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INTRODUCTION .

There is a very large literature regarding the possible value of
sodium as a plant nutrient. Only however in the case of & few crops
has it been shown to have any consistent or economic value. Sodium
tends to be regarded as a beneficial rather than an essential nutrient.
The idea has long been held, and still persists, that its action on
plants is indirect by virtue of its supposed effect in liberating
potassium from tﬁe exchange complex of the soil, thereby increasiﬁg
its availability to plants. Many workers however, hold the view
that it has a direct influence on the yield of certain crops and
that true sodium deficiency can occur.

In view of the similarity between sodium and potassium, much
work has been done regarding comparisons of the two elements on the
growth of plants and attempts have been made to classify crops
according to their responses to sodium in relation to their need for
potassium. One such classification by Harmer and Benne (1945)
working méinly on potascium deficient peat soils, but including
results of other workers, groupscrops according to their responses
to salt at different potassium levels. Omitting vegetable crops
of minor importance, their conclusions were as follows:

A.. Benefit from sodium when potassium is deficient.

1., Little or none. Maigze, Potato, Rye.
2. Slight to medium, Barley, Broccoli, Brussel Sprouts,
Carrot, Cotton, Flax, Millet, Oats, Peas, Tomato

and Wheat.
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B. Benefit from sodium when potassium is suffieient.
l. Blight to medium. Cabbage, Kale, Mustard, Rape.
2. large. Mangolds, Sugar Beet, Fodder Beet,
Table Beet, Celery and Turnips.
They concluded that crops would respond to sodium if they had
naturally (a) & high sodium content, or (b) a narrow N&/K ratio,

wide ratios indicating no response.

Lehr (1953), as a result of comparative experiments with sodium,
potassiuﬁ and calcium nitrates, grouped crops according to their
capacity to absorb sodium in replacement of potassium,

A. large replacement of potassium by sodium.

1. Large benefit from sodium. Fodder Beet, Sugar
Beet, Mangolds, Table Beet, Spinach.
2. Smaller benefit from sodium. Cabbage, Cotton,

K.ale’ O&ts, Tumips.

B, Smaller replacemént of potessium by sodium.

Little benefit from sodium. Barley, Flax,

Grass, Millet, Wheat, Rape.

C. Little replacement of potassium by sodium.

No benefit from sodium. Maize, Rye.

" Comparable reviews differing only in detail have been put forward
by Truog et al (1953), Lennedy et al (1953) and Larson and Pierre (1953)

and others.

Although produced from different points of view and from both



field and pot experiments, these groupings are essentially similar.

A range of crops, (the Chenopodacea) including sugar and fodder beets
and wangolds respond well to sodium and have been extensively studied.
Some, such as rye, potatoes and maize, fail to show any yield
increment from sodium. A very wide range -~ including the Irassica
family and perhaps the cereal crops - may perhaps be increased in
yield by sodium under particular circumstances,

Boyd, Garner end Haines (1957) have recently sumnarized the
results of a comprehensive series of over 200 field experiments in
Britain to investigate the value of salt as a fertilizer for sugar
beet. Salt at 5 cwt. per acre consistently increased the sugar
yield by a similar figure. The sodium could partially or wholly
replace potassium and yield increments obtained from salt were
greater and less variable from year to year than from potassium
chloride. There were large negative interactions for sugar yields
between salt snd potassium chloride. Soil analysis for readily
solublérpotassium predicted the pogsibility of a response to salt
in the same mammer as it did for potassium chloride, The responses
to salt were similar in all soils except those from the fens, where
smaller returns were oﬁtained. The extra responge from potassium
chloride when salt was also applied was scarcely enough to repay its
cost, but salt increased yields very profitably even when the supply
of potassium in the soil was good. Analysis of the crop (unpublished)

indicated that salt did not increage the potassium uptake, indeed,



over a period of 5 years there wes a slight tendency for it to be
reduced.

There hes not been the same urgency in Continental experiments
regarding the use of salt for sugar'beet, but the value of the salt
in the high proportion of low grade potassium fertilizers used is well
appreciated. There is thus wide-scale recognition of the value of
sodium as a nutrient for sugar beet and extensive propaganda for its
use. Hale, Watson and Hull (1946) and Wallace (1951) have described
symptoms regarded as true sodium deficiency.

Although the published work is not so voluminous as for sugar
beet, it is generally accepted that sodium is of equal value for
mangolds and fodder beet and applications of salt are given as
routine procedure. For example, Crowther and Benzian (1945) reported
that sodium nitrate was 479> better than ammonium sulphate supplying
equal nitrogen for mangolds, and the classical mangold experiment on
Barnfield, Rothamsted shows consistent increments from sodium.

Apart from the above, the only other crop for which there is
conclusive information that sodium may be of use generally from an
economic point of view is cotton. Holt and Volk (1945), Iunt end
Nelson (1950), lancaster et al (1953), Cooper et al (1953), Appling
and Giddens (1954), Eaton (1955), and Giddens et al (1956) have all
reported that cotton responds to sodium when potassium is deficient.
All conclude that a partial substitution of sodium for potassium up

to about 50% was possible, but it is not known by the author whether



or not the practice is wide spread. ILancaster et al (1953) did
however point out that in five experiments. where there were
significant responses to potassium, thgﬁwfour of them also responded
significantly to salt.

Almost every other agricultural and horticultural crop has been
investigated for response to sodium and claims have been made either
that increases in yield have been obtained or that potassium
deficiency symptoms have been reduced in differing cirocumstences.
Virtually all the work has been concerned with substitution of sodium
chloride for potassium chloride or in the comparison of sodium and
calcium nitrates. Frequently the work has only been done in pot or
water culture and many of the experiments have not been repeated under
field conditions.

In addition to the responses already quoted, lucerne has. been
studied by Wallace et al (1948), York et al (1953) and Truog et al (1953)
and responses obtained.  Various clovers have been investigated by
Marshall (1944), Cope et al (1953) and Lehr and Bussink (1954) and
more recently'by Whehunt et al (1957).

| Oats have been shown responsive by Bower and Pierre (1944),
Cope et al (1953), Larson and Pierre (1953), Cooper et al (1953),
Truog et al (1953), Whehunt et al (1953), Lehr and Bussink (1954) end
Giddens et al (1956). Flax gave increased yields with sodium as
reported by Molchanov and Dmitrieva (1936), Milnthorpe (1943), Bower

and Pierre (1944) and Lehr and Wyhenga (1955). Barley has long been



reputed to respond to salt especially on potassium deficient chalk
goils in southern England, and Truog et al (1953) have shown small
yield increments. Xibe et al (1953) found increased yields of
wheat in pot experiments end sodium sulphate consistently increases
the yield on Broadbalk Field, Rothamsted.

Amongst a wide variety of other crops responding to sodium are
carrots [Cooper et al (1953), Truog et al (1953)] : tobacco
[Verona (1951), Lehr and Bussink (1954) and McEvoy (1955)] , and
potatoes [Verona & Benvenuti (1953), Lehr and Bussink (1954ﬂ .

These examples are by no means exhaustive and the literature
is extensive. The findings have not in general been translated
into agricultural practice as the effects have usually been small

or absent in the presence of a reasonable potsssium supply.

Work with sodium has not been entirely confined to determining
its effect relative to potassium. Some investigators have been
concerned with its influence on soil and plant phosphorus. As long
ago as 1906 Wheeler & Hartwell reported that sodium salts increésed
the phosphorus contents of a variety of crops. Collings (1954) says
that, "there is rather general agreement that sodium is valuable .....
to.maintain a high degree of availability of phosphorus ...... and
there appears to be some evidence that sodium in the soil may increase
the availebility of phosphorus that is tied up in insoluble form".
There have however been few controlled experiments to jusify this.

Herbert(1951) found that sodium nitrate extracted three times



as much phosphorus from soils then did calcium nitrate. TUeing the
game salts at concentrations equivalent to the nitrate level in

22 Dutch soils, Lehr and Wesemael (1952) reported that sodium nitrate
was superior to the cxtent of 80 - 90% and that sodium salts leaoched
through the soils maintained a greater and more prolonged release of
phosphorus than did calecium salts, In subsequent Neubswer testu
(1956) they have found that phosphorus solubility was 64% greater
and phosphorus uptake 457 highor if calcium nitrate was replaced with
sodium nitrate. Tobis and Wilad (1954) found that podium and
potassium carbonates applied to Keyptian alkali soils inoreased the
concentration of water soluble phosphorus whereas caleium end
magnesium salte depressed it.

Kibe et al (1953) showed that the mvnilable phosphorus in pot

experiments with wheat was increamsed by an application of 0e2%

gsodium chloride. On the other hand, Scharrer nnd Schreiber (1944)
had found that sodium chloride reduced the upteke of phosphorus by
rye seedlings during early growth snd MeBvoy (1955) showed that both
sodium and potassium depressed phosphorus uptake in tobacco. Marshall
and Sturgis (1953) indicate that when sodium nitrate is the best
nitrogen fertilizer for cotton that the soil 1s frequently low in
phosphorus.  MNore recently Wicholson and Hooper (1957) have
suggested that the superiority of sodium or potessium nitratesover
other nitrogen fertilizers for cabbage may be due to their effect

on goil phosphorus.



. Way and Nelson (1954) inhibited the formation of citrate insoluble
phosphorus in NP and NPK fertilizers by the addition of 1% sodium
chloride to the phosphate rock prior to acidulation. Hamamato &
Kawasaki (1956) by treatment of rock phosphate with sodium chloride
and steam produced a fertilizer ag effective for rice as superphosphate,
Butseroga (1954) found that sodium chloride applied to winter wheat
and sugar beet created conditions whereby phosphorite meal became
equivalent to superphosphate as a source of phosphorus. Andrews (1948)
has put forward the view that sodium additions may lead to the
formation of sodium fluoride which is leached from the soil, thus
reducing the creation of calcium fluoride - containing apatites of
low availability.

The recent observations of Boyd et al (1957) who demonstrated
the presence of substantial negative interattions between sodium and
phosphorus, and sodium, potassium and phosphorus in a comprehensive
series of British sugar beet experiments which "were too frequent
to be ignored", give added practical support to the evidence that

sodium may increase the efficiency of phosphorus utilisation.

With the exception of the work with sugar beet, there has been
no reported work regarding the use of sodium on agricultural crops
in Britain in recent years. Until the last war, sodium nitrate
supplied sodium in appreciable quantities. Its almost complete
replacement by synthetic nitrogen fertilizers now makes the

application of sodium as the nitrate or chloride a deliberate policy



rather than an accidental occurence. Surveys of fertiligsr
practice show that salt is used mainly on sugar and fodder beets
and mangolds, - more recently as a constituent of compound
fertilizers, and that it is occasionally used on other crops
such as barley, oats and grassland. It is widely reputed to be

detrimental to potatoes in view of the ill-effect of chloride.

One object of this present thesis has been to examine the
effects of sodium chloride on three agricultural crops of major
importance, turnips, kale and grassland. All the work has been
done under field conditions.

These three crops have been chosen for & number of reasons.
In the first place, two are Brassica crops and earlier work has
shown that as a family they may respond to sodium under suitable
~conditions. Secondly, kale and grassland make excessive demands
for soil potassium and sodium might perhaps usefully replace
some of £his need. Thirdly, the suggestions that sodium may have
8 beneficial influence on phosphorﬁs uptake by plants can perhaps

best be investigated further in turnips.

The second, and major object of this work has been to examine
the effect of salt on the mineral composition of these crops, namely
the sodium, potassium, calcium, magnesium and phosphorus uptakes.

Sélt has therefore not been used in isolation in the field experiments

but always in association with varying levels of nitrogen, phosphorus



- 10 =

-and' potassium and under differing conditions of soil fertility. 1In
two of the grass expefiments magnesium was also applied in conjunction

with salt.

Thefe is virtually a complete absence of data in this'COuntry
regarding the sodium content of these and other crons and of the
inflgence of increased sodium intake on the level of other mineral
elements. Equally the effect of added nitrogen, phosphorus and
potassium when given in association with sodium is not known. As
sodium is absorbed easily by plants, there might be expected to be a
number of important ion antagonisms as is the case for example

between potassium and calcium,and potassium and magnesium.

Finally, the experiments with kale incidentally provide
information regarding the effects of phosphatic and potassic
fertilizers on yield and mineral composition. So far as can be
asceftained, there are no published data on these éspects of kale
nutrition although the ef:t'eéts of nitrogen on yield and protéin

content have frequently been recorded.

EFYECTS OF SODIUM ON THE UPTAKE OF OTHER CATIONS.

(2) Potassium.
Opinion seems to be equally divided as to whether sodium
applications increase or decrease the potassium uptake of plants.

Any effects which have been observed have always been smell. For



example, some workers who have found that sodium promotes inocreased
plant potassium levels, are larshall (1944) for blue gress and clover,
Cooper et al (1953) for a wide variety of crops, Appling and

Giddens (19%4) for cotton and more recently Whehunt et al (1957) for
clover. On the other hand reductione in the potassium content of
piants consequent upon sodium applications have been observed, for
example by Hartwell and Dawson (1919) with a variety of crops,

Wallace et al (1948) and York (1949) with lucerne, larson & Pierre
(1953) with oats end Lancaester et al (1953) and Maton (1955) with
cotton.

Chambers (1953) hes attributed the consistently higher yields of
the continuous Broadbalk wheat experiment on the plots receiving annual
dressings of sodium sulphate to the increased potassium concentration
in the straw resulting from the sodium applications, but even iy such
extreme circumstances the difference in mean potassium contents of
the straw is less than 0¢2% over the many yesrs ?pr which the

experiment has been conducted.

(b) Calcium and Magmesium.

It is generally accepted that the increased potassium content
of crops resulting from applications of potassium salts have
depressive effects on calcium and magnesium uptakes. There have been
‘very few investigations as to the possibility of similar effects when
sodium repleces potassium as a soil amendment. Cooper and Garman

(1942) and Ilsncaster et al (195%) have found that sodium reduced
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calcium uptake in cotton and thought this beneficial in that it

created a more favourable g? or NgiK balance. Cooper et al (1953)

have later repqrted the possibility of a small decrease in magnesium.
larson & Pierre (1953) reported reductions in both calcium and
magnesium levels in oats resulting from sodium and potassium
applications. Cope et al (1954) thought sodium and potassium had
roughly equal capacities for reducing calcium and magnesium levels in
a veriety of crops, but Chang and Drenge (1955) working on soils
containing 357 exchangeable sodium suggested that sodium was of

geater impact in this respect. Lehr and Wybenga (1955) have recently
aggociated the drooping of flax heads at high sodium and potassium
levels with calcium deficiency (or alternstively, physiological drought ).
Reitberg (1954) attributed sugar beet failure after sea water flooding
to the four-fold increase in sodium in the plant inducing calcium
deficiency.

Hale et al (1946) have reported the possibility of salt-induced
magnesium deficiency in sugar beet and McEvoy (1955) has recently
reported reductions in both calcium and magnesium levels in tobacco
resulting from the addifion of sodium to water cultures.

The absence of further references compared to the most extensive
~ potassium/magnesium bibliography is indicative of the fact that few
workers have estimated elements other than sodium and potassium in

experiments involving salt or sodium nitrate.
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ANALYTICAL METHODS.

~The mein series of experiments have produced some 1,500 samples
for analysis for sodium, potassium, caloium, magnesium and phosphorua.
It has been necessary to devise and adapt suitable methods to enable
quantative determinations to be carried out both rapidly snd with
reasonable degrees of sccuracy. Foi such purposes, volumetric and
gravimetric methods are generally quite unsatisfactory in view of
their length and the large number of separate operations involved.
All analyses bave therefore been performed by'either flame photometrio

or colorimetric methods.

ASHING _PROCEDURE.

lg. samples of oven dried plant material have been ashed in
gilica crucibles at 450 - 50000 for aseveral hours. ‘ At this
temperature no loss of wineral matter occurs, but overheating must
be avoided. After cooling, the ssh is slightly moistened with wgter
and 1 ml. of concentrated hydrochloric acid added. The preliminary
addition of water is to prevent some small loss oi the fine, dry
ash which may occur due to the vigorous resction between the acid
and some carbonate-containing ashes. After evaporstion to dryness
and removal of the hydrochloric acid, the ash is dissolved in warm
water and filtered into 100 ml. standard flasks. Complete solution
can only be acheived by thorough rubbing of the crucible with a
glass rod, and in this respect new silica crucibles are much to be

preferred to older ones with slishtly roughened interior surfaces.
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FIAME PHOTOMETRIC DETERMINATION OF SODIUM, POTASSIUM

AND CALCIUM.

The EEL flame photometer: (Evans Electro selenium Ltd.)
described by Collins and Polkinhorne (1952) has been used throughout.
In this instrument, small quantities (about 2 ml.) of solutions
containing the elements are atomised into a coal gas/air flame.

The light emitted after passage through suitable interference filters
falls onto a barrier layer photocell which is connected through a
potentiometer to a taut-suspension galvanometer. The galvanometer
deflection is followed by meéns of a reflected light spot which
falis onto a scale calibrated from O to 100 over a length of about

5 ins.

When used at its greatest. sensitivity the instrument has a
working range of from O to 5 ppm Na, O - 10 ppm ¥ and O - 50 ppm Ca.
The coal gas/compressed air flame results in lower mutual interference
effects between alkali metals than would be experienced with, for
example,,an, oxy-acetylene burner. However, it may be more
susceptible to reduced emission in the presence of some anions,
particularly phosphate. Typical filter curves (supplied by BEvans
Electro selenium Ltd.) are shown in fig. 1. Potassium is obviously
well separated from the other two, but there is some possibility of
mutual interference between codium and calcium at narticular
concentrations.

The instrument is simple in operation and capable of rapid use,

each determination taking about 20 secs. Calibration curves are
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prepared. by spraying distilled water (or an appropriate "blank" solution)
to give a reading of 0 and the highest concentration, say 10 ppm K, to
give a reading of 100 with the appropriate filter in position.
Intermediaté points are obtained using suitable dilutions and fhe
calibration curves produced are almost linear, being similar in shape for

all three elements (Fig. 2.).

A, CATICNIC INTERFERINCE

Investigations have been made to determine the mutual interfering
effects of sodium, potassium and calcium when present in solution
in varying amounts (Table 1.). The sodium and potassium solutions were
prepared from their recrystaliised chlorides. Well washed calcium
carbonate dissolved in the minimum volume of hydrodhloric.acid was used
to prepare the calcium standard. In each case, stock solutions of

1000 ppm were prepared and the appropriate dilution obtained.

Table 1. © Cation Interference
9% Errors in Measurement.

Interfering Ion Na K Ca.

ppm 2.5 ppm 5 ppm 25 ppm
Fa 5 - o} : 0
25 - o %
. 100 - o - .49
K "5 0 - 0
25 0 - 0
100 o) - 0
Ca 5 +1 0 -
25 +5 0 -
100 +12 0 -
NH 1000 0 0 0



- 16 -

Potassium may thus be determined accurately without interference
from either sodium or calcium at all concentrations. Equally,
potassium does not in any way modify the true response of the instrumant
to sodium or calcium. |

On the other hand, calcium and sodium are subjeét to mutual
reinforcement in the flame due to the inherent inability of the light
filters to exclude unwanted light entirely. Taken over the whole
range, the errors are large, but when considered in relation to the
more restricted ratio of calcium to sodium in plant material, they
are quite small,

‘Plants contain consideréblg more calcium than sodium, typical
gg ratios being for a variety of crops, cereal grain 2, cereal straw 10,
turnip-tops 8, turmip roots 3, grass 3, clover 10, kaie leaf 7, kale
stem 3,

It can thus be taken that calcium determination may be made
without the risk of interference from sodium, which would only cause
an error of +1% even if present in equal concentration to that of
calcium, There are however other factors which interfere with the
determination of calcium which are discussed later.

In the determination of sodium, however, account should be taken
of the presence of calcium. At s %2 ratio of 2, the error is +1%
increasing to +5% at a ratio of 10, The most convenient method
of making allowance for this is to include the appropriate amount of

~calcium in the sodium solution used to prepare the standard curve.

Table 2 indicates that the effect of a given calcium addition is constant
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over the whole range of sodium and that the calibration curves produced
are identical. Thus, by setting the instrument at O with the
appropriate calcium concentration to be expected and at 100 with a

similar concentration plus 5 ppm Na, the same curve may be used

throughout.
Table 2, Effect of Calcium Addition to the
Sodium Calibration Curve
Na oom Flame Photometer Readings
PP Ca. added. ppm.
o 5 25 100
0 o*  oF o* - o®
1 22+5 23+0 230 2345
2 44+0 435 44+0 445"
3 6440 640 63°5 ' 64+0
4 82.0 815 825 820
5 100* 100* 100* 100*

0

¥ Pixed instrument settings af ter ad justment for each vertical

series.

