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SUMMAEY
Increasing dressings of nitrolime applied to apple trees lead to an increase in the N
and Mg contents of the leaf and a fall in the K, P and Ca contents. Ca is the only element
whose behaviour does not coincide with what is stated in the literature.
In the discussion of the results it is pointed out that the time and place of sampling
may result in a different pattern. T h e chemical form of the nitrogen in the fertilizer is
also important.
Various factors are adduced in explanation of the divergent behaviour of the nutrient
elements, viz. growth dilution, antagonisms in uptake, altered distribution between plant
parts and increase in the exchange capacity of the root surface caused by nitrogen.
The mineral content of the leaf shows greater variations over a sequence of years as the
alteration, effected by fertilizer treatment. Yield and weather has an influence too.
As regards advice on fertilisation, it follows from the investigation that it is important
to adjust the phosphate and potash dressings to the nitrogen' dressing.
INTRODUCTION

A five-year study was made of trie effect of increasing dressings of nitrolime on
the chemical composition of the leaf of Jonathan appletree grown on M IV.
This effect is a cumulative one since the varying amounts of nitrolime were
applied to the same plots every year. The amounts of nutrient elements found in
the leaf analysis are shown as percentages by weight of the dry matter, so that
an insight is also obtained into the concentration thereof in the leaf. The total
amounts of nutrient elements taken up by the tree as a result of the various
dressings were not determined.
Consideration was given to the divergent behaviour in the leaf of the relative
contents of N and Mg compared to the K, Ca and P contents. There was also a
discussion of the importance to be attached to this in connection with practical
advice on fertilisation.
EXPERIMENTAL ARRANGEMENT

An orchard with 10 years old Jonathan apples on M IV was divided into, plots
receiving either 100, 170, 240 and 310 kg N/ha. These dressings are respectively
to be regarded as moderate, normal to optimum and extreme. The nitrogen was
applied in the early part of the year in the form of nitrolime. Each plot contained
three experimental trees. The experiment consisted of 20 replications.
At the beginning of the experiment in 1954 the soil was tested according to
the methods of the Soil Testing Laboratory at Oosterbeek, with the following
results :
*•) Received for publication, June 4, 1960.
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Depth O—5 cm
5-20 cm
N.B. 0.002%of in water soluble N was found in the 0—20 cm layer.
P-Al = mg P2O5 psr 100 g of dry soil, soluble in ammonia-lactate-acetic acid.

The soil is a medium-heavy river ridge soil containing a small amount of
calcium carbonate and a moderate percentage of organic matter. The total
nitrogen content is fairly low, as is also the amount of water-soluble nitrogen,
according to the determination at a specific moment. The P-Al number and the
magnesia number are almost adequate, but the potash content is on the low side.
The potash and phosphate dressings were kept equal throughout the orchard.
80 kg of P 2 0 5 and 200 kg of K 2 0 were applied per annum in the form of
superphosphate and sulphate of potash respectively.
In 1954 the soil was cultivation, but in the experimental period the orchard
had a grass cover.
At the end of July or the beginning of August the 3th and the 4th leaf from
the basis of the shoots were collected of 5 replications and analysed by the
Oosterbeek Laboratory. The apple yield in each plot was visually estimated
pre-harvest. In 1955 the yield was very moderate, and owing to severe night
frost no crop was obtained in 1957.
RESULTS

During the first year of the experiment the nitrogen rates had not much effect
on the growth and appearance of the trees. During the following years there
was a considerable difference between the lowest and highest nitrogen dressing
(ON and 3N respectively) as regards the number of leaves and shoots. Trees
which had been given the highest nitrogen dressing had considerably more
foliage and shoots than those with the lowest dressing. No marked differences
in growth between the IN, 2N and 3N treatments were observed, except to a
slight extent between the IN and 3N stages during the first experimental years.
As regards the effect of nitrolime on the chemical composition of the leaf and
the yield, tabel 1a shows the effect of the nitrogen dressing as an average of
the five experimental years 1954—1958, and table 1b shows whether the effect
found is to be regarded as statistically significant.
The N content of the leaf was subject to a marked rise from 2.19% at 100 kg
N/ha to 2.38% at 310 kg 'N/ha. This fertiliser effect was' found to be very significant (table l b :-\—|—|-) between the lower and higher amounts, the difference
in effect was found to be mainly due to the contrast between the lowest dressing
and the higher dressings together (100 kg compared to 170 to 310 kg;
No :Ni, 2, 3). This is also the case with the other significant effect such as that
of nitrogen on the P2O5 % and on the sum of the cations (CS). This means that
the lines representing the relationship between the content and the N dressing
are curvillinear, i.e. after a steep initial rise or fall the higher dressings only
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Table la Effect of nitrolime on nutrient elements (1954 to 1958) and on sugar content
in the leaf and crop (three experimental years).N stage
N%
kgN/
ha

