rate of K
application had any effect on crisp-fry colour, was
drawn in relation to data from only two of the 33
experiments.However, as the levels ofKex in these two
experiments were high (272 and 911 mg/l K) such a
conclusion is not meaningful.
While the authors consider that the current re-

commendations for K for potatoes are over-generous,
resulting in unnecessary amounts of K being applied,
they have ignored the financial implications. MAFF
recommendations (MAFF 2000) suggest a maximum
application of 290 kg K/ha for K Index 0 soils ; the
authors suggest a maximum of 210 kg K/ha. The dif-
ference, 80 kg K/ha, would cost £20 at current prices
of potassium chloride fertilizer. This cost would be
recovered by an increase of 0.25 t tubers/ha with po-
tatoes at £80/t. Such a small difference in yield would
be within experimental error even in the most robust
experiments.
The authors’ claim that ‘much fertilizer K is applied

unnecessarily and that current recommendations re-
quire urgent revision’ is, we suggest, incorrect when
applied to the potassium needs of the potato crop, and
must be challenged.
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M. F. ALLISON, J. H. FOWLER AND E. J. ALLEN
Reply

The statement made in our paper in relation to the ef-
fect of large dressings of potassium (K) fertilizer over
long periods of time on exchangeable K is correct and
illustrates that exchangeable K is difficult to increase.
Similar data for sugar beet show that withholding K
fertilizers for 20 years had little effect on exchangeable
K. For example, work at Broom’s Barn (Last et al.
1985) on sandy loam textured soil showed that from
an initial soil status of 65 mg K/l, a K deficit of c.
800 kg K/ha was associated with a decrease in ex-
changeableK of c. 10 mg K/l. Similarly, aK surplus of
800 kg K/ha was associated with an increase in soil-
exchangeable K of c. 60 mg K/l. When the available
evidence, albeit limited, is considered as a whole, there
is little evidence to suggest that negative K balances
result in a significant decrease in soil-exchangeable K,
and should this occur, full yields may be achieved by
applications of sufficient fresh K fertilizer. Exchange-
able Kmay be the best indicator of soil K status but its
limitations must be recognized. As exchangeable K is
difficult to change andpoorly related to response, these
limitations are serious.
In our discussion of theworkbyEagle (1967), we did

not imply that exchangeable potassium (K) and lost
yield potential were unrelated, indeed, we stated that
this relationship was reported as ‘statistically signifi-
cant ’. Moreover, in complete agreement with Eagle,
we contend that a correlation coefficient of onlyx0.23
shows that this relationship is inherently weak and
not definitive. This view is confirmed by the PDA’s
reworking of Eagle’s data where exchangeable K
explained only 24% of the variation in lost yield
potential. Thus, both Eagle and the PDA show that
in K response experiments c. 75% variation in tuber
yield potential was due to factors other than soil ex-
changeable K. For the PDA then to state that, in the
absence ofK fertilizer, 90%of themaximumyield was
attained at c. 160 mg K/kg (a larger value than in
Eagle’s case) is a contrivance to support their view.
We would be interested to know the size of the error
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associated with this estimate since the raw data in
Eagle’s Figure 3 (1967) shows that once exchange-
able K exceeded c. 140 mg K/kg, all yields exceeded
90% yield potential and in many cases 90% yield
potential was achieved once exchangeable K exceeded
50 mg K/kg (Index 0).
We did not seek to reject the experiments done at

Rothamsted, Woburn and Saxmundham (Table 15 in
our paper), we simply indicated that given the limi-
tations in experimental design an alternative, but
equally valid, interpretation of these results may be
made. Any discussion of these data is conjecture since
without randomization and replication it has to be
assumed that (1) yields are statistically different and
(2) these differences are solely due to the effects of soil
exchangeableKand freshKfertilizers.Accepting these
assumptions, we maintain these results may be inter-
preted to show that the increase in soil exchangeable
K is small when compared with the amount applied
during the build-up phase and any yield penalty re-
sulting from small soil exchangeable K can be offset
by applying relatively modest amounts of fresh K
fertilizer.
The statement relating to the origins of current re-

commendations is correct. For the reasons given
above, maintenance of neutral or positive K balances
is not essential for full yields in the future. Moreover
the offtake of K is itself variable, as we noted in our
paper, the amount of K removed per tonne of tubers
increased as soil exchangeable K increased. Similar
results were also found by Milford et al. (2000)
working with sugar beet. These workers also showed
that the relationship between K removal and yield was
asymptotic, not linear. Using an average K offtake
value of 4.8 kg K/t (equivalent to 5.8 kg K2O/t) will
generally result in K accumulation rather than main-
taining the status quo. A protracted negativeKbalance
will result in a depletion of total soil K. However, it is
far from clear what effect a negative (or positive) K has
on exchangeable K or plant-available K and, in turn,
K fertilizer requirement.
We accept that our method of fertilizer application