Experience showed that in anj particular field experiment with
éi%ﬂé%’k&iéi fﬁrnips or grass that the amount of calcium in the plant ;?
material was very uniform from ;1ot to plot. For example, Table 3 |
shows the extreme range of calcium contents found in the first three

kale experiments each of which consisted of 54 plots with different

fertilizer treatments. The great majority of samples were very closely
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grouped around their respective means.,

Table 3. Range of Calcium Contents Found in Each -

of Three Kale Experiments.

Experiment
Min,
176
1+86
2+00

It proved entirely satisfactory to add the appropriate

Leaf
Max.
2+60
2°62
2466

Mean.
2+20
2°19
2¢33

Min,
076
064

062

‘Stem
Max.
1.01
0°96
099

Mean.
0°90
0+78
079

predetermined amount of calcium corresponding to the mean calcium

level of all the plots in each separate experiment to the sodium

solutions used to set the flame photometer correctly, thus avoiding

the necessity of a separate calibration for each sodium determination.

B. ANIONIC INTERFERFENCE

l. Sodium and Potassium

Collins and Polkinhorne (1952) have shown that very high

concentrations of anions are needed in order to produce interference

in determinations of sodium and potassium. Their results are Quoted

in Table 4.
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Table 4, Iimiting Anionic Concentrations for

Zero Interference.

Limiting conc. (ppm) for determination of -

Interfering Ion 10 ppm Na 10 ppm K.
NOB 40,000 100, 000
SO4 18,000 56,000
,Qii 1,400 1,200
P04 600 400

These quantities are obviously so very much greater than the
amounts present in plant material that their effect on the accuracy

of sodium and potassium determinations can be ignored.

2. Calcium

The EEL flame photométer has the very serious drawback in that
the calcium emission is reduced in the presence of certain anions.

In measuring calcium at a concentration of 50 ppm, chloride and
nitrate ions added as their respective acids showed no depressive
effect until their strehgth reached about 0«1 N and sulphate did not
reduce the calciugvemissiom,until present at 0«05 N. These quantities
are so very large in relation to 50 ppm of calcium that their possible
effect in the analysis of plantvmaterial is nothing.

There is however, very serious interference to the calcium
emission from phosphate in solution. Table 5 shows the marked
depressive effect of even traces of phosphorus. Phosphorus was added
to solutions containing 50 ppm of calcium aé ammonium phosphate as

the ammonium ion is gquite without effect on the calcium emission (see

Table 1.).
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Table 5.

Interference Effect of Phosphate on the Determination of 50 ppm of Calcium.

Phosphate Added ppm P. © 5 10 15 20 50 200 500

Interference % 0 ~14 =32 =47 -64 =75 =80 -83

This loss in emission is due to the formetion of calcium phosphate
which is n;t excited to any degree in the coal gas/air flame. The
interference is not so severe in flame photometers which burn acetylene
or other high temperature flames and in such instruments the phosphate
interference rapidly reaches a steady mmximum. In these cases, excess
of phosphate can be added to the solutions under test in such
quantity that further small additions from the plant material would
cause no further interference. Brealey et al (1952), Smrrer and
Jung (1954) and Leyton (1954), for example, have described suitable
methods for a variety of flame photometers burning acetylene. This
approach cannoi be used for the EEL instrument as the interference
due to phosphate does not reach a steady maximum. It is changing
rapidly over the normal calcium/bhosphorus ratios found in plants and
large additions of phosphate would cause too great a loss in
sensitivity.

Many methods have been advocated for the removal of small amounts
of phosphate from solutions containing calecium in order that
subsequent calcium determinations may be made acurately. Chen

and Toribara (1953), Powell (1953) and Williams and Morgan (1953) have
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precipitated calcium as the oxalate and carried out the analysis on
the redissolved precipitate. Smith and McCallum (1956) have more
recently removed phosphorus from solution before the EDTA method
for determining calcium by precipitation with ferric chloride at a
suitable pH. Some more rapid method however is needed to remove
phosphorus completely in order not to cancel out the speed advantage
of flame photometry.

Attempts have been made to precipiﬁate phosphorus present at
50 ppm and under in solutions containing 50 ppm of calcium. A
variety of reagents such as lead acetate and zirconium sulphate
have been investigated, precipitation of the phosphate under varying
conditions being followed by centrifuging. Difficulty waé
frequently encountered in obtaining clear solutions and in no case did
the supernatant liquid give the correct calcium reading. This
approéch was therefore abandoned.

Investigations have been made to determine whether or not an
anion exchange resin (Amberlite 1 E - 400 (CH) ) could be used to
separate §alcium and phosphate., The resin was ground to pass the
60 mesh sieve but be retained by the 120 mesh and packed to a depth
of about 5 cms. in 2 7 mm. diameter tube. The resin was charged with
sodium hydroxide, surplus being removed by thorough leaching with water.

25 ml, quantities of solutions containing varying quantities of
calcium and phosphorus were introduced into the columns. The first
15 ml. of leachate was discarded as it was diluted with the water

retained in the column after washing. The remainder of the leachate
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was retained for flame photometric determination of calcium and the

results, compared with the original solutions (Table 6.).

Table 6. "Apparent" Calcium Concentration in the Original Solutions (&)

and the Leachate (B) from Exchange Columns.

ngzggate | Calcium (ppm) in solution
ppm P. .10 20 30 40 50
A BlaA B A BlA BlA B
0 ' 10 7 120 14 |30 21 |40 27 150 345
10 5 7 13 | 145 2225|123  27-5|325 34
25 45 8 6 13 85 20°5 [11.5 28 |12+5 345
50 ‘ 4 7 - - - - |11 28 | - -
100 4 Ts5 | - - - - |11 26 | - -
llean Ca recovered. - T3 - 133 - 213 - 2731 - 34+3
as % original - T30 - 66+5| - T01| - 683 -  68+6

Increasing phosphate concentration, because of the depressive
effect on calcium emission, produced steadily decreasing "apparent"
calcium concentrations in the original solutions(A). The flame
photometer readings in the leachate (B) were however reasonably
constant over the whole range of phosphate for each vertical series.
In each case some 70% of the calcium was recovered.

Experiments with larger volumes showed that phosphate retention
was complete, Thus the lower levels of calcium in the leachate can
only be explained on the basis that scme calcium was retained on the

columm, most probably as calcium phosphate precipitated under the
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alkaline conditions. Attempts to improve the recovery rate and
its constancy by charging the colum with calcium hydroxide in place
of caustic soda and altering the flow rate were not successful: arnd this
method was not pursued further.

Mason (1952) has used a cation exchange resin (Zeo - Karb 215)
in the form of a'column to retain calcium free from phosphate, the
calcium subsequently being eluted with acid for determination with

" EDTA. The method finally adopted has been based on this idea.

Preparation of Exchange Colums.

The cation exchange resin used was Amberlite 1R - 120 (H) which
was ground to a size that passes the 60 but is retained by the 120
mesh B.S. sieve, This was packed tightly into a 35 cm. length of
glass tubing, 7 mm. in diameter and previously tapered at one end,
The resin is held in position by two plugs of cotton wool. A
suitable depth is 5 cms. The tube should then be capable of holding
10 ml. of water above the resin and this should run through in not
less than 20 minutes, The resin is prepared for use by washiﬁg with

SN nitric acid and then several times with water. A number of tubes

can conveniently be held on a horizontal wooden frame with "Terry®
clips spaced at 2% inch intervals. This allows the colums to be
raised and lowered easily and gives sufficient room on the bench for

standard flasks, beakers etc.

Retention and Elution of Calcium.

10 ml., of a solution containing 50 ppm of calcium (prepared by
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dissolving calcium carbonate in hydrochloric acid and suitably
diluting) are introduced into the top of the columm and allowed to
leach through the resin. The resin is then washed twice with

5 ml portions of water and all the washings are discarded. A

10 ml calibrated flask is then placed beneath the column and the
calecium is eluted with 5 N nitric acid until 10 ml of eluate are
obtained. © Calcium is then determined in this solution by flame
photometry, the calibration curve having been prepared from known
amounts of calcium in SN nitric acid. Both retention of the calciun
and its subsequent elution are complete, as checked by both flame
photometry and an oxalate method. Calcium is incompletely held if
the sclution under test is more acid than 025 ¥,

5 N nitric acid was chosen to elute the calcium in preference
to either sulphuric or hydrochloric acids as it reduces the flame
intensity of the calcium emission to the least degree. This is
shown by the flame photometer: readings for various solutions
containing 50 ppm of calcium, i.e. with water as solvent, 100; with
5 N nitric acid, 82; with 5 N sulphuric acid, 67; and with 5 N
hydrochloric acid, 65. The calibration curve is prepared by
setting the instrument at O with 5 N nitric acid and at 100 with
75 ppm of calcium in 5 N nitric acid and then reading a number of

intermediate concentrations.

Efficiency of Phosphate Removal,

Table 7 gives the results obtained for calcium determinations on
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solutions containing various amounts of phosphate added as &mmonium
phosphate. In each case they were added to the colum in 10 ml. of

water and eluted with 10 ml., of 5N nitric acid.

Ta’blé Te Recovery of Calcium from Solutions Containing Various

Amounts of Added Phosphate

TAKEN . FEL FLANE FOUND RECOVERY
Ca. P. PHOTOMETER Ca. - %,
ppm " ppm READING. " Ppm.. DR
10 0 15 10.4 104
10 10 14.5 9.7 97
10 25 14.5 9.7 - 97
10 100 15 10.4 104
20 0 29 20.4 102
20 10 29 20.4 102
20 - 25 . 28 19.8 99
20 100 28 19.8 99
40 0 58 40.0 100
40 10 57 39.5 99
40 25 58.5 40,5 101
40 100 5T 39.5 99
50" 0 69 49.0 98
50 10 69 49.0 98
50 25 T0 50.0 100
50. : 100 T2 - 51.0 102
60 0 85 61.0 102
60 10 84 60.5 101
60 25 83. ' 59.5 99
60 100 84.5 60.5 101
mean  100.3
* 100 = 75 ppin Ca in 5N nitric acid.
O = ©5N nitric acid.



- 26 -

Elimination of interference due to phosphate is thus complete.
The small deviationsfrom 100 ¢ recovery are mainly attributable to
inability to read the position of the light spot on the scale to a
greater accuracy than + 0.5 of a division, particularly for the

higher readings.

Effect of Other Interfering Ions.

A number of cations can influence the calcium emigsion. The
effects of these have been studied by including them in calcium solutions
prior to passing through the exchange colums. The amounts added
were in such quantity as may be found in plant material, and additionally,
in excessively greater amounts.

Table 8 shows that interference from aluminium, iron, menganese,
magnesium and sodium is in each case absent when considered in relation

to their concentration relative to calcium in plants,
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Table 8. Effect of Various Interfering Ions in the

Determination of Calcium in 5N nitric Acid.

Interferinge JTon. Calcium.Taken. Calcium found.
ppm. ppm. ppu”
Alvminiwm 7 1 50 50,0
10 50 : 49.0
Iron : 1 50 50.0
: 10 50 : 51.9
Manganese 1 50 50.0
10 50 50.0
Magnesium 5 . ' 50 : -50.0
10 50 : 50.0
| 50 ) , w50 ' " BL.H
Potassium 50 10 S ‘ 10.0
500 10 10.1
50 . 25 25,0
500 : 25 ' 25.2
50 - 50 o 50,0
500 : 50 50.5
Sodium 2 ‘ 10 ' -~ 110.0
10 10 ' 10.1
50 10 11.0
2. 25 25.0
25 25 2542
125 25 - 27.5
10 , 50 : ’ 50.0
50 f 50 : - 3045
250 50 o ' 5865

*® Mean of 3 determinations.

Procedure.
A convenient aliquot (usually 2.5 ml.) of the plant ash (prepared
as described from lg. of material made up to 100ml.) is transferred to

the exchange columm. After washing twice with 5ml. portions of water
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to remove phosphate, the calcium is eluted into a standard 10ml. flask
with 5N nitric acid. The calcium concentration in ppm is then found
by reference tovthe standard curve prepared from O - 75 ppm of calciun.
After washing well with water, the colum is ready for re-use.

If x ml. of the ash solution are taken and y ppu of calcium found,
v

e per cent. if

10x

2.5m1 of solution is used, the range covered is from O - 3% Ca. in the

then the calcium content of the sample will be

plant material.

The procedure is obviously rather lengthy for a single determination,
but when done in large batches many analyses may be completed very
rapidly. After the initial  pipetting into the exchange coluum,all
the operations which are involved are simple washing procedures which
can run unattended until the final collection of the 10ml nitric acid
leachate. Bven this may be simplified by leaching with slightly lgss
than 10ml and then making up to the mark after drainage is complete.

Table 9 shows the good agreecment reached between the calcium

contents of a variety of plant materials as determined by both flame

photometry and the oxalate method described by Marsden (1941).
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Table 9. Comparison Between Flame Photometric and Oxalate
Methods of Determining Calcium in Plant Material.

CALCIWM %

FLAME OXATATE

Turnip 380 372
Barley straw <200 «199
Young oats «382 . 366
Seeds hay .512 .522
Sugar beet pulp .870 .878
Mai ze meal : .020 021
Pea straw , . 960 +945
Bean straw 750 766
Bracken stem - . 220 «220
Potato haulm 1.375 1.370
Mean .567 +566

Data concerning the accuracy of the method as measured by repeated
analysis of the same sample of plant material are presented in a later
section,

This method for determining calcium has been published (Hemingwey
(1956) ).

DETERMINATICN OF WAGNESIUM

The reaction between Titan Yellow (the sodium salt of the
diagoamino compound of anhydrothio-p-toluidene sulphomic acid) and
magnesium in alkasline solution to produce a red-orange colloidal lake

has frequently been used as a method of determining magnesium.
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Cornfield and Pollard (1950) bave devised a method whereby there is

no necessity for the addition of a protective colloid such as starch

to stabalise the dispersion with a consequent drop in sensitivity.

The procedure used has been a suitable ddaption of this method.
Calcium and phosphate interferein the determination by increasing

the development of the dispersion and aluminium by reducing it.

These effects can be overcome by the addition of a "compensating reagent"

containing these elements in such quantity that further additions

* from the plant material have no further effect. Manganese also has

a reducing effect, but Cornfield and‘Pollard found that this could be

eliminated by the addition of mammitol. Other ions in concentrations

likely to be found in plant material have been shown not to interfere.

Procedure

The solution conteining magnesium (usually 2.5ml of the ash
solution prepared as described) is placed in a test tube graduated at
21ml., To this is added in tumm;

(a) 1 ml of "compensating solution™. This is prepared by
dissolving 13.9g anhydrous CaClQ, 0.96¢g KE2P04 and 0,88g of potassium
alum in 1 litre of water.
and (b) lml. of a 2.5% aqueous solution of mannitol.

The mixture is then made up to the 21lml, mark, shaken and allowed
to stand for 5 minutes. 2ul. of a 0.,05% solution of Titan Yellow
are added fcllowed by 2 ml. of 3 sodium hydroxide. After shaking
well, the tube is allowed to stand for 10 winutes (41 min.). During

this period the colloidal lake may partially coagulate.
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After 10 minutes the tube is vigorously reshaken to ensurg
complete diépersion and the contents are rapidly transferred to a
colorimeter tube to be read immediately in the EEL Colorimeter‘using
the 625 green filter, optimum transmission 540 mu.

A series of standards are prepared in the same manner using from
0 to 0.10mg. of magnesium as magnesium sulphate and a calibration
curve obtained, setting the blank at 0 (Wig. 3.). If 2.5ml. of the
plant ash solution is used, this corresponds to O - O.40%CM§.

Comparison with a volumetric magnesium ammonium phosphate method
(Marsden (1941) ) showed very good agreement (Table 10.).

Table 10. Comparison Between Titan Yellow and

Magnesium Ammonium Phosphate Methods for the
Determination of Magnesium.

Magnesiunlj%

Titan Yellow Volumetric

Kale leaf . 0390 .098
Kale stem .146 .150
Grass S 7] .120
Clover T .266 . 260
Turnip tops .210 <204
Turnip roots 108 | «100

 Mean .157 .155

Data concerning the errors of répeated analyses of the same sample

are presented in a later section.
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DETERMINATICY OF PHOSPHORUS.

Phosphorus haé been determined by the usual molybdenum blue
reaction. Iml. of the ash extract was ~pipetted into a 100ml. -
flask and the blue colour developed after addition of the ammonium
molybdate/sulphuric acid mixture and stammous chloride was measured
in an EEL colorimeter. The standard curve produced covers the

range O = 0.05 mg. P, i.e. O = 0.5% P,

SCHEME OF . ANATYSTS

Having developed these methods, it was of the greatest importance
that full advantage should be taken of their speed to determine sodium,
potassium, calcium, magnesium and phosphorus in a lafge number of
samples. To this end, a procedure has been devised to cut down the
number of operations such as  pipetting and the amount of apparatus
to the absolute minimum,

In each case, exactly lg. of sample was weighed out for analysis
to avoid the need for subsequent calculations. Samples were
analysed in batches of 16 as many of the fiéld experiments had 32 plots.
A metal tray to hold this number was made to fit the muffle furnace
and after ignition it was transferred to fit over a sand bath for
evaporation to dryness with hydrochloric acid. The ash was dissolved
in hot water and made up to 100ml. Measured volumes of this solution
were taken for analysis as shown in Fig. 4.

In this manmer it was possible for one person to complete the
analysis of 16 samples for all five elements in a day and this number

covld perhaps be inersased if necczoaxy.
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THE ANALYTICAL TRRORS.

The accuracy of this scheme of analysis has been measured by
repeated analyses of barley straw, hay and kale leaf. The method
used was to weigh out lg. samples of each and perform the analysis,
the process being repeated at weekly intervals over a period of
10 weeks. Table 11 gives the total error from all sources of the
separate analyses as measured by expressing the standard deviations
as a percentage of their respective means. In each case the mean
contents have been compared with values obtained separately by
standard volumetric and gravimétric methods and good agreement
found. This scheme of analysis has therefore been adopted and used
throughout as the errors were considered to be satisfactorily small

when associated with the speed and ease of analysis.

g
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EXPERTMENTS WITH KALE

There have been a variety of recorded results regarding the use of
nitrogen on kale. ZEarlier work showed that 1 cwt. of ammonium sulphate
produced about 1 ton of extra kale and that the responsé was almost
linear up to.8 - 10 cwt. There were consequent reductions in the dry
matter %. Within recent years opinions have been expressed that
responses to nitrogen are not now so large and are more irregular from
site to site. A search of the literature has revealed no records of
controlled experiments with phosphorus and potassium, although compound
fertilizers have been used at different rates.

There has been no systematic investigation iﬁto the effect of salt
on kale, but Harmer & Benne (1945) have reported large increases in the
yield of cabbage. Lehr (1953) has quoted the results of a trial in
Ireland where salt reduced the yield of kale on a potassium deficient
so0il, but stimulated it when a suitable potassium application was also
given. Pigzer (1954) has summarised the available evidence regarding
the selt tolerance limitgs of various crops on land flooded with sea
water. Those withstanding 0.3¢?Na01, (the highest) include kale,
swedes, rape, mustard, rye, barley and rye grass. Oats and lucerne
tolerate 0.2% and red and white clovers, timothy, wheat, cocksfoot, peas
and beans fail at about 0.1%.

Experiments which have been made with nitrogen fertilizers have
usually shown increases in the protein content of the crop, but there
have been no investigations regarding the effect of fertilizers on the

mineral composition of kale.
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In the present work, six field experiments have been completed with
kale. Four have been with marrow stem kale and two with the thousand
head variety.

Two experiments (Kale 1 and Kale 2) with marrow stem kale were laid

down in 1954. Fach conformed to a similar design with the following

treatments.

Ammonium Sulphate 0, 4 and 8 cwt./acre (NO,N1, N2)
Superphosphate O, 3 and 6 cwt./acre (po, P1, P2)
Potassium Chloride 0, 1" and 3% cwt./acre (KO, K1, K2)
Salt 0 and 4 cwte./acre (S0, S1)

The basic layout of each was a standard 3 x 3 x 3 design of 27 plots
in 3 blockg of 9 plots with the NPK interaction confounded between
blocks. Salt was applied to a random half of each of the main NPK
treatments. .

One further experiment of this tﬁpe (Kele 3) was carried out in
1955, only with thousand-head in place of marrow stem kale.