code

100
170
240
310

0
1
2
3

P2O5 i K 2 0 ' CaO j MgO

CS/ i 'S g
ASi) j w r

CS1)
g equ

% \ K 2 0/
,._J MgO

« !u 2 £

per 100 g j co-Ö : u

of dry matter

2.19 i 0.50 ' 1.48 : 2.34 j 0.35 ! 4.23 \ 0.133 0.82 6.68 , 21.6
2.32 ! 0.42 1.30 ! 2.23 : 0.37 ! 3.51 j 0.126 | 0.74 ; 6.94 j 21.9
2.35 : 0.41 : 1.32 2.26 0.40 3.30 | 0.129 • 0.75 I 6.42 ! 22.2
2.38 0.40 ; 1.28 : 2.15 0.38 : 3.37 ! 0.123 ! 0.70 ! 6.75 ! 21.0

i) CS = Cation Sum (K + Ca + Mg).
AS = Anion Sum (N + P).
Table lb Effect of nitrolime and interaction of nitrogen and year, statistically tested.
1

K 2 0 ! CaO
P2O5
% ! %
% |

N%

N effect . .
Contrast

+++:

0

j 0

+

++
++
+ +++

0

! 0

0

0

+++ I

No : N i , 2, 3

Interaction
years X N .

K 2 0 / ! CS
MgO g equ.

MgO
%

CS/AS
g at.

;Corrected
Sugar
| yield
%
kg/tree

0

+

+++

0

0

0

0

+

0

0

(+)

+

0

+++
+

! 0

0

'

0 = statistically nonsignificant.
+ = statistically significant, probability level P = 0.05.
++ =
„
„
„
„ P = 0.01.
+++ =
„
„
„
„ P less than 0.01.
have a slight effect. T h e r e is only a more uniform rise in t h e case of the Mg
content (fig. 1).
Increasing the 100 kg dressing by 70 kg N / h a only results into a rise of
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!) The figures 1.34, 1.30, 1.26, 1.22 and 1.18 (column CS) should be read as 0.134,
0.130, 0.126, 0.122 and 0.118.
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2.32 - 2.19 = 0.13 % in the N content of the leaf, viz. an increase of only 6% of
the original content. The slight effect of fertilisers on the chemical composition
of the leaf was also noticeable in other feriliser experiments (42).
The relative phosphate content in the leaf falls considerably as a result of
the nitrogen dressing mainly in fact owing to the first higher fertilisation rate.
Although the potassium content is also subject to a decrease, this change, unlike
that occurring in the phosphate content, is nonsignificant. The significant
increase in the Mg content caused by nitrogen, with the simultaneous fall in the
potassium content, means, of course, that the K/Mg ratio in the leaf falls as well.
The effect of the nitrolime dressing on the calcium content is slight. The small
decrease is nonsignificant. The dressing causes a drop in the sum of the K -fCa -j- Mg cations, expressed in gram equivalents per 100 g, as well as in the
ratio of the cation to the N -j- P anion sums, expressed as gram atoms per
100 grams.
The dressing did not cause any significant change in the sugar content which
was only determined in 1954, 1955 and 1957. The average corrected yield over
the five years of the experiment increases as far as the 240 kg N/ha dressing,
after which it is again lower at the highest N stage. But these differences are
statistically nonsignificant. The fact that the yield rises with the dressing agrees
with practical experience. That the yield should only show a slight rise, is in
agreement with the results of the soil nitrogen investigation and the interpretation
obtained (4):
Table 2 Soil investigation for water-soluble nitrogen.
ppm N/soil
Depth

1958

1957
17/5

I 16/7

! 2/6

I 26/6

100 kg N/ha

0— 5 cm
0-20 cm

7
11

21
35

22
21

23
19

170 kg N/ha

0— 5 cm
0-20 cm

38
19

24
14

152
89

80
53

310 kg N/ha

0— 5 cm
0-20 cm

146
76

75
44

122
50

92
81

It was, in fact, concluded from the trial site survey of Jonathans in the Betuwe
district of Holland that the content of a soil sample taken in June from the
0—20 cm layer should be at least 25 ppm N0 3 -N to be sure of a good growth
and fruit setting. Above this content there is only a slight improvement in the
vigour of the tree. The yields were corrected for differences in the size of the
tree measured before the experiment. The product of the height and the breadth,
measured in two directions at right-angles to each other, was taken as the index
of the tree volume (9). It should be noted however that since the trees were
planted too near each other the increased growth resulting from the various
nitrogen dressings could not be converted into production as most of this growth
was removed again by pruning. For this reason no definite statement can be
made here concerning the return of the various nitrogen dressings.
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In this trial field it was not noticed that the various nitrogen stages had any
effect on the colour of the fruit.
As regards the relationships between the nutrient elements in the leaf, it is
clear that the N/P, N/K and N/Ca ratios increase with the dressings. There is no
distinct change in the N/Mg ratio as a result of the dressing (table 3).
Table 3 Effect of nitrolime on the ratios of leaf elements (1954 to 1958).
N stage
N/MQ