was not representative of commercial practice. The
possible confounding of results because of our meth-
odology was also raised during the refereeing process
of our draft paper and in the published paper we used
yield and K uptake data to argue that confounding
did not occur. If applied K were largely unavailable,
it would be expected to result in small yields and
restricted and shorter-lived leaf canopies. Neither oc-
curred, and, as shown in Tables 11 and 13, K con-
centration and uptake were generally increased which
suggests the crops had access to the K fertilizer.
Subsequent to the publication of our paper, further
work on a soil with low K status (89 mg K/l, Index 1)
showed that neither rate nor method (before plough-
ing or after planting) of application of K fertilizer had
any effect on tuber yield (Table 1). The discussion in

our paper and these new data support our view that
our methodology did not bias our results and even on
soils with little exchangeable K potatoes may not be
responsive to K fertilizers.
The PDA letter criticizes our dataset since some of

our experiments tested a limited number of K appli-
cation rates and, in some cases, there was no zero K
control. If the sole objective of these experiments was
to fit response curves then this criticism is valid but of
what value? Information on the response of crops to
nutrients can be gained from experiments that were
not designed as classical response experiments. Many
of the two level experiments were established to sup-
port the experiments testing several rates. It is our view
that such experiments testing, for example, two ferti-
lizer application rates can contribute to understand-
ing. If there is no significant increase in yield when the
larger rate was applied then it is reasonable to assume
that crop was not responsive to fertilizer and the op-
timum application rate was no greater than the lowest
rate tested. Taken overall, these results do not suggest
large responses toK are as common as the PDAwould
imagine and the inclusion of non-response experi-
ments in our paper is justified. For the two experiments
investigating the effects of K application on fry quality
done on soils containing 911 and 272 mg K/l, the
paper stated the results of these two experiments
but made no conclusions from them. We stated that
they needed to be considered collectively with other
published work. When this is done it is evident that
K supply in excess of that needed for maximum yield
is unlikely to improve tuber quality.
The PDA state that we have ignored the financial

implications of reductions in K fertilizer recom-
mendations and state that a 0.25 t/ha increase in
yield (valued at £80/t) is needed to pay for an extra
80 kg K/ha. We believe the concept of ‘economic
optima’ to be seriously flawed for the following rea-
sons. First, the value of potatoes has a wide range. For
example, the most recent issue of Potato Weekly
published by the British Potato Council (24May 2002)
shows the value of ware potatoes has a 28-fold vari-
ation (from 10 to 280 £/t) and this variation is de-
pendent on quality, variety, end use and production
region. Second, andmore importantly, the calculation
of economic optima also ignores the fundamental
principles of experimental design and interpretation.
Field experiments are designed to provide observa-
tions from a sample of a population fromwhich robust
inferences may be made concerning the entire popu-
lation. This objective is met by the establishment of
treatmentmeans and the unexplained variation (error)
associated with those means. If there are no significant
differences in yields then there is no logical basis on
which to proceed to calculate economic optima. As a
small increase in yield will apparently pay for extra
fertilizer it is essential that great care is exercised in
dealing with the data. The PDA letter is arguing that it
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is permissible to take an arithmetic but non-significant
difference in yield of 2 t/ha with an S.E., for example, of
1.4 t/ha and believe it is real because it would appar-
ently pay for the extra fertilizer. Such results can only
indicate that there is no real difference in yield and
to treat them otherwise is a misuse of statistics. It is
also misleading to imply that the small yield increase
needed to pay for extra fertilizer, will remain un-
detected even in robust experiments – there is no evi-
dence that the yield difference ever existed.
This confusion in interpretation is very common

and has led to excessive use of fertilizers. Conse-
quently, this point does not challenge the conclusions
of our paper but illustrates why the conclusions in our
paper are critical to a more efficient use of fertilizers.
We refute the accusation of misinterpretation and
consider that criticisms were fair and based on an
objective evaluation of historic data.
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Cambridge University Farm

Table 1. Effect of time and rate of potassium fertilizer application on total (>10 mm) tuber fresh weight yield (t/ha)
of Estima grown at Ilminster, Somerset in 2001. Standard errors (S.E.) are based on 14 residual degrees of freedom

Rate of potassium application (kg K/ha)

Main effect of
application time0 125 250 375

K applied pre-ploughing 49.0 57.4 53.8 60.1 55.1
K applied post-planting 58.5 55.7 58.6 51.3 56.0
Main effect of application rate 53.7 56.6 56.2 55.7 55.5

S.E. for time of application 1.41; S.E. for rate of application 1.99; S.E. for timerrate 2.81.
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