The partition of the degrees of freedom for the analysis of variance

in the above design is as follows.
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Main Plots : . Split Plots
d. of £ | - d. of fi
Blocks 2 Main Effect S -1
Main Effects N 2 Interactions NS 2
P 2 PS 2
X 2 XS 2
Interactions - ' NP 4 NPS 4
NK 4 NKS 4
PK 4 PKS 4
Residual 6 Residual 8
Total 26 Total 27

The second experiment in 1955 (Kale 4) on marrow stem kale used
a simpler design involving only phosphorus, .potassium and salt. The

treatments weres;

Superphosphate 0, 3 and 6 cwt./acre (PO, P1, P2)
Potassium Chloride 0, 1% and 3 cwt/acre (KO, K1, K2)
Salt 0, 3 and 6 cwt./acre (S0, S1, S2)

Bach plot in addition received 6 cwt. of ammonium sulphate per
acre.

Two further experiments (Ka;g 5 and Kale 6) were laid down in 1956,
the first with marrow stem and the second with thousand head kale.

The treatments were;

Ammonium Sulphate 0 and 6 cwt./acre N.
Superphosphate O and 3 cwt./écre E.
Potassium Chloride 0 and 2 cwt./écre X.

Salt O and 4 cwt./acre Se
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The various treatments were arranged in a factorial design in 4
blocks of 8 units. The NPKS interaction was confounded in each of
the two complete replicates.

The analysis of variance is as follows.

d., of f.
Replications. 1
Blocks in Reps. 2
Main Effects. (4) , : 4
Interactions:
2 Factor (6) 6
3 Factor (4)
Residual 14
Total 31

The kale was invariably grown on slightly ridged land, the ridges
being about 27 inches apart. The fertilizers for each plot were
thoroughly mixed and sown by hand to the ground after the first
harrowing but before the final seed bed preparations. In this way
they were well intermixed with the soil during subsequent cultivations.
Normally about a week elapsed between the datekof fertilizer application
and the sowing of the seed.

‘ Only half of the total ammonium sulphate dressings of 6 and 8 cwt.
per acre were given in the seed bed. For these high rates, half was
applied at sowing time and the remaining half top dressed at singling.

The experimental areas were in each case sited in convenient
positions in fields of ksle on various farms. They were cultivated,
sown, singled and weeded etc. at the normal times in conjunction with

the remainder of the field by the farmer. Harvesting took place in
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late October and early November before the onset of serious frosts.

Plot Size.

In each eiperimenf the plot size used has been 0,01 acre. 1In the
first three experiments the main plots were twice this size to allow
each half-plot receiving salt to be of similar area. Bach plot
(or half-plot) was 6 rows wide, generally the spacing being 27 ins.,
and about 33 ft. in length. The central four rows were harvested for
1 yield determinations and samples for analysis were taken from this area.

Edwards‘(1954) and Halliday (1954) have both reported satisfactory
results from using this size of plot. Halliday found that coefficients
of variation in kale experiments using nitrogzen were between 7 and

8% for dry matter yields.

Sampling.

The nature of the kale plant is such that fertilizers may alter
the leaf/stem ratic and in view of the difference in composition of
the separate parts it wag decided to obtain separate samples of 1eaf
and stem for analysis.

The kale experiments were singled as well as possible, but
inevitably a few pairs or closely spéced plants were left. This
naturally leads to the occurence in any one plot of a very small number
of plants which are generally quite atypical from the remainder,
usually being much smaller and stunted. It is obvious that such plants
do not contribute to the total weight in relation to their numbers

and that their composition might differ markedly from the remainder.
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They must therefore be rejected in sampling and thus the samples taken
will not be truly random but restricted to selection from the more
normal plants in each plot. In any event, these will be the great
majority and the preponderating factor in total yield.

Other workers have adopted the same attitude. Edwards (1945)
took six plants per plot and rejected anyr obviously atypical plants
in his "random" selection. ' Hallidgy (1954 ) recommends that a "fixed
number" (unspecified) of "typical plants™ be taken.

There are obvious limitations to the number of plants which can
be taken to form a representative composite sample of kale in view of
the bulk of material involved. Investigations have been carried
out in areas adjacent to Experiﬁents 1 and 2 to determine a suitable
number of plants to be sampled for analysis.

From an area of 0.l acre, ten groups of 12 plants were taken to
represent individually the kale in that area. The plants were cut
at about 3 ins. above ground level. Obviously atypical plants were
rejected during the selection. The procedure then adopted was to
strip the leaves from the stems. During this process three leaves
from each plant were collected separately. One was taken from the
top third, one from the middle portion and one from the bottor third
of each plant. These 36 leaves then formed the laboratory sample
for dry matter determination and subsequent analysis. During this
separation, any surplus water adhering to the leaves is well shaken

off.

The bulked leaves and stems from each group of 12 plants were



- 42 -

weighed separately, the sum giving the total fresh weight. The leaf

subsample was chopped, reduced in size by quartering, dried at 10000,

reweigﬁed and finally ground. The 12 stems were treated in a similar
manner.

Table 12 details: the results of these investigations with respect
to fresh weight, leaf/étem ratio and %-D.MJ,‘and Table 13 gives the
analyses of the dry matter for the separate samples from the area
adjacent to Experiment 1. The analyses were carried out by the
methods previously described. Expressed on a 9 basis, all the errors
fall between 7 and 10% of their respective means, with the exception
of the dry matter % which are rather smaller. This order of

magnitude is generally acceptable in this type of work and was

surprisingly small.

Table 12, Investigations into Sampling Error
(Sampling Unit. 12 Plants)
EXPERIMENT 1. ' EXPERIMENT 2.,
Sample | Fresh Leaf/stem % D.N. Fresh Leaf/stem % D.M.
P2€ | wt. lbs.  ratio  LEAP STEM |wt. lbs.  ratio  LEAF STEM
1 30.5 1.44 11.4 10.0 29.0 1.70  12.2 10.0
2 30.0 . 1.50 11.6 10.5 31.5 1.52 12.4 10.0
3 33.5 . 1.39 11.8 10.6 33.5 1.62 12.3 10.1
4 30.0 1.40 11.2 10.4 28.5 1.62 12.7 10.4
5 34.5 1.30  11l.4 10.2 29.0 1.45 12.5 10.6
6 31.5 1.63 11.7 10.7 27.0 1.30 12.1 10.2
7 30.5 1.26 11.3 16.2 33.5 1.22 12.6 10.7
8 30.0 ° 1.31 11.9 10.8 | 31.0 1.65 12.7 10.0
9 34.5 1.30 11.2  10.4 29.0 1.50 12.2 10.2
10 34.0 1.19 11.9 11.0 | 30.5 1.31 12.3  10.4
Mean 31.9 1.37 11.5 10.5 30.3 1.50  12.4 10.3
. S. Dev. as '
| % of mean 6.22 9.40 2.38 2.91 7.11 10.00 1.70 2.56
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Table 13. Investigations into Sampling Error.
(Sampling Unit, 12 Plants)
% Composition of the Dry Matter.
LEAT | STEM
Sample| Na K Ca Mg P Na X Ca Mg P
10| L300 2.40 2,70 .116  .275 | .350 3.45 .90 .152 .310
» 2 265 2,65 2.24 122 « 300 305 3,65 .96 138 «325
3 .295 2,50 2.12 142 . 305 345 3.50 «G6 .160 « 310
4 255 2.55 2,06 .126 . 290 .300 3,05 .96 160 275
5 270 2,35 2,36 0142 .265 .325 3.25 .80 .166 . 280
6 .285 2.40 2.04 110 «285 300 3,40 .84 132 225
T 260 2.65 2.46 146 .315 <340 3.70 .80 166 « 280
8 «295 2.30 2.04 .136 . 30C e325 3,75 .96 .132 « 270
9 0290 2.30 2.12 . 146 . 280 «340 3,35 92 . 148 « 320
10 2235 2,10 2.20  .122  .305 .265 3.85 .84 .162  ,295
Mean 275 2.47 2.22 . 130 .292 «322 3.50 «86 152 « 299
S. Dev.
as % T74 8.22 9.63 10.15 5.38 T.02 714 7T7.61 8.82 Te22
mean.

A further check on the validity of using 12 plants as representative

of each plot has been made.

For each of the first four experiments,

the weight of the 12 plants sampled have been plotted against the total

weight of material harvested from each plot.

to take 3 plants from each of the four harvested rows.

Fig. 4 shows

The normal practice was

the good general correlation between sample weight and total harvested

yield.
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KALE BEXPERTMENT 1. 122&.

Site Balloch, Dunbartonshire.
Soil Red sandstone drift. Freely drained.
Exchangeable Na 8.0 mgs %

1% citric sol P 5.0 mgs % Deficient
1% citric sol K 8.5 mgs % Low
pH 6.2
Previous Cropping
1953. Oats. No fertiligzer except Nitro-chalk.

1952, Permanent grass.

Variety Marrow Stem.

Fertilizer Treatments and Layout.

The experiment consisted of all combinations of ﬁhe‘following
treatments;
Ammonium Sulphate 0, 4 and 8 cwt./acre (NO, N1, N2)
Superphosphate - 0, 3 and 6 cwt./acre (PO, P1, P2)
Potassium Chloride 0, 1% and 3 cwt/acre (KO, K1, K2)

Salt 0 and 4 cwt./acre (SO, S1)

The treatments were arranged in a standard 3 x 3 i 3 layout of
27 plots in 3 b;ocks of 9. The salt treatment was applied to a
random half of each plot, giving 54 plots in all.

The crop grew well throuchout and the mean yield of fresh kale
was 18 tons per acre. There were large increases in yield from both

ammonium sulphate and superphosphate.

)
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Data regarding the yield and chemical composition of the crop are

presented in the Appendix, Tables A 1 - A 7.

Yields of Fresh and Dry Matter. (a2)

The mean yield of fresh kale was 17.89 tons. Individual plots
varied from 12.5 to 23.6 tons. The range of dry matterbyields was
from 1.477 to 2.628 tons, the mean bheing 1.989.

Salt significantly increased the yields of both fresh and dry
watter by 0.87x and 0.0993'E tons respectively. 1In each case there ware
appreciable negative ¥S and PS inferaotions. “alt thus increased the
yield by about 1.60 tons of fresh kale in the absence of either
superphosphate or potassium chloride but by only about 0.20 tons in
their presence. The negative PKS interactions were also considerable.
Salt gave appreciably better returns in the presence of amnonium
sulphate (1.34 tons fresh and .182 tons dry) than in its absence (0.16
tons and .022 tons respectively).

Ammonium sulphate had large and very significant effects on the
yields of both fresh and dry matter. The increases from the 8 cwt.
application were 4.?.9§E3€ and .2783(E tons respectively.

Superphosphate also increased yields significantly. The fresh
weight increase was 2.85Kai tons and the dry matter increment .291’E tons.

Potassium Chloride was slmost without effect. It increased the

vield of fresh kale by only 0.48 ton.

Composition of the Dry Matter.

Sodium (a3)

The meen % Na in the leaf and stem were .383 and .332. Very
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large variations were found from plot to plot. The lowest values
(.110 and .115 respectively) occurred in the NO PC K2 plot and the
highest (.885 and .820) with the N2 PO XK1 S1 +treatment.

Salt had very large and significant effects, the increases in the
leaf and stem being .151Xje end .121™% g respectively. Agmoni e
sulphate and superphosphate had little influence on the effect of galt
(although individually thzy had considerable influences) but potassium
chloride much reduced the ability of salt to increase the sodium
uptake. Thus, in the leaf, in the absence of potassiwm chloride salt
increased the % Wa by .298% but by only .O79% in its presence. In
the stem the increases were .222 and .053 respectively. These
negative ES interactions were both very significant.

Ammonium‘sulphateiincreased the % Na by .154XK in the leaf and
by .ZIOKXﬁ in the stem. The increases were reduced in the presence
of potassium (.105* and .164*x) and correspondingly greater (.2513&3E
and .377K§) in its absence. The negative NK interaction reached
significance at the 5% level in the stem.

Superphosphate also had marked effects. The . Na was incressed
by .059% in the leaf and by .070"* % in the stem.

Potassium chloride greatly depressed sodium uptake. In the leaf,
the level fell from .535 to 279 when 5 cwt. per acre were applied.
In the stem the fall was from .463 t0 .247. Both these reductions

were highly significant.

Potassium (ag)

The mean % K in the leaf and stem were 2.44 and %.49 respectively.
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The lowest values of 1.85 and 2.90 were found in the NO PO X0 S1 plot
and ranged up to 3,159 in the leaf and 4;05‘,”5 in the stem.

Salt reduced the 75 K in the leaf by 0.12 and in the stem by .05%
The effects of salt in association with cther fertilizers were rather
irregular but the fall in potassiumblevel was generally less when
superphosphate and potassium chloride were given with the salt and
greater in the presence of ammonium sulprate. None of the effects
and interactions were significent.

Armonium sulphate depressed the f/f', X in the leaf by .17*?75- but
increased it by a small amount (.07%) in the stem.

Superphosphate tended to reduce the potassium levels in both
leaf and stem.

Potassium chloride itself significantly increased the potassium
content of both leaf and stem, the rises in % K being .393@E and .40:+E3§
reséective]y. Other fertilizers did not materially influence the

main potassium effect.

Calcium (45)

There was little varistion from blot to plot in the calcium
contents of either leaf or stem. The mean values were 2.20 and
- 0.90% respectively. |

Salt depressed the level in the leaf by .05% but increased it
glightly in the stem by‘ .02%. TNeither effect approached significance
and the influence of salt was in no way consistént.

Ammonium sulphate had no effect on calcium uptake, the inereages

in % Ca in leaf and stem being .02 and .04 respectively.



- 48 -

Superphosphate reduced the % Ca in the leaf by 0.10% and in the
stem by 0.05%.
Potassium chloride also reduced the calcium levels in leaf and

stem by 0.05 and 0.04 respectively.

Magnesium  (A6)

The mean % Mg in the leaf was .123 and in the stem, .152. There
were no marked influences due to fertilizer treatment.

Salt depressed the level in the leaf by .005% and in the stem
by .012%, but neither effect reached significance.

Armonium sulphate was almost without effect. 8 cwt. reduced the
the %§Mg in the leaf by .004 and increased the amount in the stem
by .002.

Superphosphate tended to depress the magnesium uptake. There
were falls from .127 to .124 in the leaf and from .159 to .149 in the
stem.

Potassium chloride behaved in a similar mamner. There were

reductions of 004 in the leaf and .003 in the stem.

Phosphorus (A7)

The mean values of ﬁ.P in the leaf and stem were .28% and .320,

Salt increased the level in the leaf by .010 and in the stem by
.Ol9x%. There were quite large negative PS interactions and in the
stem this reached -.043*%. Only in the absence of superphosphate did
salt increase the level of phosphorus in the stem and then by as

much as .O40ﬁ, In the absence of both superphosphate and potassium

- . *‘(
chloride the increase was .072%.
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Amnonium sulphate had the effect of increasing the % P in the
leaf by .016% and in the stem by .006%.

Superphosphate itself significantly (P = .05) increased the
level in the stem from .272 to .295 and in the leaf from .301 to
<332,

Potassium chloride had a small depressive influence of about

.008% P in both leaf and stem.
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KATLE., EXPERTMENT 2, 1954

Site Balfron, Stirlingshire.
Soil Red sandstone/alluvial drift.
Deep, freely drained.
Exchangeable Na 5.0 mgs %
1% citric sol, P 10.0 mgs % Low
% citric sol. K 9.0 mgs.% Low
pH 6.8

Previous Cropping

1953 QOats Wo fertilizer except Nitro-Chalk

1952 Potatoes NPK fertiliger
Variety Marrow stem

Fertilizer Treatments and layout.

The treatments and design of this experiment were as
for Experiment 1, namely; all combinations of 0, 4 and 8 cwt. of
ammonium sulphate, O, 3 and 6 cwt. of superphosphate and 0, I%'and 3 cwt.
of potassium chloride in a 27 plot layout with 4 cwt. of salt applied
to a random half of each plot.

The crop grew well throughout the season, the mean yield being
15 tons of fresh kale per acre. Ammonium sulphate gave large yield
increments. Séme damage occurred in mid-summer due to the action of
rabbits and this is reflected in the rather high standard error. It
did not in any way obscure the main fertilizer effects. The interior
of some of the stems on the plots with the highest nitrogen treatment

were hollow and slightly brown, features similar to boron deficiency,
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but the ecrop did not seem to be adversely affected.

Tables A8 - Al4 present the crop yields and analyses.

Fresh and Dry Matter Yields (A9)

The mean yields were 15.46 tons of fresh kale and 1.882 tons of
dry matter. Individual plot yields varied from 6.48 tons (NO PO KO SO)
to 21.56 tons (N2>P2 KO S1) primarily as the result of the nitrogen
treatment.

Salt significantly increased the yield of both fresh (0.95* tons )
and dry (0.099EE tons ) matter. In each case there were large and
significant negativ;?interactions; -3.00** tons for the fresh kale and
-0.531x tons for the dry matter.

Ammonium sulphate had large effects. The fresh weight increase
wa.s 6.25§X>tons an@ although thefe{was a fall in dry matter %, the dry
weight was also increased by 0.515K tons. These increasges tended to
be greater in the presence of superphosphate.

Superphosphate also increased the yield of fresh kale by 1.27 tons
and of the dry matter by .110 tons. There were quite large negative
PX interactions. |

Potassium chloride had a smaller influence on yield, the increases

being 0.50 tons of fresh material and 0.063 tons of dry matter.

Compcsition of the Dry Matter.

Sodium (410)
The leaf had a mean content of .329%§Na and that of the stem was

.324%. large variations were found from one treatment to another

ranging from .090 and .110% in the leaf and stem of the NO PO KO SO
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plot to 950 and .875% respectively in the N2 P2 KO S1 plot.
| 8alt had a large and consistent influence on sodium uptake. The
amounts in both leaf and stem were raised by .164“*%, There were
also substantial negative interactions with the other three supplied
nutrients. None reached significance, but the KS interactions were
almost so.
Ammonium sulphate had large and significant effects; the sodium

W |
% in the stem.

level was raised by .297§x% in the leaf and by .286
These increments were even greater in the absence of potassium.
Superphosphate had a much smaller influence. The levels in the
leaf and stem rose by .037 and .015 respectively and in each case the
NF interaction was +.050.
Potassium chloride markedly and very significantly depressed
sodium uptake. The % Na in the leaf fell from .471 to .295 with
the 15 cwt. application and to .221 with the 3 cwt. dressing. In the
stem the fall was from .460 to .303 to .208% Na. In both leaf and
stem there were large and significant (P = .01) negative NK interactions

3*

of -.267mi and —.2235‘ respectively. These led to much greater
reductions in the % ¥a from potassium when high nitrogen applications
were given, e.ga. In the leaf the mean for the N2 KO treatments had .731%

Wa, but for the N2 K2 treatments the level was ;277% Na.

Potassium (A11)
The mean % K in the leaf and stem was 1.64 and 3%.18 respectively.
Individual plots varied from 1.10 to 2.40% K in the leaf and from

2.25 t0 4.55% in the stem, primarily due to the effect of potassium




chloride.

Salt had no influence. It raised the % K in the leaf by .03 and
reduced it in the stem by .07%. There was a tendency‘ for the depressive
effect to ﬁe greater in the presence of superphosphate.

Armonium sulphate reduced the 7 K in the leaf by 0.07% but increased
it by 0,387 in the stem.

Superphosphate raised the % K in the leaf by 0.17% and in the stenm
by 0.08%.

Potassium chloride itself had larger and more significant
incremental effects. The rise in Athe leaf was from 1l.52 to 1.89
(sig. at 57 level) and in the stem from 3,06 to 3.48. In the leaf

the PX interaction (+0.37%) was also significant.

Calcium (A12)

There was 13’.ttlé variation in the calcium figures. The mean % Ca
of the 1eéf was 2.19 and of the stem, 0.78%,

Salt depressed the calcium 1level in the leaf-by’0.0}?fﬁ but was
without influence on the stem. There were quite large negative KS
and PS interactions in the leaf.

Amwonium sulphate reduced the ¢ Ca in the leaf by 0.15 and in
the stem by 0.01%  The positive NP iriteraction of 0.06 in the stem
was significant (P = .05) but there was a negative one of =0.17% in
the leaf.

Superphosphate reduced the ¥ Ca in the leaf by C.04 end in the
stem by 0.05x‘7§.

Potassium chloride had a si.milar effect to superphosphate, a fall
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. %,
of 0.07% in the leaf and of 0.07% in the stem. The negative NK

interaction in the stem of -0.05% was significant (P = .05).