K/P

8.97
8.96
8.00
9.00

4.44
4.64
4.82
4.83

Ca/P ! Mg/P | ^/Ca J K/Mg J Ca/Mg

k g N / h a ! Code

100
170
240
310

0
1
2
3

11.9
13.7
14.0
13.8

2.48
3.16
3.49
3.39

3.89
3.57
3.58
3.69

1.86
1.53
1.41
1.47

4.82
4.33
4.00
4.04

Cations expressed in g equ. per 100 g.
Anions
„
„ g at.
„
„ „

The rising K/P, Ca/P and Mg/P ratios show that the phosphate content undergoes a comparatively steeper drop.
With an increasing N dressing the K/Mg ratio falls more distinctly than the
K/Ca ratio. The Ca/Mg quotient also falls with an increasing N dressing.
The chemical composition of the leaf exhibits considerable differences in the
years dealt with (36). These differences may exceed those obtained by fertilisation. Thus the average N content varied from 2.10 to 2.73%, whereas
fertilisation did not increase the content by more than 0.19%. 'No tendency can
be found over the various years except for a contineous rise in the potassium
content of the leaf and a fall in the calcium and magnesium contents. This is
probably due to the regular potassium dressing applied to the trial field, with
a regular increase in the potash level of the soil.
In one year the nitrogen dressing had a more pronounced effect on the
chemical composition of the leaf than in another (22). Significantly interactions
occured in the N, P and Mg contents and in the K/Mg and CS/AS ratios, but
there was no reversal of the reaction in the opposite direction, viz. a rise instead
of a fall or vice versa.
DISCUSSION

As regards the behaviour of the N, P, K and Mg contents, the results obtained
are in agreement with most references in literature.
The N dressing leads to an increase in the N content and the Mg content (1,6,
7, 10, 11, 12, 13, 16, 22, 25, 35, 46, 49 and 50). On the other hand, there is a fall
in the phosphate (1, 6, 10, 11, 12, 13, 22, 24, 37, 42, 49 and 50) and potassium
contents (3, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16, 22, 25, 29, 35, 37, 49, 50 and 51).
There are only a few literature references in which the opposite effect is found ;
for the said nutritive elements together it is found in 11, 14, 16, 29, 40 and 42.
Generally speaking, however, the literature reports a higher Ca content due
to nitrogen fertilisation (1, 6, 11, 12, 49 and 50). There is also some drop in the
sugar content (2, 6), an effect not found in the present experiment.
It should not be thought, however, that shifts are always reflected equally
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clearly, except of course in the case of the nitrogen content, although when the
contents are high, there will only be a slight rise (8). The size of the change
probably depends on the amount in the soil accessible to the plant. This is
probably the reason why one investigator found a more distinct drop in phosphate and the other in potassium. Thus the fall in the potassium content
decreased with increasing application of potash to the plant (40, 59). But this
was not found by CAIN (10).