Magnesium (A13)
The leaf had a mean Mg % of .089 and that of the stem was 1337

Salt had no overall effect on the magnesium content., It daia

cro

Lowever tend to increase the j lig on plots without potassium chloride
but to decrease it when given in association with potassium. It
also increased the ilmg in the absence of ammonium sulphate, but
decreased it in its presence.

Ammonium sulphate increased the 7?Mg'in the leaf from .086 to
.095 which was almost significant and in the stem from .126 to .141
which did reach significance at the 5% level.

Superphosphate was without effect.

Potassium chloride reduced the %ZMg in the leaf by .012% and

in .the stem by .010*%.

Phosvhorus (414)

<~

The mean values for % P in the leaf and stem wefe 0310 and 360
respectively., There was considerable Variation from plot to plot
and ammonium sulphate, superphosphate and salt increased the levels.

Salt increased the % P in the leaf by .014KK%~and in the stem
by'.Oldﬁ; In the leaf there was a negative NS interaction of -.017
and a negative ¥8 interaction of ~.027£%;

Ammonium sulphate increased the level of phosphorus but only in
the leaf. The rise was .O40xf.

Superphosphate itself raised the % P in both the leaf and the stem
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NK and PK interactions.

KALE

Potassium chloride did not influence phosphorus uptake.

EXPERIMENT 3, 1955

Cochno, Dumbartonshire.

Heavy loam. Poorly drained.
Exchangeable Na 6.0 mgs %
1% citric sol. P 12.5 mgs % Satisfactory.
1‘75 citric sol. K 12.5 mgs ‘/”é Satisfactory.i

bPrevious Cropping
1954 Potatoes Poor crop, manuring unknown.
1953 Oats manuring unknown.

Variety Thousand head
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Fertilizer Treatments and Layout.

The design of the experiment was as for Experiments 1 and 2.
Three levels of nitrogen, phosphorus and potassium as before weré
arranged in a 27 plot layout with the salt treatment applied to a
random half of each plot, giving a total of 54 plots.

The crop yielded 13,5 tons of fresh kale per acre and ammonium
sulphate gave very large increases.

Information regarding the yield and composition of the crop

are given in Tables AlH - A21,

Yields of Fresh and Dry Matter. (A16)

The mean yields of fresh and dry kale were 13.6 and 1.87 tons
respectively.j Ammonivm sulphate had a large influence on yield and
the fresh weight of individual plots varied from 5.2 to 20.8 tons in
consequence.

Salt had significant effects on yield, the fresh weight was
increased by 0.97x tons and the dry matter by 0.10735 tons. In each
case there were negative KS interactions of -0.39 and ~0.076 tons
respectively, but neither reached significance. There was also a
large negative PS interaction for dry matter yields.

Ammonium sulphate increased the yield of fresh kale from 9.44 to
14.19 tons when applied at the 4 cwt. rate and to 17.19 tons at the
8 cwt. level. The increases in dry matter were from 1l.446 to 1.972
to 2.193 tons. All the increases were significant. There were
émall positive NK interactions.

Superphosphate had only a slight effect on yield: fresh and dry



..57..

matter increases being only 0.34 and 0,096 tons respectively.
Potassium chloride also had little influence. 3 cwt. increased
the yield of fresh kale from 13.27 to 13%.69 tons and of dry

matter from 1.863 to 1.884 tons.

Composition of the Dry Matter.

Sodium (A17)

There were large variations in the 75Na.resu1ting from applications
of ammonium sulphate, potassium chloride and salt, The mean values
for leaf and stem were .270 and .223, but the extreme contents of the
leaf varied from .030 (NO PO K1 SO) to .825 (N2 PO KO S1). The
corresponding values for the stem were .025 and .800%.

Salt had large and significant effects. In the leaf, the %rNa
was increased by .064§K%rand in the stem by 9073Kx%. There were
considerable interactions with other fertilizers. The NS, KS and
PS interactions were all large and negative: salt itself thus
increased the % Na considerably more in the absence of other
fertiligers.

Ammonium sulphate progressively and very significantly increased
the % Na from .125 to .252 to «434% in the leaf and from .116 to o171
to +382 in the stem. The increases were much greater in each case
in the absence of potassium chloride and the negative NK interactions
of =.256™% in the stem and -.232"% in the leaf were both significant.

Superphosphate had little influence on sodium uptake. It
reduced the level in the leaf by .016 and in the stem by .041%.

Potassium chloride in increasing quantity progressively reduced
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the level of sodium in the leaf from .434 to .253 to .124% and in
the stem from o376 to .210 to .084%. These effects were significant

at the 1% level.

Potassium (A18)

Thé mean % K in the leaf was 2.63 and in the stem 2.84. There
were large variations resulting from the application of potassium
chloride. |

Salt increaéed the % X in both leaf and stem by 0.10%. Iarger
increases occurred in the presence of potassium chloride than in its
absence.

Ammonium sulphate tended to reduce the potassium level in the
leaf, but to increase it in the stem, but the effects were small,

Superphosphate had no effect on potassium uptake,

Fotassium chloride itself had large and very significant influences
on the % K. From a level of 2.19% in the leaf it was raised to 2.60
by 1%-cwt. and to 3.16 by 3 cwt. In the stem the increéses were

from 2.36 to 2.88 to 3.28%.

Calcium (Al9)
The mean % Ca of the leaf and stem were 2+33 and 0.79 respectively.
Salt reduced the level in the leaf by .02 and in the stem by
.055%. In each case the fall in the calcium 1évél was greatest wﬁen
salt and potassium chloride were 2pplied together. In the stem, salt
reduceci the % Ca by .086 in the absence of superphosphate, which was
almost significant.

Ammonium sulphate had no appreciable effect on the calcium level
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in the leaf, but increased it in the stem by .08% which almost reached
significance.

Superphosphate did not influence the calcium uptake,

Potassium chloride depressed the calcium level in the stem by

.010*% but had no effect in the leaf.

Magnesium (420)

The magnesium content of the leaf was .152%~and of the stem
.161%. Potassium chloride and superphosphate tended to reduce the
levels and ammonium sulphate to increase them, all by significant
amounts.,

Salt reduced the % Mg in the leaf and the stem by .01l and .009
respectively. Salt had a greater depressive effect when applied
without potassium chloride and the KS interaction of +.027 in the stem
was almost significant. Egually, in the stem there was an almost
significant PS interaction of -.026; salt only depressed the %gMg in
the presence of superphosphate.

Ammonium sulphate increased the ﬁ'Mg in the leaf from .139 to
.160 (Sig. at 5% level) but did not affect the level in the stem.

Superphosphate reduced the level in the leaf from .162 to
.136 (sig. at 57 level) but did not alter the stem content.

Potassium chloride also reduced uptake in the leaf by .034ﬁ¥%

and was without effect on the stem.

Phosphorus (A21)

The mean %IP in the leaf was .180 and in the stem, .210.
Variations from plot to plot in leaf P were from .125 to .245 and

in stem P from .170 to .280.
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Salt depressed the uptake by .008 % in the leaf and by .0213&%
in the stem. In the leaf there was a marked positive PS interaction
of .021*%. Only in the absence of superphosphate was salt important
in reducing phosphorus uptake.

Ammonium sulphate did not alter the phosphorus levels.

Superphosphate itself significantly increased the %P in the leaf
by .015™% and raised it in the stem by .008%.

Potassium chloride also enhanced the phosphorus contents of both
leaf and stem. In the former the increase from a 3 cwt. dressing was

from .175 to .186 (sig. P = .05) and in the stem from .200 to .227%.
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KALE  EXPERIMENT 4. 1955.

Site Balloch, Dumbartonshire.
/
Soil Red sandstone drift. Wedium loam, freely drained.

Exdhangeable Na 45.0 mgs. %
1% citric sol. P 4.5 mgs. ¢ Deficient.
1% citric sol. K 11.0 mgs. # Low.

pﬁ 6.0
Previous Croppings
1954 Oats 2. cwt. Ammonium Sulphate
1953 Permanent grass

Variety . Marrow stem.

Pertilizer Treatments and Layout

The treatments were as follows;

Superphosphate 0, 3 and 6 cwt. (PO,P1,P2)
Potassium chloride 0, 1% and 3 cwt (KO,K1,K2)
Salt 0, % and 6 cwt. (80,51,52)

These were arranged in a standard 3 x 3 x‘3 layout of 27 plots
in 3 blocks of 9. In addition, each plot received 6 cwt. of ammonium
lsulphate.

The crop yielded 13.5 tons per acre, superphosphate giving
noticeable increases.

Tables A22 -~ A28 present the yield and composition of the separate

treatments.
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Yields of Fresh and Dry Matter (423)

The total mean yield of fresh kale was 13.56 tons and that of
dry matter, 1.693 tons. Superphosphate had a large effect on yield.
Salt at 6 cwt. per acre incressed the yield of fresh kale by
1.27 tons and of dry matter by .085 tons. There were no marked
interactions between salt and other fertilizers except a negative
ES interaction of .208 tons of dry matter.

Superphosvhate greatly increased both the fresh and dry weight
at both rates of application, the former by 4.711@E tons and the latter
by 0.578§§ tons. There were appreciable, but non-significant negative
PX interactions.

Potassium chloride had only a small effect on yield. 3 cwt.
increased the fresh weight by 0.83 tons and the dry matter by only

.020 tons.

Composition of the Dry Matter

Sodium (A24)

The mean % Na in the leaf was ,477 and in the stem, .582. Very
large variations were found from plot to plot, the range in the leaf was
from .095 to 1.270% and in the stem from .110 to 1.520%.

8alt had large and significant effects on sodium uptake, 'The
mean %QNa of the untreated plots was .249 in the leaf and .300 in the
stem. Salt at the double rate increased the levels to 651 and .780%
respectively. Both these differences and the smaller ones resulting

from the 3 cwt. aprlication were highly significant. There were

large and significant negative ¥S interactions. These resulted in
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salt exerting a greater influence on the sodium level when applied
without potassium chloride. In the leaf the mean % Na rose from
«282 to 1,062 in the absence of potassium but from .247 to only
«317 in its presence.
Superphosphate had no overall influence on sodium uptake.
Potassium chloride had a large and very significant depressive
influence on the sodium ﬁ‘in both leaf and stem. In the leaf the ?iNa

fell from 654 to .318% as increasing amounts of potassium were given.

There was a similar fall in the stem from .793 to .352%.

Potassium (A25)

The mean content of potassium was 2.62¢ in the leaf and 4.l4¢=in
the stem. Individual plots varied in analysis from 1.75 to 3.75% in
the leaf and from 2.65 to 5.50% in the stem, principally due to
the influence of potassium chloride.

Salt generally depressed the potassium content of both leaf and
stem by about 0.3% when given at 6 cwt. per acre. This was Just
significant in the leaf, but not in the stem.

Superphosphate also reduced the potassium by similar amounts.

Potassium chloride itself markedly increased the potassium status.
The %'K in the leaf rose from 2.18 to 2.66 and 5.03%'with increasing
levels of applied potassium. In the stem the increases were from

3.70 to 4.31 to 4.41% K.

Calcium (A26)
The mean % Ca in the leaf and stem wiere 2.65 and 0,91 respectively.

Variations from plot to plot were small.
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Salt tended to reduce the % Ca in the leaf but by only 0.16% and
was without effect in the sten.

Superphosphate did npt influence the calcium content of the leaf,
but reduced that in the stem by O.l4x%‘When-applied at 6 cwt. per acre.

Potassium chloride reduced‘tﬁe % Ca in the leaf by O.ZSK% but was

without effect on the stem.

T

Masmesium (A27)

Both the leaf and the stem had mean magnesium contents of .163%.
Variation from plot to plot was not very great. Occasional values as
low as .100 and as high as . 200% were recorded, but there were no
significant trends. |

Salt had little effect, the tendency being to reduce the ?ZMg by
less than .O10%.

Superphosphate stimulated magnesium uptake in the leaf, the rise
from the 6 cwt. application being from .148 to .172% but there was a
corresponding reduction in the stem from .168 to .157%.

Potassium chloride reduced the %VMg in the leaf from .172 to .156
but this change reversed in the stem, the increase being from .159 to

.168%.

Phosphorus (a28)

The mean %HP in the leaf and stem were .212 and .264 respectively.

8alt did not influence the phosphorus uptake.

Superphosphate itself increased the level in the leaf by .0243%
and in the stem by .063%7 when apnlied at 6 cwt. per acre.

Potassium increased the 7 P slightly in the leaf and reduced it

similerly in the stem.
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KALE  EBXPERIMENT 5. 1956.

Site Eaglesham, Renfrewshire.
Soil Heavy clay loam. Poorly drained.
Ashgrové series.
Exchangeable Na, 3.5 mgs. %
1% citric sol. P 3.5 mgs. % Deficient.
1% citric sol. X 5¢5 mgs. %  Low.
Previous Cropping Permanent grass. Rather poor.
Variety Marrow stem

Fertilizer Treatments and Iayout

The fertilizers used were

Ammonium Sulphate O and 6 cwt. X
Superphosphate O and 3 cwt. P
Potassium Chloride 0 and 2 cwt. K
Salt 0 and 4 cwt. S

The treatments were arranged in 4 élocks, each of 8 pnlots. There
were thus two replicates of 16 plots and the NPKS interaction was
confounded Ttween each of them.

The mean yield of fresh kale was 14.7 tons per acre. There was
a large response to superphosphate and smaller ones to ammonium
sulphate and potassium chloride.

The effects of the fertilizers on the yield and composition of

the crop are given in Talbles A29 - A35,
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Tresh and Dry Natter Yields (A30)

The mean yields of fresh and dry kale were 14.70 and 1,793 tons
respectively. = All fertiligzers with the exception of salt had
significant effects on yield and in consequence the yields of kale
varied from 2.12 to 23%3.80 tons with different treatments.

Saltvhadqsmall effect on yields It increased the weight of
fresh kale by 1.06 tons and of dry matter by .149 tons. Rather
larger increases were found when salt was applied in the absence of
rather than together with other fertilizers, particularly potassium
chloride.

Ammonium sulphate increased fresh and dry yield by 1.9353 and .179JEK
tons respectively. There were marked positive NP interactiéns of
1.69’E and .144 tong but the NS and NK interactions were both negative
and amponium sulphate only gave significant yield increases in the
absence of either salt or potassium chloride.

Superphosphate had very marked effects on yield. The fresh yicld
was increased by as much as 7.113@E tons and the dry matter by
.814x¥vtons. In addition tc the positive NP interaction there were
also PK interactions of 1.82" tons for the fresh and .173 tons for
the dry matter yields.

Potassium chioride also had significant effects on yield; the

weight of fresh kale rose by 5.4oxx tons and of dry matter by .3323E3E tons.

Composition of the Dry Matter.

Sodium (A%1)

The mean ﬁ Na in the leaf and stem were very similar, .348 and .349
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respectively. Iarge variations occurred from plot to plot. e.g. In
the lzaf, 065% in an NK plot ang 1,070 with the PS treatment. In
the stem the amounts were .105 and 850 respectively.

Salt had large and very significant effects on the sodium uptake.
The mean increase in the leaf was o265 ¢ end in the stem, .199 ¢
In both cases the increments were larger in the presence of superphosphate
(.349™ and .259™) and in the absence of potassium chloride.(.408™"
and .309§X} The negative KS interactions of —.159Xx in the leaf and
~.266™" in the stem were very large.

Ammonium sulphate had a small but significant depressive effect
on the sodium content. The % Na in the leaf fell by .065 % and in
the s£em the reduction was .O6OE%‘ Rather larger depressions in the
stem content were found on plots from which salt or sﬁperphosphate
had been omitted.

Sﬁperphosphate enhanced the sodium uptake by mean amounts of
.124™*% in tre leaf and 1157 in the stem.  Only smwall and non-
significant increases were found from superphosphate when salt was
not applied,‘but they were correspondingly larger vwhen both fertilizers
were applied together. Superphosphate also increased the % Na more
in the absence of potassium chloride.

Potassium chloride markedly reduced the 7 Na in the leaf by _
-.292“5% and in the stem by -,266XK%. On vlots where salt was also
given, the depressions were as high as —.4le§% in the leaf and

-.576xx %‘in the stem, but there were no marked interactions with

other fertiligzers.
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Potassium (A32)

The mean potassium content of the leaf was 2.19%-and that of the
stem, 3.91%.  Considerable variation was found from plot to plot.
Levels as low as 1.20% and as high as 2.90% were found in the leaf
and in the stem the variation was from 2.60 to 4.80%.

Salt was entirely without influence on the potassium uptake,
the mean increases in leaf and stem being only .06 and .12% respectively.

Ammonium sulphate increased the % K in the leaf by .24™% and by
greater amounts in the absence of either superphosphate or potassium
chloride. The level in the stem was raised by 0.57 % X and again
larger increases were obtained in the absence of superphosphate and
potassium chloride.  The negative NP and NK interasctions for the stem
were both significant.

Superphosphate markedly reduced the potassiuwr levels. The mean
falls in % X were -.41% in the leaf and ~.25 ¢ in the stem.

Rataer larger depressions (-.65x and -.47xﬁﬂ) were found on plots
to which ammonium sulphate was also given.

Potassium chloride itself greatly enhanced the potassium uptake.
Increases of .88§K% in the leaf and 1,12KE% in the stem were found.

In the absence of nitrogen, even greater stimulation was recorded.

Calcium (A33)
The mean % Ca in the leaf was 2.95% and in the stem, 1,07¢.
Salt reduced the calcium content of the leaf significantly
(—.27xx%) and even larger ra=ductions were found in the absence of
ammonium sulphate or potassium chloride or in the presence of

superphosphate. Salt had a2 smaller and more consistent depressive
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influence on the ‘,’75 Ca in the stem.

Ammonium sulphate increased the calcium levels of botkh leaf and
stem by .10 and .07% respectively. There were rather larger increases
in leaf calcium from ammonium sulphate given in the presence of salt
or in the absence of potassivm chloride.

Superphosphate increased the % Ca in the leaf by O, 263&%, but was
without effect on the stem. There was a gignificant PS interaction
of =~1777 in the leaf.

Potassium chloride did not alter the overall calcium level in the
stem, but there was a significant negative PK interaction of -.175*‘,’23.
It reduced the amount of calcium in the leaf by -—.16*75. In the

absence of salt the fall was —.393&%, in the absence of superphosphate,

-.25%, and in the presence of ammonium sulphate, =.39" %,

Magnesium (A34)

The mean %I\ﬂg in the leaf and stem were .140 and .200 respectively.
There_ was very 1itt1e>variation from one treatment to another.

Salt reduced thé al g in the leaf by .008 and in the stem by .0l2.
A significant decrease of .025*‘,’% was found in the leaf where salt and
ammonium sulphate Were applied together.

Ammonium sulphate had little overall effect on the magnesium
content of the leaf, but there was a negative NS interéctidn of .0l7.
It increased the % Mg in the gtem by .0153" and ‘a largér increase of
.026™ was found when ammonium sulphate was applied in the absence of
potassiuvu chloride.

Superphosphate raised the mean % kg by .012 in the leaf and by
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and by .004 in the stem. Again, in the leaf the increase was
larger (.0227%) in the absence of potassium chloride.
Potassium chloride increased the'%3Mg in the leaf by .004, but

reduced it by a similar quantity in the stem.

Phosphorus (435)

The leaf had a mean;content'of .234%-P and of the stem was ,280.
There was little variation from plot to plot.

Salt generally depreséed the uptake of phosphorus. In the leaf
the fall was .003% and in the stem, .022%. There was a significant
negative NS interaction of —.025x%~in the leaff

Ammonium sulphate also reduced the phosphorus uptake, by .008
in. the leaf and .01l in the stem. The NP interaction of =.022%
was significant (P = .05).

Superphosphate itself had small incremental effects on both leaf
and stem (.004 and .018% respectively). ﬂarger increases of .057x
and .O48x% were found in the stem in the absence of salt and potassium
chloride respectively.

Potassium chloride had no overall influence on the phosphorus
uptake; there were reductions of .008% in the leaf and .006%31n the

stemn.
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KALE  EXPERIMENT 6. 1956.

Site Cochno, Dumbartonshire.
Soil Heavy loam, deep. freely drained.
Exchangeable Na 8,5 mgs. %
1% citric sol. P 7.5 mgs. % Low.
1% citric sol. K 18.5 mgs. % . Satisfactory.

Previous Cropping

1955 Qats N.P.X. fertilizer.
1954 Grass -
Variety Thousand head.

Fertiligzer Treatments and layout

' The treatments were as for Experiment 5, i.e. a 32 plot layout

in 4 blocks of 8 including all combinations of the presence and
absence of ammoniun sulphate (6 cwt.), superphosphate (3 cwt.),
potaseiunm chloride (2 cwt.) and salt (4 cwt.). The NPKS interaction
- was confounded between each of the two complete replicates.

Thé crop yielded 1S.6 tons/acre. Ammonium sulphate and
supérphosphate both gave small increases in yield.

Appendix Tables A 36 - A42 detail the effects of fertilizers on

crop yield and composition.

Fresh and Dry Matter Yields (A37)

The mean yieldsof fresh and dry kale were 19.60 and 2.443 tons
respectively. Ammonivm sulphate and superphosphate had small but
significant effects on yield.

Salt generally depressed the yield, the reduction in fresh weight
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being 0.35 tons.

Ammonium sulphate significéntly increased the yield of fresh
(2.0236E tons) and dry (0210x tons) kale. - It increased the yield
more in the absence of salt or potassium chloride. There was a
significant positive NP interaction of 1.36§x tons for the fresh kale.,

Superphosphate also increased the yield of fresh kale significantly
by 1.26™ tons but the drop in DJi.¥ resulted in a correspondingly
smaller and non-significant dry weight increase. Superphosphate was
most effective in the absence of salt or potassium chloride and when
given in association with ammonium sulphate.

Potassium chloride had small overall incremental effects on
fresh (0.62) and dry (.019) matter. Iarger increases were found in
the presence of salt or in the absence of either ammqnium sulphate or

superphosphate.

Composition of the.Drx>Matter

Sodium (A38)
The mean sodium content of the leaf was +130 and of the gtem,
.106. Individual plots differed greatly from each other. The
minimum values in tﬁe leaf and stem respectively were .040 and .025
for a PX plot and the maximum amounts were .405 and .285 for an NS plot.
Salt greatly increased the ¥ Na in both leaf and stem, the
respective increments being .048Kx% and .O40xx¢.
Ammonium sulphate had even greater effects. The rise in leaf
, o

sodium was .OBth% and in stem sodium .056 o

Superphosphate did not influence the sodium uptake.




Potassium chloride markedly depressed the sodivm levels; the
a . . ¥ K, .
reducticns in leaf and stem were .043" and .037 ¢ respectively.
In the leaf, the reduction was greater (—.057*5%) on plots without
superphosphate and in the stem the decrease was greater (~.O56§*%)

in the absence of salt.

Poteesium (A39)

The mean %-K in the leaf was 3,17 and in the stem, 2.88. The
plot to plot variation was froﬁ 2.50 Yo %.20 in the leaf and from
1.25 1o 3.35 in the stem.

Salt d&id not affeét the £ K in the leaf but significaently increased
the level in the stem by 0.22%, In the stem, there was a marked

XS
. : . * . .
negatlvellnteractlon of -0.16 ﬂthlCﬂ led to a much greater increase

(0.28™ £} on plots to vhich no potassium chloride had beeﬁ given.

"Ammonium sulphate did not alter potassium upteke. There was a
sma2ll increase of 0.0lf in the stem and a small reduction of 0.05% in
the leaf.

Superphosphate depressed the potassium content of both leaf and
stem, particularly in the absence of nitrogen. In the leaf the
reduction was -0.145 and in the stem it reached significance at —0.27*5%.

Potassium chloride itself had a marked influence on potassium
uptake. The increase in the leaf was 0.25X%Zand in the stem 0,16%.

These rises were much greater (0.403'E and 0.32EEEE respectively) when

no salt was applied.

Celcium (A40)

The mean 7 Ca of the leaf and stom were 2,76 and O.84¢~respective1y.
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Fertilizers in general had only smell effects on calcium uptake.

Salt increased the calcium content of the leaf by .06 and of the
stem by .04%.

Ammonium sulphate tended to reduce the calcium level in the leaf
but raised the content of the stem by .08**%3 In the stem, the
greatest increases were in the absence of salt (C.llxxf) and in the
gbsence of potassium chloride (0.14%),  The negative NK interaction
was signifioant.

Superphosphate increased the % Ca in both the leaf and the stem
by .07 and .O4% regvectively. In the leaf there was a large negative PX
interaction of ~JH§ﬁ Superphosvhate thus increased the calcium level
of the leaf in the absence of potsssium chloride, but when both were
applied together there was a fall in the calcium status., In the stem
however, the hishest levels of calcium were found on the plots receiving
superphosphate and potassium chloride together.

Potassium chloride reduced the ﬂ Ca in the leaf by a mean amount
of -.07%. The effect was much more marked (-.257) in the presence
of superphosphéte. Potassium chloride application did not alter the

calcium level in the stem.

lMagnesium (441)

The mean %ng was .113 in the leaf and .119 in the stem.

S8alt had no effect on the magnesium content of either leaf or
stem.

Ammonium sulphate increased the %'Mg in the leaf by .009 and in
the stem by .004.

Cuperphosphate did not alter the magnesinm content of the stem
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but reduced that of the leaf by .0077.
‘Potassium chloride reduced both leaf and stem potassium, the 4.,

e

former by .007 and the latter by .004%.

Fhosphorus (442)

The mean phosphorus content of the leaf was .288‘}? and of the stems,
.388%.  Fertilizers had only small effects.

Salt increased the levels in the leaf and stem by .033 and .017§?5§
respectively. In each case the increases were greater in the presence
of supsrpbosphate or potassium chloride. There was a significant
negative NS interaction of —.0363'5 in the stem.

Awmmonium sulphate also increased the phosphorus level to a greater
extent in the lesf(.030%) than in the stem (.011%). In addition to
the negative NS interaction there was also a significant NP interaction
in the stem of .0167%,

Superphospvhate itself had only a very small influence on phosphorus
uptake, increases of ,014 and .Cll being found in the leaf and stem
respectively. In the leaf, larger increments were found in the
presence of either salt or potassium chloride.

Potassium chloride increased the % P in the leaf by a mean value

of .018% but reduced it by a similar amount in the stem.

v
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EXPERIKENTS

BEffects on Total Yield,

SUMMARY

Table 14 détails the main effects and interactions of all six
experiments for the yields of fresh and dry matter.
Table 14.
Yields of Fresh and Dry Matter of Kale (tons).
Main Effects and Interactions.
Experiment 1 2 3 4 5 6
.............. I SRR
lean Yield
Presh| 17.89 15.46 13,61 13.56 14.70 19.60
Dry 1.989 1.882 1.870 1.693 1.793 2.443
Response to : 3
N Fresh| 4.29% | 6.257, | T.T5 .| - 1,937 | 2.02"F
Dry .27%K .510 LT4T i— .17236 , .21%E
P Tresh 2.85 5 1.27 G334 4.71';¥ T.11 - 1.28
Iry .291 .110 .096 5787 '81£x .115
K PFresh| 0.48 0.50 0.42 C.83 3.40 s 0.62
Dry -095 .063 .021 L0201 L3320 019
S Tresh| 0.87 0.957_ 0.977 . 1.27 1.06 -0.35
Dry .099% .059™ L1077 .035 .149 -.016
Interactions - -
NP Tresh| 0.43 1.79 0.64 - 1.69 1.367
Dry .011 .140 . 050 - 144 .056
NK Fresh| -0.24 ~-0.,87 1.20 - -1.04 ~-0,30
Dry -.064 -.055 . 206 - =.054 -.079
NS Fresh 1.18 -0.29 0.20 - ~0.22 ~0¢56
Dry .160 .018 -.020 - -.084 -.0%1
PX Tresh| -0.07 ~2.51 =077 -2.06 1.827 =0.77
Dry .028 -.315 -.099 -.329 173 . =061
PS TFresh| -1.37 0,26 0.20 G.05 -6.15  -0.55
Dry -.09% .100 -.074 -.054 -.009 -.114
KS Fresh| -1.43 =3.00"7 | =0.39 0.62 -0.32 0,28 |
Dry -177 -.331" | -.076 -,208 | -.088 015 !
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Tive of the six experiments gave increases in yield of approximately
1.0 tons of fresh kale. Three were significant and there were
comparable increases in the dry matter. Only one of the sites (Expt. D)
was on a soil markedly deficient in readily soluble potassium and only
that one gave a large and significant response to potassium chloride.
The remaining experiment (Wo. 6) showed a small loss in crop of 0.35
tons. This soil had the highest readily soluble poétassium content.

It would therefore appear that dressings of salt in the order of
4 cwt. per acre can produce an extra ton of fresh kale except on soils
which are very well supplied with potassium. In only. one case
(Expt. 5)did the extra yield from 2 cwt. of potassium chloride exceed
that from 4 cwt. of salt, this being the single experiment where there
was a large and significant response to added potassium. In general,
the respoinses from potassium chloride were about half those from
salt.

Salt and potassium chloride normally iﬁteracted negatively with
each other as might be expected. The sige of the interactions was
not related to the separate responses to salt or potassium chleride.

. . . 3
In experiment 2 the interaction was as large as -3.00" tons.

Anmonium Sulphate.

In each experiment there were very significant returns from

. . . - *3
ammonium sulphate. They did, however, vary from an increase of 1.93 tons
from a 6 cwt. dressing (Expt. 5) to 7.75KK tons from an 8 cwt. one

(Expt. 3). The fresh yield increments were all highly significant

(P = 0.01) but as there was a comsequent drop in dry matter 7, the dry
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weight increases were frequently sicnificant at the 5% level only.
Rather surprisingly, there were no marked YK interactions. Indeed,
they were usually negative. In view of the high level of potassium
in the dry matter of kale and the total to be removed per acre, it
might have been expected that the NE interactions would have been as
marked as,  for example, is frequently the case with potatoes. Equally,
in view of the returns from salt, there might have been some consistency
in tﬁe NS interactions.
There were however, two gignificant NP interactions. These were
in Experiments 5 and 6 where the responses to nitrogen were small and

where both had significsnt increases due to superphosphate.

Superphosphate.

The four soils with the lowest and most deficient readily soluble
phosphorus levels gave significant responses to superphosphate. The
two with the highest, (but still quite low) contents gave smaller and
non-significant increases. There was a reasonable correlation

between soil analysis and the responses to 6 cwt. of superphesphate.

Experiment 17 Citric Sol P Bxtra Kale (tons)
| (mgs . %) '
5% 3,5 Deficient 7.11%*
4 4.5 Deficient 4,71
1 5.C Deficient 2.853636
ek 7.5 Low 1.28%*
2 10.0 Tow 1.27
12.5 Satisfactory 0.34

3 cwt. superphosphate only.

There were no regular PS interactions.




Potagsiun Chloride.

Caly in Experiment 5 on the most deficient soil was a large and
significant response (5.4KK tons) obtained. The other increases ranged
from 0.42 to 0.83 tons although none of the soils could be considered
well supplied with readily soluble potassium.

There was vo rezl correlation between citric zoluble potassium
and response in terms of extrs kale to 3 cwt. of potassium chloride

from this limi ted number of experiments.

Experiment 17 Citric Sol. ¥ Extra Kale (tons)
(mgs. %)
X 5.5 Low 3, 407
4 11.0 Low 0.83
EX 18.5 Satisfactory 0.62
2 9.0 ILow -~ 0.50
1 8.5 Low 0.48
3 12.5 Satisfactory 0.42

x 2 cwt. potassium chloride only.

Only in Experiment 5 where there were the larzest responses to
both potassium chloride and superphosphate was there a significant PK
intersction (+1.82" tons). This was in fact the only positive ome

and all the cthers were negztive.

Effects on Flant Composition.

Sodium

Teble 15 summarises the effects of fertilizers on the sodium content

of k=ls,
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Table 15.
Dry Matter Composition of Kale. % Na. Main Effects and
Interactions.
Experiment 1 2 3 4 5 6
Mean Content :
Leaf .38% 329 .270 JATT 348 .130
Stem <332 324 .223% .582 349 .106
Hesponse to - s e
N Leaf 154 .297 3090 | - -.065 .082%
Stem .210 286 L266™F| - -.060% .056
P Leaf L059% | .037 | -.026 .008 .124:; -.001
Stem .070 W015 | -.041 | -.017_ | 11501 -.008
K Leaf -.260 2507 | 3042 | _ 3367 | L 0g0®# | _ g3
Stem -.216 -, 250%* -.292"’iE - 4617 L 0g6®* |~ 037
S Leaf .151 .164** .064 .402"’E .269H .048**
Stem L1210 1647 073 L480%F| L199%F| .040™
Interactions
NP Leaf .007 .050 044 - -.027 .006
Stem .005 .050__| =.020 - -.027 .018
NK Leaf | -.074. | -.267°F| -.256% | - -.028 | -.005
Stem | -.106% | -.203®F | o 2z2%F | _ -.020 .003
NS Leaf | -.002 | =.065 | -.039 - .007 007
Stem | -.065 | -.064 | -.057 .053 | -,007
PK Leaf | -.004 | -.019 .026 .035 | ~.052 .014
Stem |~-.017 | -.016 018 | -.025 | -.016 .002
PS Leaf |-.003 | -.045 |-.0%6 .003 .080% | -.011
Stem |-.016 | -.025 | -.051 .079_| 060 | -.017
KS Leaf |-.2180 | -.081 |-.069_ |-.355 -.139%F | 007
Stem | -.169"| -.102 | -.095% | -.222®*| ~,266™*| .019

Salt has consistentiy increased the sodium level in the crop,

both leaf and stem being equally affected.

The increments varied from

about .050% Na to about .450% Na from one experiment to another.

The smallest increases were generally associated with the lowest mean

sodium levels.

In each case the increments were highly significant

and at least 50% of the mean contents.
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Ammonium.sulphate increased the sodium level in four out of five
experiments by large and significant amounts, usually in the same
order as those produced by salt. The magnitude of the separate
increases showed some correlation with the yield response resulting

from the ammonium sulphate treatment.

Experiment Yield Increase (tons) Increase in % Na
from Ammonium Sulphate.

Leaf Stem.
5 1.93 -.065% -.060%
6 2.02 +.082%F +.056™
1 4429 +.154%% +,210%%
2 6.23 . +o20TE +.2860"
3 7475 +.3097E +.266*%

The increase in the sodium level resulting from the use of
ammonium sulphate can therefore be associated with its effects on
promoting growth.

Superphosphate had variable effects on the sodium uptake. Two
experiments (Wos. 1 and 5) resulted in significant increases, and
both these were crops which responded well in yield to superphosphate.
On the other hand, there was a good yield increment in Expefiment 4
but no consequent increase in % Na. Tere was little effect from
superphosphate on sodium uptake where there was no marked response in
yield. |

Potassium chlor;:de consistently and very significantly reduced
the level of sodium. The depressions were generally in the order

of .275%. Only in eriment 6 was it much less (.040%), this also
5 ly
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being the site where the yield response to salt was negative. As
potassium chloride invariably increases the amount of potassium in
the plant, it can be concluded that this presents an obstacle to the
entry of sodium.

The negative K8 interactions were the most important. With the
exception of Experiment 6 they were all large and highly significant.
Balt has a greatly reduced effect in raising the sodium level when
applied in the presence of potassium chloride.

There were also large and significant negative NK interactions
in the first three experiments and smaller ones in the remaining two.
The % Na in the plant was increased by nitrogen to a far greater degree
when potassium chloride was not given.

The other interactiéns showed no consistent trends and were

generally quite small.

Potassium

Table 16 summarises the main effects and interactions with
regard to the potassium content of kale. .

Salt has had no real effect on the potassium uptake of kale,
There have been rises and falls of about 0.1% K or less. In
Experiment 4 where there were the largeét increases in % Na from
salt, there were the greatest reductions in % K amounting to -0.3% in
both leaf and stem. There was also one isolated increase of 0.22’75

in the stem for Experiment 6.
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Table 160
Dry Matter Composition of Kale. % K.
Main Effects and Interactions.
Experiment 1 2 3 4 5 6
Mean Content
Leaf 2.44 1.64 2,63 2,62 2.19 3,17
Stem 3,49 3.18 2.84 4.14 3,91 2.88
Response to
N  Leaf -.17* -.07 -.21 - .24* -.05
Stem .07 .38 .15 - ST 01
P Leaf -.04 7 .07 -.25 - 41 1
Stem -.16_ .08, 01 | -.35 - 258 | o™
K Leaf 39 .37 1,02 .85>% Y o5% |
Stem .40 42 .97 .71* 1.12%* .16
S Leaf -.12 .03 .10 -.30% .06 .01
Stem -.03 -.07 .10 -.31 .12 .20*
Interactions v
NP Leaf -.07 -.05 .10 - -.14 .20
Stem .15 N | -.05 - -.20% .12
NK Leaf -.13 -.15 .80 - -.20 -.08
Stem -.02 -.03 62 | - L -.23® .,
NS Leaf -.06 -.03 -.21 | - -.03 [ .05 ”
Stem -.08 -.07 -.26 - -.07 | =.02
PK Leaf .09 3T | .07 .38 .08, .13
Stem -.03 16 i .01 .51 -.20 | -.01 ;
PS Ieaf .05 -14 | -4 .28 .01 .00 |
Stem i .05 [ =09 t.09 L .33 .02 .02 |
KS Ieaf ; .03 .01 1 .19 L .43 -.05 -.15 !
Stem L .04 I -.03 : 032 } -043 -00,2 "016 E
! ; : ; e

Ammonium sulphate also has had no regular effect. In Experiment 5,
the only one to give a significant yield increase from potassium
chloride, it enhanced potassium uptake, but generally the influence
was small. There was however a tendency for ammonium sulphate to

depress the % K in the leaf yet to increase it in the stem.
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Superphosphate had small and irregular effects. In four
experiments (Nos. 1, 4, 5 and 6) where it increased yields, it
reduced the % K, the greatest decrease: being associated with the
largest yield response to superphosphate. In the remaining two
experiments the effect was reversed.

Potassium chloride itself significantly increased uptakes by
amounts ranging from 0.2 to 1.0% K.

There were no marked or consistent trends in the various

interactions.

Calcium

A summary of the effects of fertilizers on the calcium content
of kale is given in Table 17.

Salt has had little influence on the calcium content of kale,
the general tendency being to depress it by about .05%. In Experiment
5, the fall in % Ca reached -.27 '% in the leaf.

Ammonium sulphate had no regular effect; there were both rises
and falls from the mean in the order of .05 to .10%.

Superphosphate also reacted irregularly. It had a marked
influence (+ 0.26™® % Ca) on the leaf in Experiment 5 which
responded the most in yield to superphosphate, but elsewhere the
effects were much smaller.

Potassium chloride consistently reduced calcium uptake by
amounts ranging up to about 0.15% throughout the plant. ‘'These
reductions are no doubt associated with the rise in % K due to

potassium chloride applications, but they do nqt seem to be

proportionately related.
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Table 17.
Dry Matter Composition of Kale. % Ca.
Main Effects and Interactions.
Experiment 1 2 3 4 5 6
Mean Content
Leaf 2.20 2.19 2.33 2.65 2.95 2.76
Stem .90 78 <79 .91 1,07 .84
Response to
N Leaf .02 -.15 -.02 - .10 -.01
Stem 04 | =01 .09* - 07 .08
P leaf -.10 -.04 .0l .07 .26 07
Stem -.05 -.05" .01 -.14% .02 .04
K Leaf -.05 07 -.01 -.25% | -.16% -.07
Stem -.04 -.07 .10 ~.02 _'lex' .01
S ZLeaf -.05 -.03 -.02x -.16 -.27 .06
Stem .02 .00 -.05 .02 -.09 04
Interactions , %
NP Leaf .11 ~.17 -.10 - -.05 -.05
Stem ~-.04 L06* .02 - 06 | .00
NK Leaf .11 'O6x 07 - -.21 : 'O4x
Stem -.01 -.05 -.05 - .04 i =06
NS Leaf ~-.11 «10 .03 - .11 .02
Stem .06 -.03 -.04 - .02 -.02
PK Leaf ~-.01 -.15 -.03 .05 .09 -.18
Stem -.02 -.03 .01 .00 -'175 .03
PS Teaf -.02 -.19 .02 -.36 -o17 .00
Stem -.01 .01 .08 -.03 'Olﬁx -.02
| KS Leaf .11 -.18 -.14 .01 .21 | .03
Stem -.04 .00 b =003 .08 .03 ; -.01

There were no marked interaction effects.

Magnesium

The effects of fertilizers on the magnesium content of kale are

shown in Table 18.
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Table 18.
Dry Matter Composition of Kale. % Mg.
Main Effects and Interactions.
Experiment 1 2 3 4 5 6

Mean Content

Leaf .123 .089 | .152 .163 .140 .113

Sten .152 .133 .161 .163 . 200 .119
Response to

N Leaf -.004 .011 .021% - .002 .009

Stem .002 | .015% | .oo01 - .015% .004

P Leaf -.003 .Q00 | ~-.026% .024 .012 -.007

Stem -.010 -.003 .000 -.011 .004 .001

K ' Leaf -.004 -.012_ -.034%F | ..016 -.004 -.007

Stem -.003 -.010 .003 .011 .004 -.004

S Leaf -.005 001 | -.011 -.003 -.008 -.002

Stem -.012 L000 | -.009 -.011 -.012 .002
Interactions

NP Leaf .001 001 | -.007 - -.004 -.003

Stem .008 L006 | -.016 - -.003 .006

NK Leaf .001 .C03 | -.018 - -.001 -.003

Stem .014 .003 | -,012 - -.011 .002

NS Leaf .009 -.005 | -.012 - -.017 .003

Stem .001 -.014 | -.001 - .003 -.003

PK Leaf -.001 .009 .002 -.017 -.010 .004

Stem 007 .007 .002 -.007 -.001 -.002

" PS Leaf .009 .014 .006 -.007 -.008 -.003

Stem -.012 -.002 | -.026 .003 .002 .001

KS Leaf -.006 -.006 | .012 -.019 .000 004

Stem -.019 -.010 | .027 -.028 .005 . 006

Salt consistently depressed the magnesium content of both leaf
and étem; but bﬁr émall and non=-significant amounts. Reductions over
the combined leaf and stem ranged up to about .010% and were frequently
mich less.,

Ammonium sulphate increased magnesium uptake, in three cases to

a significant degree. Rises of up to .015% taken over the whole

plant were found.
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Superphosphate was without general effect. There were small
irregular increases and decreases.

Potassium chloride depressed the‘%‘Mg in all six experiments.,
When leaf and stem were combined the decreases ranged up to about
.017%. Only in two experiments were the reductions significant.

" There were no large or consistent interactions.

Phosphbrus.

The effects of fertilizers on the phosphorus content of kale are
sumarised in Table 19.

Salt had no regular effect on phosphorus uptake. Averaging
leaf and stem, there were increases and decreases ranging up to
i_.OZO%:occurring with equal regularity.

Ammonium sulphate also had effects which differed from one
experiment to another. In three experiments where it increased the
% P, the rise was greater in the leaf than in the stem.

Superphogphate invariably increased the % P in both leaf and stem.
Over the whole plant the increments ranged from about .010 to about
;040% P and in four exporiments were significant. The increases
did not appear to be related to the responses in yield from superphosphate.

Potessium chloride had small and irregular effects. Increases
and decreases over the whole plant ranging up to about + .010%‘were
found.

Theré were no consistent interactions involving phosphorus

although there were isolated significant ones.
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Table 19. Dry Matter Composition of Kale. % P.
Main Effects and Interactions.
Experiment 1 2 3 4 5 6
Mean Content
Leaf .289 310 .160 2212 .234 . 288
Stem 320 .360 .210 . 264 280 .388
Response to
N Leaf 018 .040* -.00% - -.008 .0%0
Stem -Q06_ L000_ -.003_ - oo L011
P Leaf .023 L039% 1 Lo1m .024 .044 .014
Stem .G31* .035% .008 .063™ .018 .011
K Leaf -.009 .002 .o11* .014 -.008 .018
Stem -.007 .003 .027 -.009 -.006 -.016*
S ILeaf .010 014 | -.008" -.008 -.003 033
Stem .019% .010 -.021%1  ~.007 -.022 L017%
Interactions
WP Leaf -.005 .007 .018™ - -.022% 000
Stem .007 .011 -.018 - .003 .016
WK TIeaf .010 -.018 .008 - -.011 .014
Stem -.003 -.0%2 -.012 - ~.004_ | -.004
S TLeaf -.012 -.017 .007 - -.025 .002
Stem -.002 .004 .013 - .003 - 036%
PK Leaf -.016 -.018 .006 .002 .009_ .018
Stem .030 -.022 -.002 -.003 -.03%0 L001
PS Leaf -.020 -.004 .021%* .025 -.00% .021
Stem -.043% | -.010 .002 .029 -.019 .006
KS Leaf -.003% -.027* -.002 -.022 -.012 .034
Stem 012 .001 -.001 -.009 -.019 L012
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EXPERTVIWNTS WITH TURNIPS.

There have been a number of previous investigations regarding the
effect of sodium on the growth of turnips and swedes. As early as
1914 Bolin reported the results of 10 experiments in Sweden where, on
average, 5.5 tons of extra swedes were produced from an application
of 9cwt. of salt. Crowther & Bengian (1945) have summarised the
results of a number of experiments where ammonium sulphate and sodium
nitrate have been compared as a source of nitrogen and they concluded
that the latter was 20 - 25%3superior. Harmer & Benne (1941)
working on a potassium deficient peat soil reported an increase in the
yield of turnips of almost 3 tons from an application of 5 cwt. of
salt. Holt & Volk (1945) found in pot experiments that sodium
increased the yield of turnips and that 30% of a full crop could be
obtained when potassium was entirely replaced by sodium. Lehr &
Bussink (1954) have also reported improved yields of turnips when
sodium nitrate and calcium nitrate were compared.

On the other hand, Jacob (1930), as a result of sand culture
experiments, concluded that sodium had no effect on swedes.
Dorph-Petersen & Steenbjerg (1950) have found increases in the yield
of swedes of only 0.1 ton as an average of 9 experiments comparing
sodium and calcium nitrates, but in one experiment on a potassium
deficient soil an increment of almost 1.0 ton# was obtained from
sodium.

Four field experiments have been completed with turnips.

hy
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The first two were laid down in 1955. Each conformed to a
27 plot layout in 3 blocks of 9 plots to investigate all combinations

of the following treatments.

Superphosphate 0, 3 and 6 cwt. (PO, P1, P2)
Potassium Chloride 0, 1 and 2 cwt. (KO, K1, K2)
Salt 0, 3-and 6 cwt. (SO, 51, S2)

Each plot in addition had a basal dressing of 2 cwt. of ammonium
sulphate.
In 1956 two further experiments were carried out, but to a

different design. The treatments were the presence and absence of

Ammonium Sulphate 2 owt. (N.)
Superphosphate 3 cwt. (P.)
Potassium Chloride -2 cwt. (K.)
Salt 4 cwt. (S.)

The layout of each experiment was the usual one fora 2x 2 x 2x 2
factorial trial of 32 plots in 4 blocks of 8. The NPKS interaction
was confounded between each of tre two complete replicates.

The analyseé of variance of these two designs were as for the
similar kale experiments.

The turnips were grown on slightly raised ridges about 27 ins.
apart. All the fertiligers were applied by hand before the final
seed bed preparations and were well intermixed with the soil during

subsequent cultivations. Singling, weeding etc., were carried out

a8 necessary by the farmer in conjunction with the remainder of the field.
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Plot Size.

The experiments have been carried out on 0.01 acre plots. Each
was 6 rows wide, normally 27 ins. apart, and about 33 ft. in length.
The central four rows were harvested for yield determinations and

samples were taken from this area for analysis.

Sampling.

Harvesting was generally carried out in November before frost
seriously damaged the tops. In each case the crop was topped by
hand and the roots in each case had very little soil adhering to
them. The entire pfoduce (roots and tops) from each plot was weighed
on a spring balance in the field.

The roots were sampled by means of a corer, a diagonal section
being taken from each of about 40 roots. This is the generally
accepted practice and it was not considered necessary to test the
validity of the method. The cores from each plot wefe placed in
polgthene bags, tied and removed to the laboratory. They were then
weighed, dried at IOOOC, reweighed and finally ground.

The tops were sampled by taking 15 tops at random from each
plot. These were chopped, subsampled by quartering and weighed

fresh. After drying at 100°¢C they were reweighed and then ground.
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TURNIPS. EXPERIMENT 1, 1955.

Site Cochno. Dumbartonshire.
Soil Heavy loam. poorly drained.

Exchangeable Na 6.5 mgs. %

of

1% citric sol. P 13.0 mgs. % Satisfactory.

1% citric sol. K 13.5 mgs. % Satisfactory.
PH 6.7

This experiment was laid down in another portion of the same field

as Experiment 3 with kale and the analyses are therefore similar.

Previous Cropping

1954 Potatoes Mamiring unknown.
1953 Oats Manuring unknown.

Fertilizer Treatments and layout

All 27 combinations of the following treatments were arranged in

the usual 3 x 3 x 3 layout with no replication.

Superphosphate 0, % and 6 cwt. (PO, P1l, P2)
Potassium Chloride 0, 1 and 2 cwt. (KO, K1, K2)
Salt 0, 3 and 6 cwt. (S0, S1, S2)

Each plot in addition, had a seedbed application of 2cwt. of
ammonium sulphate.
The crop grew well throughout and the mean yield of roots was

18.4 toms. There were no substantial yield increments from

fertiligers.
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Tables A43 - A50 contain the information regarding the effects

of fertilizers on crop yield and composition.

Yields of Fresh and Dry Matter (A44 & A45)

The mean yields of fresh and dry roots were 18.36 and 1.566 tons
respectively. Individual plots varied in yield from 13.5 to 2l1.3 toms
but the general effect of fertilizers was small. The fresh tops had
a mean yield of 3.73 tons and the weight of dry matter was .474 tons.

Salt increased both fresh and dry yields of roots, the former.
by 2.88 and the latter by .260 tons when applied at the 6 cwt. rate.
Neither effect was significant and salt had no influence on the
yield of tops.

Superphosphate at 6 cwt. per acre reduced the weight of fresh
roots by 0.67 tons, but did not affect the dry matter. It also
reduced the fresh and dry yields of tops by 0.44 and .050 tons
respectively.

Potassium chloride tended to reduce the fresh weight of roots
but, by increasing the D.M.%, to increase the dry matter yield by
.116 tons. It significantly reduced the fresh weight of tops by

0.76* tons and the dry yield by .078" tons.

Composition of the Dry Matter

Sodium (A46)
The mean % Na of the roots was .120. There was considerable
variation according to the fertiligzer treatment, i.e. .030 on the

POK2S0 plot to 200 on the POKOS2 plot. The mean content o the
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tops was .171% and the range was from .O77 (EOKzso) to .315 (P1K0S2).

Salt had large and very significant effects on sodium uptake.
T™e mean % Na of the untreated plots was .084 in the roots rising to
«139 with 6 cwt. of salt. In the tops the level was raised to .173
from 119 by 3cwt. of salt and to .221 with the 6 cwt. application.

Superphosphate reduced the sodium level in the roots from .138
to .114 which was almost significant and in the tops from .197 to
.151 (Sig. at 5% level).

Potassium chloride had very significant effects in reducing the
sodium content of both roots and tops. In the roots the level fell
from .156 to .126 with the 1 cwt. application and to .077 with the
2 cwt. rate. Similar reductions from .202 to .168 to .142% were

found in the tops.

Potassium (447)

Te mean % K in the roots was 3.06 and in the tops, 3.17. There
was little variation from plot to plot in the roots, but the range of
values in the tops was from 2.25% (P2KOSO) to 5.10% (P2K2S1).

Salt did not influence the potassium content of @ither roots or
tops.

Superphosphate reduced the % K in the roots by 0.14% and increased
it by 0.29% in the tops.

Potassium chloride itself had very little influence on the
potassium content of the roots, the 2 cwt. dressing raising the level
from 2.95 to %,12%, It did however increase the % X in the tops

significantly from 2.85 to 3.48%.
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Calcium (A48)
The mean calcium content of the roots was .657 and of the tops
2.317%. There was little variation from plot to plot and none of

the fertilizers affected the calcium levels by more tha.r'x + .007%.

Magnesium (449)
The amount of magnesium in the roots was .10375 and .204‘,’7a in the
tops. Fertilizers had little effect, but in general they tended to

depress the magnesium levels by about .007‘,’70 in each case,

Phosphorus (A50)

The roots had a mean "/a P of .291 whilst that in the tops was
.163. In the roots the range was from .225 to .550‘}? and in the tops
from .095 to .260%.

Salt enhanced the ‘i’ P in the roots from .274 to .298 and this was
almost significant, but it had no influence on the level of the tops.

Superphosphate itself incre:sed the ‘7 P in the roots from .278 to
.299 (almost significent) and the increase from .1387% to .194% in the
tops from the 6 cwt. dressing did reach significance at the 57 level.

Pétassium chloride at 2 cwt. per acre significantly reduced the
phosphorus uptake in the roots from .309 to .276%. The negative

PK interaction was also significant. On the other hand the phosphorus

content of the tops was raised from .137 to .179%.
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TURNTIPS.,  EXPERIMENT 2. 1955,

Site Balloch. Dumbartonshire.
Soil Red sandstone drift.

Medium loam, freely drained.
Exchangeable Na  43.5 mgs. %
1% citric sol. P 4.0 mgs. % Deficient.
1% citric sol. K 11.0 mgs. % Low.
PH 6.1

This experiment was sited immediately adjacent to Experiment 4

with kale and the soil analyses are virtually the same.

Prvious Cropping.
1954 OQats 2 cwt., Ammonium Sulphate

1953 Permanent Grass.

Fertilizer Treatments and layout.

The design of the experiment was the same as that for Experiment 1
namely, a 27 plot layout to test all combinations of 0,3 and 6 cwt. of
Superphosphate, 0, 1 and 2 cwt. of Potassium Chloride and O, 3 and 6 cwt.
of Salt. ZEach plot in addition had a basal dressing of 2 cwt. of
Ammonium Sulphate.

There were substantial yield increments from superphosphate.

The yields and plant analyses are given in Tables A51 - A58,

Yields of Fresh and Dry Matter (452 & A53)

The mean ytélds of roots and tops were 17.76 and 2.96 tons
respectively. The root yiéld varied from 10.3 (POKZSO) to 24.1 tons

(P2K1S1) and that of the tops from 1.20 (POK1S2) to 4.32 tons (P2KOS1).
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The mean yields of dry matter were 1.556 and .325 tons.

Salt increased the yield of fresh roots by 2.22 tons and the dry
matter by .162 tons. Its effect on the tops was quite small, fresh
and dry weight increments being .06 and .0l tons respectively.

Superphosphate had large asnd very significant effects on the
yield of roots. 6 cwt. raised the fresh yield from 13.50 to 20.67
tons and the dry matter from 1.211 to 1.802 tons. The incresgse in
the yield of tops was quite small and non-significant.

Potassium chloride at 2 cwt. per acre raised the yield of fresh
roots by only 0.47 tons and the dry matter by .037 tons. It reduced

the weight of fresh and dry tops by 0.34 and .0l5 tons respectively.

Composition of Dry Matter

Sodium (A54)

In the tops the range was from .055 (P1K1SO) to .265(P2K0S2) % Na,
with a mean of .146%‘ The mean content of the tops was .332%‘and
the range .100 (P1K1S0) to .900 (P2K0S2).

Salt produced large and highly significant increases in the
sodium content of both roots and tops. 3 cwte. of salt raised the
mean % Na of the roots from .093 to .154 and 6 cwt. increased it
further to .192%. The corresponding increments for the tops were
from .20} to .296 to .4?7¥. Each progressive increase was significant
at the 1% level.

Superphosphate had only small effects. The increases in % Na
from 6 cwt. were .015 and .028 respectively for roots and tops.

Potaséium chloride reduced the sodium uptake. 2 cwt. per acre
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reduced the level from .165 to .133% in the roots and from .367 to .282%

(sig. at 5% 1eve1) in the tops.

Potassium (A55)

Thé mean potassium contents of the rootsand tops were 2.60 and
2.36% respectively.

Salt at 6 cwt. per acre increased the # K from 2.52 to 2.79 in
the roots and from 3.26 to 3.39% in the tops, but neither was
significant.

Superphpsphate also increased the potassium uptake slightly,
.by 0.10% in the roots and by 0.25% in the tops.

Potassium chloride itself increased the %-K in the tops from
3.18 to 3.55 (vhich was not significant) but the effect on the roots

was negligible.

Calcium (AS56)

The‘mean calcium content of the roots was .397 and the extreme
values were .315 and . 480%. In the tops the range was from 1.68
to 2.50% with a mean of 2.02% Ca.

Salt increased the %-Ca in the roots by .054 which was almost
significant. It had the reverse effect on the tops vhen.the
decrease from 2.09 to 1.97% was just significant at the 5% level,

Superphosphate raised the % Ca in the roots by .065°% and
in the tops by 0.135%. |

Potassium chloride had no effect on root calcium but depressed

the amount in the tops significantly from 2.11 to 1.977.
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Magnesium (A57)
The roots had a mean % Mg of .082 and the tops contained .208%.
Salt had verj little influence. It reduced the level in the
roots by .004% but increased it in the tops by .007%.
Superphosphate had no effect on megnesium uptake.
Potassium chloride reduced the magnesium in the tops by about

.020% but had no influence on the roots.

’

Floanite o an

Superphosphate (A58)

The mean %:P in roots and tops were .157 and .135 respectively.

Salt significantly increased the uptake in both roots and tops.
With the 6 cwt. application the increments were .038x and .030“%
respectively.

Superphosphate itself greatly increased the phosphorus content.
Root phosphorus was raised by .0673&E and that of the tops by .049**72

Potassium chloride reduced the % P in the roots from .179 to

.140% (sig. at P = .05) and from .139 to .126% in the tops.
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TUINIPS. EXPERTMENT 3., 1956

Site Cochno.  Dumbaritonshire.
Soil . Heavy loam. Deep, freely drained.

Exchangeable Na 9.5 mgs. %
1% Citric Sol. P 9.5 mgs. 9 Low
1% Citric Sol. X 12,5 mgs. % Satisfactory.

pH 6.7
This experiment was sited in the same field as Experiment 6 with
kale, It was however some 150 yards away and the soil analyses

differ in that this area for the turnips was rather higher in readily

soluble phosphorus and lower in potassium.

Previous Cropping.

1955 Qats ¥PK fertilizer

1954 Grass Unknown manuring.

Pertilizer Treatments and Iayout

The éxperiment tested all combinations of the following treatments;

0 and 2 cwt. Ammonium Sulphate N
0 and 3 cwt. Superphosphate P
0 and 2 cwt. Potassium Chloride K
0 and 4 cwt. Salt S

Two complete replicates were laid out by arranging the plots in
4 groups of 8 with the NPKS interaction confounded between the
replicates,

The mean yield was 16.06 tons of roots per acre. There were
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small but significant responses from both superphosphate and
potassium chloride. The site was badly infested with the weed,
redshank. This was kept under control by hand weeding and thus did
not seriously impair the yield.

Appendix Tables A59 - A65 detail the effects of the fertilizers

on crop yield and composition.

Yields of Fresh and Dry Matter (A60)

The mean fresh yields of roots and tops were 16.06 and 3.39
tons. The respective dry matter weights were 1.30 and .419 tons.

Salt slightly increased the yield of roots (0.73 tons) and of
tops (0.11 tons). Salt had a larger and moresignificant effect in
the absence of superphosphate, the increment being 2.12"* tons.

Ammonium sulphate increased the mean yield of fresh tops by
0.22" ‘tons but the effect was non-significant for the dry weight.
It aepressed the yield of fresh roots by 0.28 tons. »

Superphosphate also increased the fresh yield of tops by 0.22%
tons, the dry matter increment being non-significant at .024 tons.
The fresh weight of roots was increased by 1.3751BE tons and by greater
amounts in the xrbsenée of salt (1.9551) and ammonium sulphate
(1.84§x). As the D.M.% was reduced,only the mean dry weight increase
and that in the absence of salt were significant.

Potassium chloride increased the fresh yields of roots and tops
by 1.17x and 0.42BBE tons respectively. There were comparable and

significant increments in the dry weights.
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Composition of the Dry Matter

Sodium (A61)

The mean % Na was .226 in ﬁﬁe tops and .17% in the roots. Very
large variations occurred from plot to plot e.g. In the tops the range
was from .O95%'in aﬁd‘NK plot to .462 in an NPS plot. The corresponding
figures for the roots were .045 and .255%.

Salt caused large and significant increases ip the sodium level
of both roots (.044™%) and tops (.098™). Salt given in association
with either ammonium sulphate or superphosphate had even greater
effects.

Ammonium sulphate had little influence. It raised the sodium
content of the roots by .018 and of the tops by .025%.

Superphosphate raised the % Na in the tops by .OSO*. Greater
increments were found in the presence of salt (.OBZ*%) and of
potassium (.080%). A mean increase of .025 % was found in the roots.
The joint presence of salt increased this to .O42x%.

Potassium chloride had large and s;gnificant depressive effects
on sodium uptake, The mean content of the tops fell by .074x£%-and
of the roots by .035Kx%. In the tops the decrease was particularly

large in the absence of superphosphate and ammonium sulphate.

Potassium (A62)
The mean potassium contents of the roots and tops were 2.05 and
2.41 respectively. Fertilizers did not cause appreciable variations.
Salt depressed the % X in the roots by .08 and in the tops by

.03, In each case there were negative KS interactions and this reached
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significance at -0.233‘% in the case of the tops. Salt thus increased
the potassium level in the tops by .20% when given in the absence of
potassium chloride, but depressed it by .26% when both were applied
together,

Ammonium sulphate did not influence the potassium status.

Superphosphate significantly reduced the % K in the tops. The
mean decrease was .233% but this was increased to -0.403‘% in the
presence of salt and to -.3735 and -.34x% in the absence of ammonium
sulphate and potassium chloride respectively.

Potassium chloride itself increased the % X in the tops by 0.18%
and in the roots by O.24§7é. Much greater increases were found in

the absence of salt (0.41™ and 0.35*%% respectively).

Calcium (A63) ‘

The mean calcium content -of the tops was 1.807 and that of the
roots 0.384%.

Salt increased the % Ca in the tops by .029% and reduced it by
.017% in the roots.

Ammonium sulphate did not influence the calcium content of the
roots but depressed it significantly by .145xx% in the tops. Much
larger depressions from ammonium sulphate were found in the presence
of other fertilizers.

Superphosphate was also without effect on the roots and decreased
the 7 Ca in the tops by .055%.

Potassium chloride reduced the calcium Nediidmblietmetnbaiunn 1cvel

in both tops (=.045) and roots (-.026%%). larger depressions were
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found in the absence of superphosphate for both parts and in the

roots when salt was omitted.
\

lagnesium (A64)

The tops had a mean magnesium content of .132% and the level in
the roots was .0817.

Ali the fertilizers supplied had very small depressive effects
on the magnesium contents of both roots and tops. Only in the cases
of salt and potaséium chloride did they reach significance. Even

then they were in the order of -.0063!% and in the roots only.

Phosphorus (465)
The mean % P of the roots was .210 and that of the tops .189.

Fertilizers had only smell effects on phosphorus uptake.

Salt tended to increase the %:P in both roots and tops but by
mean amounts of only .0l5 and .008 respectively.

Ammonium sulphate had little effect on the tops but depressed the
phosphorus content of the roots by .019%,

Superphosphate increased the levels in each case by about .016Y.
In the tops the increments were in the order of .028*% in the presence
of either salt or potassium dhloride.

Potassium chloride raised the % P in the tops by .020*%. It
increased the level by smaller amounts when given in associationﬂwiﬁh
other fertilizers. It also increased the mean.phosphorus content of

the roots by .016%.
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TORNIPS  EXPERIMENT 4.  1956.

Site Balloch. Dumbartonshire
Soil Sandy loam, deep, freely drained.
High in orgenic matter.
Exchangeable Na 5.0 mgs %
1% Citric Sol P 3.5 mgs % Deficient
1% Citric Sol K 8.5 mgs % Low
pH 5.4

Previous Cropping

Permanent grass. Very poor, no manuring.

Fertilizer Treatments and Layout

The treatments and design of the experiment were as for Experiment3.
All combinations of the following applications were tested in a

2x 2 x2x 2 layout of 32 plots in 4 blocks of 8.

0 and 2 cwt. Ammonium Sulphate i)
0 and 3 cwt. Superphosphate P
0 and 2 cwi. Potassium Chloride K
O and 4 cwt. Salt S

In spite of the marked acidity and the large response to
superphosphate, the mean yield was as high at 21.5 tons of roots
per acre. There was a small significant increase from salt.

Data coﬁcerning the effects of the fertilizers on plant yield and

composition are given in Tables A66 - AT2.
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Yields of Fresh and Dry Matter (A67)

The mean fresh yields of roots and tops were 21.47 and 5.08 tons
respectively. The comparable dry matter weights were 1.94 and .664
tons. The fresh yiéld of roots ranged from 14.44 tons on a nil
plot to 27.78 tons with a PK treatment.

Salt significantly increased the fresh yield of roots by 1.8"]5E
tons and the dry matter by .14x tons. There were large and very . -
gignificant PS interactions in each case. These resulted in salt
increasing the fresh and dry weights by 4.46x¥ and 0.33;63E tons
respectively when given without superphosphate. In the roots there
were also significant negative KS interactions, salt being of little
benefit if applied together with potassium chloride. Salt tended to
reduce the yield of tops. Again there was a significant negative
PS‘interaction and a small KS one.

Ammonium sulphate had only minor effects. The fresh yields of
roots and tops were increased by .56 and .14 tons respectively.

Superphosphate had a marked influence on yield. The fresh
weight increments were 5.0236E tons of roots and .97xsi tons of tops.
The very significant negative PS interactions in each case resulted
in the increases being 7.56¥§ and 2.60§ﬁ tons respectively in the
absence of salt.

Potassium chloride had only small effects. The mean fresh
weight of roots was increased by .90 tons (2.523E in the absence of

salt) and the fresh yield of tops fell by .10 ton.
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Composition of Dry Matter.

Sodium (A68)

The mean sodium content of the tops was .402% and that of the roots
.154%‘ large variations were found from plot to plot. The lowest
level in the tops was .2007% in a nil plot and the highest .7005
on an ¥ plot. In the roots the range was from .280% (NPS) down to
.050% with the WK treatment.

Salt had large and significant effects, the mean increase in
% Na being .237§K for the tops and .064x for the roots. There were
no marked interactions involving salt.

Ammonium sulphate did not influence sodium uptake.

Superphosphate slightly raised the sodium level by mean amounts
of .042% in the tops and .020% in the roots. A larger increase of
.103*%'was found in the tops on those plots which in addition had
potassium chloride.

‘Potassium chloride had significant effects in reducing the sodium .
uptake by .078°% in the tops and by .OBBXX% in the roots. In the
roots the depression reached .O72*x% on plots which did not receive

salt and there was a large fall of .158xx for the tops on plots
without superphosphate.
Potassium (469)

The tops contained 1.98% K and the roots 1.68%  Variation
from plot to plot was mainly due to the présence and sbsence of

potassium chloride.

Salt had a small depressive effect of -.0%% on the tops and a
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larger incremental one of.le% for the roots. Salt increased the
potassium content of the roots most when potassium chloride was also
applied. |

Ammonium sulphate had no overall influence on the root potassium
but depressed the amount in the tops by .12% and by double that on
plots which also had potassium chloride.

Superphosphate depressed the %ZK in both roots and tops by .19
and .07 respectively. There were significant decreases in the tops
in the absence of potassium chloride (-.50"%) and salt (-.30%).

Potassium chloride itself enhanced the potassium uptake by large
and significant (P = 0.01) amounts, .49™°% in the tops and .31%% in
the roots. There was a significent PK interaction of O.le%lin the

tops and an NK one of =.1477% in the roots.

Calcium (470)

The mean %wCa in the tops was 1.713 and .355 in the roots.
Fertiligers generally reduced the uptake.

Salt reduced the calcium level in the tops by .056%Aand in the
roots by 015 Iarger depressions were found in the absence of
amnonium sulphate.

Ammonium sulphate had rather greater effects. The reduction in
the calcium content of the tops was .08%% and in the roots, .0283%.
In the tops the effect was more pronounced in the absence of salt and
superphosphate.

Superphosphate reduced the ¢ Ca in the tops by .114% but was

without influence on the roots.
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Potassium chloride caused only small reductions in the calcium

uptake.

Magnesium (A71)

The mean conténts of magnesium were .135% in the tops and L075¢
in the roots.

Salt and ammonium sulphate had very little effect.

Superphosphate enhanced the mean % Mg in the tops by .013 and
by .024x on plots which received no salt.

Potassium chloride reduced the magnesium level by .Ole% in the
tops and by .0065¢ in the roots. Potassium chloride given in the

absence of either ammonium sulphate or superphosphate caused decreases

in the order of .OBOXEQ

Phosphorus (A72)

Phosphorus uptake was enhanced by all fertilizers. e mean
%P was .194 in the tops and .161 in the roots.

Salt increased the amount in the tops by .024™% and in the
roots by .005¢. Iarger and more significant increments were found
in the absence of other fertilizers, especially superphosphate. The
negative PS interactiocns in ezch case were significant and resulted
in increases of .0483£3£ and .019K*% in tops and roots from salt when
no superphosphate was applied. hen both salt and superphosphate
were given together there was no stimulation of phosphorus uptake
from salt.

Ammonium sulphate also raised the % P by .O?;%Sin the tops,

but had no influence on the roots.
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Superphosphate itself increased the phosphorus content of the
tops by .051™% and of the roots by .030%%  In each case the
increments were markedly greater in the absence of salt and ammonium
sulphate.

Potassium chloride had only small effects on phosphorus uptake.




- 111 -

TUENTPS X ER TGS o SUL-ARY o

Effects on Yield

Table 20 gives the main effects and interactions for the four

experiments with regard to fresh and dry yields of roots and tops.

Table 20. Yields of Fresh and Dry Matter of Turnips (tons).

Main Effects and Interactions.

TRESH  YISID DRY MATUER
EXPERTVOHIT 1 2 3 4 1 2 3 4
lean yield
Tops 3.73  2.96 3.39  5.08 A4 0325 .419 664
Foots 118.36 17.76 16.06 21.47 (1.566 1.55  1.30 1.94
Response to .
S Tops .14 .06 .11 34 001 .010 L0048 - 056
Roots 2.88 2.22 73 1. 87 .280  .162 .03 .14
N Tops - - 2% 14 - - .025 .039
Roots - - -.28 .58 1 - - -.06 04
P Tops - 44 .o] .22 97£x ~.050 .095 .OQi '112x
Roots | -.67. 7. 17 1. 3{ 5 02 .028X 591 .08
K Tops | -.76% -.32 42 -.10 |-.078% -.025 '052x - 0)2
Roots .23 AT 1. 17 .90 .116 037 .11 LO7
Interactions
P Tops - - 01 =25 - - -.004 -.03%2
Hoots - - 20 -1.21 - - L01 -.011
NK Tops - - .14 .32 - - 018 034
Roots - - .13 -.19 - - .01 -.03
S Tops - - .06 05 - - 009 -.013
Roots - - 443€ —.783iE - - -.01 -~ -.08
PK Tops ~e39  =.39 -.29 59T =042 -.057  -.041 059
Roots |=-2.10 .48 .09 1. 12xx 006 -.005 .03 .10
PS8 Tops -.50 .66 .09 11.62 -.058 . .052 009 - Qng
.Roots | -.69 1.65 -.57 -2, 61§£ 021 063 -.05. -.19
K8 Tops .18 .00 .03 -.53 037 -.002 . 007 -.Ong
Roots | -.99 -192 -.01 -1. 63 -.015 -,028 -.04 -.21
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Salt increased the fresh and dry yield of roots in each
experiment. The only significant increase of 1.87x tons of fresh
and O.l4x tons of dfy matter was in Experiment 4 which was the site
lowest in readily soluble potassium. On the other hand the smallest
increase of 0.73 tons was on the only soil where a significant |
response to potassium chloride occurred. (Expt. 3.) Rather larger
increases of about 2.5 tons of fresh roots were found in the first
two experiments. There is therefore little correlation between
response to potassium chloride and response to salt. Salt had
nagligible effects on the yield of tops.

Ammonium sulphate did not alter the yield of roots in the two
experiments in which it was used. It did however increase the
yield of tops to a significant extent in Experiment 3 (+.22’E tons).

Superphosphate had significant incremental effects in all
experiments except the first. The increases were broadly related

to the readily soluble phosphorus level in the soil.

Experiment cwt. Response to Superphosphate 1% Citric Sol P

Roots Tops mgs e
2 6 7,17 0.67 4.0 Deficient
4 3 5,02 0.97% 3.5 Deficient
3 3 1,37 0.22% 9.5 Low
1 6 -0.67 -0.44 13,0 Satisfactory

There were negative PS interactions in the fresh weight yields
for three experiments in the case of the roots and in two for the

yield of tops. They were particularly large and highly significant
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in Experiment 4. There is thus a tendency for salt to give higher
yields in the absence of superphosphate and vice-versa .

Potassium chloride raised the yields of roots and tops to a
significant degree in Experiment 3 only. Otherwise it tended to
reduce the weight of tops. The increases in yield from 2 cwt. of
potassium chloride were not related.to the readily soluble potassium

content of the soil.

Experiment Response to Potassium Chloride 1% Citrie Sol. K
Roots Tops mgs. %
3 1.17* 0.42™* 12.5 Satisfactory
4 0.90 -0.10 8.5 ZLow
2 0.47 -0.32 11.0 Low
1 0.23 -0.76"* 13.5 Satisfactory

In all four experiments there were negative KS interactions for

the yields of fresh and dry roots. In only Experiment 4 was it

significant and on this site there was also a negative interaction

for the yield of tops.

Effects on Dry matter Composition

Sodium

The effects of fertilizers on the sodium uptake of turnips are
summarised in Table 21.

Salt had very marked and highly significant effects on the sodium
level in all four experiments. The increases have ranged from
044 t5 ,099%%% in the roots and from .098% to .298™" in the tops.

These increments were generally at least 50% of the mean sodium




levels in each case.
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These results are directly comparable with the

effects of salt on kale.

Table 21. Dry Matter Composition of Turnips. Y% Na.
Main Effects and Interactions.
Ixpt. 1. Expt. 2. Expt. 3. Expt. 4.
Tops Roots Tops Roots | Tops Roots Tops Roots
Mean 171 .120 «332 146 .226 175 402 134
Response to
S 102" 0557 298 L099™*| .096™* .044®F| (237 .064*
hi) - - - - .025gi .018 011 ~.015
P |-.046® .02 .028, .015 | .050, .025 | .042 020
K |{-.060" -, 079™|-.084* -.032 [-.074% -.035"%|-.078% -.033
Interactions
NP - - - - -.012 -,013 |-.018 011
NK - - - - ~.040 =.011 }-.005 ~.006
NS - - - - .013 .010 .003SE . 003
PK b-.016 -0030 _'107 -AOOB 0030 "'0002 . 0062 "0001
KS "‘0008 —0015 ""017 .015 0005 -0005

-.002 .039*

Ammonium sulphate had little effect on the sodium levels in the

two experiments in which it was used.

This was in contrast to the

results with kale, but the effects on yield were quite different for

the two crops.

Superphosphate increased the % Wa in both roots and tops in the

last three experiments by amounts ranging from .015 to «050%

Only

in one case was the increment significant, and that in the tops only.

The uptake of sodium was reduced throughout the plant in Experiment 1,

which was also the only one where superphosphate did not increase the
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yield. Brosdly similar results were found with kale.

Potassium chloride, as with kale, consistently and very significantly
reduced the sodium uptake in both roots and tops. In the tops the
depression varied between .060™* ang .084x§% and in the roots between

Ho

.032 and 079" %.

There were no marked or consistent interactions.
Potassium
Table 22 summarises the effect of fertilizers on the potassium

content of turnips.

Table 22. Dry Matter Composition of Turnips. % K.

Main Bffects and Interactions.

Expt. 1. Bxpt. 2. Expt. 3. | Expt. 4.
"|Tops Roots |Tops Roots [Tops Roots | Tops Roots
Mean 3,17  3.06 |3.36 2.60 [2.41 2,05 [1.98 1.68
Response to «
S "'002 008 013 -27 "'003 -008 “005 013
N - - - - -.le -.01 |=-.12 .00
P .29 =14 «25 .11 [-.253 -.05_ | =.19 -.07
K 63 .17 | .37 .08 | .18 20% g9 s
Interactions :
NP - - - - .14 . .09 | -.09 -'lex
NK - - - - .09 07 | -.12 -.14
NS - - - - .06 .08 -'llx .03
PI{ .45 -.20 .45 - 27 -‘tll —-16 031 —.05
PS .28 .13 « 70 .50 -.17§€ -.02 +11 .00
KS =18 =02 =47 =.07 1-.23 -.11 .00 .06

Salt had variable effects on potassium uptake. It generally
reduced it slightly (.05%) in the tops but increased it rather more

in the roots.
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Ammonium sulphate had negligible effects in Experiment 3 and
depressed the % K in the tops by .12% in Experiment 4.

Superphosphate also had no consistent influence. There were
increases and decreases in the order of .25%k’in the tops and L10% X
in the roots.

Potassium chloride always increased potassium uptaké. The
increments were generally sreater in the tops than in the roots and
ranged up to 0.63x§ and O.lex% respectively. They did not seem
to be related to the yield respbnse to potassium chloride.

The KS interactions were generally negative.

Calcium

The effects of fertilizers on the calcium content of turnips for

the four experiments are shown in Table 23.

Table 23. Dry Matter Composition of Turmips. % Cae

Main Effects and Interactions.

Expt. 1. Expt. 2. Expt. 3. Expt. 4.
Roots| Tops HRoots | Tops  Roots

Tops RootsA‘Tops

Mean - 12,31 .657 |2.02  .397 |1.80 .384 | 1.71  .355

Main Effects
S |-.07 =.007 |-.12  .054] .03 =-.017 | -=.06 =-.015_
¥ |- - - - .14 -.006 | -.08 -.028
P .000 -.006 3% L0658 ~.06 008 | -.11  .00L
K |-.09 L015 | -.13% -.004 | -.05 -.026™| -.02 =-,012

Interactions i .
NP - - - - -007 —0013 007 -.UO7
WK - - - - -.06 -.006 01 -.015
NS -.10 011 .07 017

PS -.13 -0011 —020 n015 i "‘001 —1018 "'004 -0018
K§ -.,22 -.G28 | .15 -.005 §~.O6 -.024 ¢ .01 .015
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Salt had irregular effects on calcium uptake. They were all
small and non-significant.

Ammonium sulphate depressed calcium levels in the two experiments
in which it was used. In Experiment 4 the decrease of .OZSE% was
significant.

Superphosphate stimulated calcium uptake in the tops and roots
in only one experiment. It was generally without effect in the others
but tended to depress the calcium content of the tops in Experiment 3
and 4.

Potassium chloride normally reduced the % Ca in both roots and
tops. In the roots the falls ranged up to .026 and in the tops
to +13%.

Magnesium

None of the fertilizers appreciably altered the magnesium
level. Table 24 summarises the résults.

Salt geneially reduced the magnesium contents by amounts
ranging up to .007%.

Ammonium sulphate and superphosphate had very small and irregular
effects. |

Potassium chloride consistently reduced the %Smg. Root
magnesium fell by amounts of up to .007%  The level in the tops

was decreased by between .007 and .0217.
The X3 interactions were generally positive indicating that

salt and votassium chloride reinforce each other in reducing magnesium

uptake.
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Table 24. Dry Matter Composition of Turnips. % Tig.

Main Effects and Interactions.

Expte 1. Expt. 2. Expt. 3. Expt. 4.
) Tops  Roots Tops Roots | Tops Roots | Tops Roots |
Mean . 204 .103 . 208 .082 .13%2 081 .135 075
Response to
S -.007  =-.006 007 =.004 000 -.006™ -.004 .C03
N - - . - - -.002 =.003 004 . 004
P 002 -.009 002 -,003 .002 -.OOBX .013 . 001
K -.007 -.005 -.015 -.002 }|-.008 -.007 -.021% -,006
Interactions ‘
NP bd - - - —.002 -.001 .001 0002
I\H{ bt - - bd ~e 001 . 002 [ 010 . OOO
s - - - - -.001 -.003% .008 . 004
PK . 007 =e 003 e 008 . 004 . 005 . 001 . 009 . 005
PS 0004 —.007 "0008 0002 0004 . .0013(3{ —.Oll —;OOB
KS . 008 . 004 = 008 . 003 . 006 . 008 - 002 . Ool
Fhosphorus

Table 25 presents the data regarding the effects of fertilizers
on the phosphorus content of turnips.

Salt has increased the % P in each experiment. The increases
ranged up to .038™% in the roots and to .030% in the tops.

Aumonium sulphate had irregular effects in the two experiments
in which it was used.

Superphosphate consistently increased the % P in both roots and
tops. The increments were large and significanﬁ, ranging up to

067" in the roots and .056™% in the tops.




- 119 -

Table 25. Dry liatter Composition of Turnips. % P.
Main Effects and Interactions.
T T Expt. 1. Expt. 2. Expt. 3. Txpt. 4.
Tops Roots | Tops Roots | Tops Roots | Tops Roots
Mean .163 291 | .135 157 189 .210 | .194 .161
Response to
S -.004  .024 | .030  .03%38% | .08 .015 .024; .005
I\T - 33 - - H - 3K 3 004 - 019 . 025;{;{ 3 [)(‘)()3€§£
P '056x .Oll§€ 045 '067x 'Ol6x 017 .051 030
K 0427 -,0337|-.013 -,0%9 0207 .014 | .013 . 006
Interactions sex
I\TP - - - - -0006 —0006 --014 —.015
TK - - - - -.006 =-.002 |-.00% -.001
s - - - - -.011 =.002 |-.009 ~.003
PK 027  -.053%l_,018  .000 |-.013 .005 | .011 -.005_
P .018 -.003%3 | .CO4 .013 .Ollx =008 |-.024" -.016
K8 .001 009 |-.004 .023 -.021" ~-.009 |-.009 .002

Potassium chloride had variable effects.

significant increases and decreases.

There were both

In Bxperiment 4 there were large and significant negative PS

interactions in both roots and tops, but the remaining interactions

were generally small and irregular.
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Enr S IMENTS  WIN  GRASS

Salt has been used for many years on grass by some farmers in
those areas adjacent to the sources of production in Cheshire and
Staffordshire. In addition to the possible effects on yield it is
reported to preserve the freshness of the vegetation in dry weather
and to increase the palatability of older and coarser material.
There have been no recorded experiments in this country.

Reports from New Zealapd however have indicated that salt may be
of benefit to grass (which presumably includes clover). Iynch (1954)
has shown from the results of 15 trials with salt on potassium
deficient soils that it may be of considerable benefit. On sandy
soils grass responded to salt only if no potassium chloride was
given., On "ash" soils swmall returns were found even if given in
combination with added potagsium. Sait did not improve yields on
basalt soils. The clover (wild white) grew better and there was
more uniform and closer grazing. There was an improved potassium
uptake resulting from the salt applications.

Bell(1955) and During (1957) also in New Zealand have .
reported that salt may be of benefit to grass under potassium
deficient conditions.

Gammon (1953) found in pot experiments that pangola grass
(which has a very high potassium requirement) could have two-thirds
of this need replaced by sodium without loss of crop. There was no

direct benefit with other grasses with lower potassium requirements.




- 121 -

Clover made poorer growth as sodium was substituted for potassium,
Reference has already been made (p.5) to the effect that a
number of workers have reported that lucerne barticularly and various
clovers are responsive to salt, more especially under potassium

deficient conditions.

Four experiments to investigate the effect of salt in association
with other fertilizers on the growth and composition of grass have
been completed. In each case the fertilizers were applied to
established swards. There were two experiments in 1956 and two in
1957 and in each year one was sited on a sward high in clover and
the other on almost exclusively gréss species.

In 1956, the treatments investigated were

0 and 3 cwt. Atmonium Sulphate N
0 and 3 cwt.Superphosphate P
0 and 2 cwt.Potassium Chloride X
0 and 4 cwt.Salt Sv

The layouts were in standard 2 x 2 x 2 x 2 factorial designs of
4 blocks of 8 plots, the WPKS interaction being confounded betweén
the two complete replicates in each experiment.

At one site, (Experiment 1) eight additional plots were laid
down to investigate the effect of higher levels of fertilizer
application, namely

6 cwt Ammonium Sulphate
in all combinations.

4 cwt Potassium chloride

8 cwt Salt
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All the fertilizers were applied in the spring in a single
application, and in each case two cuts of herbage were taken for
yield determinations, but sampling for analysis was dene more
frequently.

In 1957 two further experiments were commenced. The treatments

were as follows.

0 and 3 cwt. Ammonium Sulphate N
In‘addition, dressings of 3 cwt of ammonium sulphate

were given after each of the several cuts taken.

0 end 3 cwt. Superphosphate F
0 and 2 cwt. Potassium Chloride K
0 and 4 cwt. Salt s

0 and 2 cwt. Magnesium Sulphate
(iydrated) Wi .

The plots were laid out in standard 25 layouts in 4 blocks of 8.
The SMP, SNK, and MVPK interactions were confounded between blocks..

The analysis of variance was as follows.

Degrees of freedom

Main Effects , 5
Interactions 2 factor 10
3 factor (excl. SMP & SNK) 8

4 factor (excl. INPK) 4

5 factor 1

Blocks (syp. SVK. ilNPK) 3
TOTAL 31
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It was hoped that the repeated nitrogen top-dressings would
establish serious potassium deficiency and these experiments will

be continued at least into 1958 with this object in mind.

Plot Size

In each experiment, plots of .005 acre have been used as is the
usual practice. These were laid down in narrow plots each 4 £+. wide
and 54% ft. long. After marking the boundaries with string the

mixed fertilizers were applied by hand.

Harvesting and Sampling

The herbage was cut at appropriate times by means of an Allen
Autoscythe. This was employed to take a 3 ft. cut from the centre
and running the entire length of each plot.

Samples were taken by bulking 25 handfuls of the cut herbage
6btained at random from the whole length. The autoscythe leaves a
tidy .swath and the samples represent the entire cut material without
loss of leaf. The samples were transported to the laboratory in

polythene bags.

Sample Treatment

In view of the large difference in mineral composition between
grasses and clovers and the effects of fertilizers on the botanical
composition of the sward, it was decided to separate the grasses and
clovers and to analyse them separately;

| Each sample, weighing generally over 1 Kg.'was spread on a

table and separated into grasses and clovers. They were then weighed
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fresh, dried at IOOOG, reweighed and ground. Inevitably some small
loss of water occurs during the division and this was kept to the
minimum by working in a cool room. Some respiration also takes
place in the samples which of necessity have to wait a few hours
before separation. This has been kept to the minimum by storing

the samples in a refrigerator. In any event the water loss was small

and all samples were dealt with on the day of cutting.
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GRASS  EXPIRIMENT 1. 1956

Site Cochno. Dumbartonshire.

Soil Heavy loam, well drained.

»

Exchangeable Na 7.5 mgs. Y

1 9% Citric Sol. P  12.5 mgs. % Satisfactory

1 % Citric Sol. K 12.5 mgs. % Satisfactory
pH 6.5

Sward Composition

The sward consisted predominately of perennial
ryegrass with red and wild white clovers. It had been sown under

oats in the previous year.

Fertilizer Treatments and layout

All combinations of the following treatments were
investigated in a 24 factorial design of 32 plots in 4 blocks of 8,

the NPKS interaction being confounded between replicates.

0 and 3 cwt Ammonium Sulphate N
0 and 3 cwt Superphosphate P
P and 2 cwt Potassium Chloride K
0 and 4 cwt Salt S

To eight further plots immediately adjacent to the above were
applied all combinations of the following higher rates of N, K and S.
0 and 6 cwt Ammonium Sulphate N2
0 and 4 cwt Potassium Chloride K2

0 and 8 cwt Salt 52




- 126 -

In each case the whole of the fertilizers were applied as one single
treatment on April 5th. Although that day was overcast, no rain
fell for almost three weeks and there were severe scorching effects
on the clover from salt at both the 4 and 8 cwt rates. To some
extent the effects were more pronounced with the combined salt and
potassium chloride dressings. ‘This was entirely due to retention
on the clover leaves. The scorching tended to be rather irregular
and the rather high standard errors in this experiment for yields
of clover can be attributed to this.

As a result of the reduced clover, supplementary nitrogen was
not applied later in the year in order not to eliminate it entirely
from the sward.

Te herbage was sampled four times during the year, namely;

A. = Nay 5th, at the grazing stoge.

B. May 30th, at the early hay stage, when the first cut was taken.

c. July 21lst, when the grass had re-grown to the silage stage and
the second cut was taken.

D. August 21st, at the subsequent aftermath grazing stage.

Salt adversely affected clover yields and ammonium sulphate
greatly increased the growth of herbage up to the first cut. Thereafter
it had little net effect as it further depressed the clover but at

the same time increased the grass.

Tables A73 - A87 give the effects of the various treatments on

the yield and composition of the grass and clover.
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Yields of Dry Matter (A76 & A77)

The mean yield of total dry matter at the first cut was 21.64 cwt
of which 16.41 was grass and 5.23 clover. At the second cut the
total yield was 23.04 cwt, 15.00 being grass and 8.04 being clover.

Salt generally depressed the yields of total dry matter by
reason of its adverse effect on the clover. A+t each cut the clover
was decreased by a mean value of about 2.3 cwt and this was significant
at the 5%'1evel. Greater damage occured to the clover on plots
receiving phosphorus and/or potassium in addition to the salt. Salt
slightly increased the yield of grass. his may not be entirely
attributable to a direct nutritional effect but perhaps to the
reduced competition from clover.

Ammonium sulphate greatly increased the total dry matter at
the first cut by 11.93** cwt.  The main effect was to increase the
grass by 3_4.50353'E cwt and to depress the clover by 2.58;EJE cwte  The
residudl efiect of the single dressing of ammonium suiphate was very
small and at the second cuf the increase in total dry matter was only
1.35 cwt, There were however marked differences between grass and
clover. The grass increased by 7.84aix éwt and the clover yield
fell by 6.51K* cwt. Again, the clover depression was greater in
the absence of potassium.

Superphosphate had only a small influence on the yield of total
dry matter, increases of 1.21 cwt being recorded at each cut. Grass
and clover contributed equally to this.

Potassium chloride depressed the yield of total dry matter by

about 1.5 cwt at each cut, the majority of the fall being due to the
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reductioﬁ in clover. One particularly large decrease of 4.425£ cwt
was found in the second cut for the total dry matter on plots which also
received no nitrogen.

Tese effects were all accentuated in the additional plots
where higher rates of ammonium sulphate, potassium chloride and salt
were applied.

Salt at 8 cwt/acre greatly reduced yields at both cuts by its
almost catastrophic effect on the clover. 'Clover was almost
entirely eliminated by the initial scorching particularly when
ammoniun sulphate and/or potassium chloride were also applied.

Ammonium sulphate at 6 cwt increased yields to a markedly
greater extent than the 3 cwt application. Again, its effect was to
increese the grass at the expense of the clover.

The 4 cwt application of potassium chloride reduced the yield
relative to the control plot at the first cut, but when given in
agsociation with ammonium sulphate produced the largest yield of
total dry matter at both cuts, but the clover was still adversely

affected and the dry matter was almost entirely grass.

Composition of the Dry Matter

Sodium (A78 & AT79)

The mean % Na in the grass was .266 at the first sampling and
fell steadily to .062% at the fourth. In the clover a more or less
steady value of about .100% was maintained throughout. Very large
variations were recorded from one treatment to another. In the

grass the range was from .02%: on a K plot at the fourth sampling
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to .8007"’15 on an NS plot at the first. In clover the highest sodium
content was .332 on a PS plot in the first sample and the lowest was
.025% on a PK plot at the fourth.

Salt consistently increased the % Na in grass and clover at all
times by large and significant amounts. In grass, the increases
were much the greatest at the first two samplings (.1675€3€ and .134‘**,%
respectively) than in the third and fourth (.053™ and .022%).

For the A and B samples salt increased the % Na most in the presence
of ammonium sulphate. This was however reversed in the C and D
samples. The effect of salt on the clover was rather more uniform,
increases falling from .10256*% at the first to .0533‘3(55 at the fourth
sampling; Salt at the 8 cwt rate on the additional plots increased
the sodium level to an even greater degree. Amounts as high as .900
and .480% were found in the grass and clover respectively.

Ammonium sulphate increased the sodium level of grass in the A
and B gamples as much as did salt, the mean increments being .148BEK
and .1799E3£ respectively. When nitrogen was no longer increasing
yields at the C and D samplings its influence on raising the % Ha,
was much reduced and was only .006% in the last sample.. In the
first two s’a.mples the effect of nitrogen was greater in the
Presence of salt. There were also very large and significant
negative NK interactions and thus ammonium sulphate had a much
reduced influence on sodium uptake when apvlied in association
- with potassium chloride. For example,in the first sample ammonium

sulphate alone increassed the ¢ Ha by .254  but by only .042 when
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given with potassium chloride. The influence on clover was very
mich smaller and non-significant. There was either no effect or
an increase or decrease of .030/% The small reductions at the A and B
samplings may be associated with the decrease in clover yield. At
the higher rate of 6 cwt/acre onn the additional plots, the sodium
level of grass was increased more and the effect was more prolonged.
Even this high rate of nitrogen however was not able to increase
the % Ia in the presence of potassium chloride and a low level of
as little as .010% Wa was found at the fourth sampling on the plot
reéeiving 4 cwt of potassium chloride. Ag in the main expériment
there was no increase in the sodium level of the clover.
Superphosphate had the general effect of depressing sodium
uptake in both grass and clover. In grass, the largest reductions
were in the early part of tﬁe gseason, but in the clover the C and
D samples were showing the greater falls. In each case the
decreases were significantly greater where nitrogen was also given.
Potassium chloride had outstanding effects in reducing sodium
up take. In the grass the mean reduction fell from —.105xx in the
A sample to -.047°%% in the last. In clover the effect was
reversed in that the first sample showed a depression of .017% and
the fourth a reduction of .056*3%/5. In neither case were the KS
interactions of importance, but there were large and significant
negative WK interactions throughout. Potassium thus depressed the
% Na most when given together with ammonium sulphate. Potassium

chloride at 4 cwt per acre on the additional plots had correspondingly
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greater effects. e.g. In the B sample the % Na in the grass was
«275 in the N plot, .055 in the NK, .900 in the NS and <395 for the

TKS treatment. Similar trends were found in the clover.

Potassium (A80 & A81)

The potassium contents of the grass and clover were highest in
the first sample being 3%.36 and 5.12%'respectively. In clover the
amount fell steadily to 1.86% and the trend in the grass was similar
but more irregular. There was considerable variation in the Y%
in different plots. Thus in the grass the range was from 4.80% in
the A sample of an NPK plot to l.EO%Qin an NP plot at the third
sampling. In clover, 4.0% was reached in the NPK plot in the first
sample znd O.95%rin the C sample of the NP plot.

Salt had little effect on the mean %ﬁK of the grass. There
were small increases, especially in the presence of nitrogen for
the A and B samples followed by small depressions in subsequenf
samples. TFor the first two samples there were large and
significant negative XS interactions which led to salt increasing
the % K when no potassium chloride was given but reducing it when
‘the two were applied together. Similar trends, including the
significant negative KS interactions were found in the clover, but
the overall effect was rather more irregular than with grass. The
additional plots receiving 8 cwt of salt also showed much the same
effects on potassium uptake.

Ammonium sulphate increased the potassium uptake of grass




- 132 -

markedly at the first two samplings but the increase in weight of
crop removed was reflected in lower subsequent uptakes. In the A

sample the mean effect was as high as +0.74§¥7§and the depressions
in the C and D samples were -0{46H and -O.28§K%Zrespectively.
There were large and significant positive NK interactions resulting
in much increased potassium uptakes when ammonium sulphate and
potassium chloride were given together, being as high as 1.21§x%51n
the A sample. Similar trends in the overall effect of ammonium
sulphate were found in the clover and again there were large and
significant ﬁositive WK interactions. In the absence of potassium
chloride, ammonium sulphate consistently reduced the % K of clover.
On the plots which had 4 cwt of potassium chloride higher potassium
values were obtained and salt at the 8 cwt rate temded to reduce the
increases in‘both grass and clover.

Superphosphate increased the mean content of potassium in both
grass and clover by amounts ranging up to 0.3%  In the grass,
the effect was much reduced after the first sample but was much
more prolonged in clover. Tha absence of salt and the presence of
ammonium sulphate also resulted in large increments in the %X of
clover from superphosphate.

Potassium chloride itself caused large and significant increments
in the potassium contents of both grass and clover at all stages.
The increases ranged from .2 to .5% and were all significant at the
1% level. In the grass there were large and significant ® = .01)

negative KS interactions which resulted in potassium chloride
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increasing the %.i K by very large amounts but only in the sabsence of
salt. When salt was a};plied the increases were smaller and non-
significant. In grass also there were large and ﬁighly significant
positive NK interactions and this resulted in potassium chloride
having no effect on potassium uptake in the absence of ammonium
sulphate. There were also large negative XS and positive NK
interactions for the clover. Potassium chloride applied at 4 cwt
per acre on the additional plots only increased the % K when given

in association with ammonium sulphate.

Calcium (A82 & A83)

The mean calcium content of the clover remasined fairly steady
at about 2.0% throughout, but in the grass the level fluctuated
between .48 and .63%.

Salt depressed the % Ca in the A sample of grass by .049m‘E but
thereafter had no influence. In clover there were small reductions
of about .05% in the first two samples and corresponding increments -
in the last two. The additional plots which had 8 cwt of salt
showed similar trends, caléium being reduced in the early grass
samples and clover reacting in an irregular manner.

Ammonium sulphate tended to decrease the mean % Ca of the grass
by amounts in the order of .017% in all except the B sample. The
first sample showed significant reductions of .057* and .036™% in
the presence of superphosphate and potassium chloride respectively.
There was also a large negative NP interaction at the fourth

sampling. Ammonium sulphate markedly reduced the calcium content
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of the clover by .22® and 32"% at the first two sampliﬁgs, but
increased the uptake slightly thereafter. On the additional plots
at 6 cwt per acre it generally reduced the calcium in the A sample
but increassed it in the last one.

Superphosphate stimilated the calcium uptake of the grass at
all but the third sampling, that of .023% at the first being almost
significant. There were large negative NP and PS interactions
also in the A sample. It bad almost no effect on the clover.

Potassium chloride c&nsistently depressed the % Ca in the grass
by amounts ranging from .010 to .0267%. There was little
influence on the clover and when given st 4 cwt per acre on the

~additional plots there was no appreciable further influence.

Magnesium (A84 & A85)

The mean % Mg in the grass was .115 in the A sample falling to
about .095 at the B and C, and rising to .129 in the final sample.
In the clover the level dropned steadily from .260 to . 2185%.

Salt had little effect on the grass at the first two samplings
but depressed the uptake by .008* and .017"% at the third and
fourth. The decrease was much the largest on these later samples
on plots which had nitrogen {».029xx) or in the absence of phosphorus
(-.020™%) or potassium {-.030™7). In clover the largest reduction
was in the A sample and again the fall was greatest in the
presence of nitrogen and the absence of phosphorus or potassium.

On the additional plots with 8 cwt of salt the magnesium level in

the grass fell even more, e.g. at the first cut salt reduced the
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% g from .114 to 074, but there was no further influence on the
clover.

Ammonium sulphate significantly increased the % lg of grass at
the first (.030™") and second (.015%%) samplings, but thereafter was
without éffect. Increases were also found in the clover at all
except the second sampling. ‘Vhere 6 cwt of ammonium sulphate was
applied the magnesium was increased most in the clover, e.g. the
% Mg on the nil plot was .216, .230, .176 and .198 as the season
progressed and .284, .216, .234 and .250 on the N plot.

Superphosphate depressed the % lig in grass throughout by
amounts ranging up to .OlOK?’-? in the first sample. Greater
reductions were found when superphosphate and ammonium sulphate
were applied together. It also reduced the uptake in clover by
amounts ranging up to .ozo"*% and again the decreases were much
greater in the presence of ammonium sulphate.

Potassium chloride reduced the %MQin both grass and clover
by up to .010?5 but the effects were not significant. When given
at 4 cwt per acre on the additional plo.ts it tended to reduce the

uptake particularly when applied alone or in association with salt.

Phosphorus (A&6 & A8T)

T™e mean % P of the grass remained fairly steady at about «27%
except in the C sample when it fell to about .22%. In the clover
the level was much the highest in the first sample (+320) falling
to .222 in the second, .137 at the third and .163 at the fourth.

Salt had little influence on the % P in grass except in the D
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sample when it increased the level by .021%; It tended to reduce
the content of the clover by amounts ranging up to .016%. The
dressing of 8 cwt per acre on the additional plots also had no
influence on the grass but markedly reduced the level in the clover,
e.go 1in the A sample there wes .245% P in the nil plot and .120%
in the S plot and in the D sample, .200 and .085 respectively.

This no doubt reflects the severe injury by scorching to the clover
in the early stages.

Ammonium sulphate did not alter the phosphorus uptake of the
early grass samples but markedly reduced it in the later two by
about .040§¥?; These were much reduced in the presence of salt
and greatly increased where superphosphate was also given, e.g. to
-;074x¥% in the D'sample. Apmonium sulphate significantly increased
the % P in clover at the firsf and second samplings by .027;E and
.0323 respectively but there wefe subsequent reductions of .025x
and .O27xx%. In each case there were large and significant
negative NP interactions and in the A sample the phosphorus level
was markedly increased in the absence of salt. ‘hen given at 6 cwt
per acre, ammonium sulphate further depressed the uptake of phosphorus
by both grass and clover.

‘Superphosphate itself increased the %QP in the grass by about
.022% at the first two samplings and reduced it by a similar amount
at the fourth. Very comparable results were found in the clover.

Potassium chloride generally decreased phosphorus levels in
both grass and clover by amounts ranging up to .015%. It very

markedly reduced the amount in clover when given at 4 cwt per acre.

























































































































































































































































































































































































































































































