These shifts in the leaf contents are only to be expected under normal practical
conditions. With very low contents of the element in question other changes
occur (13, 40). Thus in a trial field on which the trees were suffereing from
severe potash deficiency is was found that the potash shortage fell when nitrogen
was applied (possibly owing to improved root growth) and that after a
substantial increase in the potash level of the soil the visual symptoms of K
deficiency were actually increased by nitrogen. This is the possible explanation
of the fact that at the central fertilization trial field "De Lange Ossekampen",
Wageningen, the apples and pears were not subject to such severe potash
deficiency by N dressing (42). The content of other ions may also influence the
behaviour of the element studied (19, 25, 40). Thus when nitrolime was applied
to rye-grass, there was a greater increase in the calcium content with decreasing
potassium and sodium contents in the leaf (17).
Making use of the literature references, we took the opportunity to consider
which mechanisms may have led to the differences between the contents caused
by the nitrogen dressing. It is obviously impossible to discover the right
explanation by means of the experiment described here.
In general growth is greatly promoted by nitrogen. When a nitrogen dressing
is applied and the supply of the other ions is kept constant, it is clear that
these elements will fall in proportion owing to "growth dilution" (17). There
will usually be an increase in the content of the element supplied, although over
the very low range of the fertilisation treatment there may also be a relative
fall in this element as a result of a great increase in growth (43, 44). A fall in
the phosphate and potassium contents could therefore be explained by this
theory. The steep fall in contents caused by the IN stage and the slight effect
of the higher stages are in agreement with the observed differences in growth.
But the behaviour of magnesium shows that growth dilution is not the only
phenomenon. Moreover CAIN has demonstrated that when the nitrogen dressing
is increased, less P and K and more Ca and Mg are also supplied to the leaf
in absolute amounts (10).
The fact that on this trial field there was only a slight drop in the calcium
content of the leaf despite the better opportunity for absorption (see below),
might also be attributed to the growth dilution. Owing to the high pH of the
soil the calcium carbonate of the nitrolime remains in insoluble form, so that
no higher Ca ion concentration is available to the plant.
When the plant takes up the nutrient in the form of ions there must be an
electrostatic balance between the amount of positive cations and negative
anions taken up (38). It has frequently been found that with a change in the
cation dressing, the amount and type of anions remaining the same, the absorbed
cations changed but not the sum of the basic cations (17, 38, 40). On the other
hand, dressing with nitrogen in the form of ammonium nitrate causes a rise in
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both the anion and cation sums, the former rise being greater than the latter,
so that the cation sum/anion sum ratio falls with increasing nitrate fertilisation
(17, 38, 39). That the cation/anion ratio may fall despite the specified electrostatic balance, is due to the fact that the nitrate in the plant is reduced,
releasing an OH ion which can be exchanged for nitrate in the nutrient solution.
There is a fall in this ratio so long as N is taken op and assimilated (18).The
varying uptake or release of H C 0 3 ions may also have a regulating effect when
the cation/anion ratio is disturbed by a one-sided dressing with nitrate or
ammonium. The adsorption of more nitrate is accompanied by a reduction in the
uptake of other anions (17, 34). In the present experiment there was a fall in
the CS/AS quotient, butnoincrease inthe cation sumcaused by a larger nitrogen
dressing, an effect which is, moreover, of fairly general occurrence. Certain
important ions such as sulphate were not included in this calculation.
Apossible explanation of the divergent behaviour of potassium and magnesium
may also be found in the frequently observed fact that increasing nitrogen
fertilisation leads to an increase in the cation adsorption capacity of the root
wall (21,28, 41,48). This means that if the theory of the Donnan equilibrium
between root and soil colloid is correct, bivalent ions are more readily adsorbed
than monovalent ions. In fact, the potassium and magnesium ratios in the leaf
between the lowest and the highest N stages do satisfy the formules given
(41), viz. :

f[Mga]]2
[[MgolJ

rKol
LK3J

=

r 0-38-1,
[ 0.35"J

=

0.148 =
"0:128""

but the calcium does not follow this line. Thus an increasing need of potassium
caused by more vigorous growth is accompanied by a reduced ability to absorb
this element (28).
The changes in leaf contents due to the nitrogen dressing need to be accompanied by the same change in other parts of the plant. This is found to be
particularly true of trace elements in a comparison between leaf and root (40).
Growth is promoted by nitrogen. Other ions are also taken up in greater amounts
during the process. A relative accumulation or reduction may occur as a result
of the growth dilution and change in distribution over the various'parts of the
plant. Nitrogen in particular may lead to a radical change in the distribution
within the plant. Thus CAIN (11) found that the higher nitrogen dressing caused a
fall in the phosphate content in the foliage, but that it rose in the bark and wood
of new shoots. The total amount of phosphate in the plant had increased. This
was also true of the amount of potassium, but there was a reduced amount of
calcium. The Mg level rose in both shoot and leaf. According to Bos (5) a yield
increased by nitrogen may also further the shift of potash to the.fruit at the
expense of the leaf. It is known that in a year in which there is a good crop
of fruit the leaf contains more N, Ca and Mg and less K, which is the same shift
as that caused by a larger nitrogen dressing (6, 12, 27, 50,51).
If growth dilution and change in distribution over the parts of the plant are
the cause, the place and time of sampling will show a different pattern. Thus
CAIN and BOYNTON (12) found that the calcium and magnesium contents and the
related CS were reduced by a larger nitrogen dressing at the beginning of the
season, which is the period of rapid growth, but that later on in the season
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the position was reversed. GOODALL and GREGORY concluded from their experiments that a steeper fall in ths relative concentration of an element caused by
application of other nutrients was found with advancing age of the plant (19).
The form in which the nitrogen was applied to the trees was not the subject
of investigation. There is, however, a considerable difference in reaction of the
plant according to whether the nitrogen is applied in the form of nitrate or
ammonia. The NH 4 ion has an antagonistic effect on the cation uptake (30, 34,
48) and increases the phosphate uptake (31,38). In a comparative study between
NH 4 and N 0 3 fertilisation of lemon seedlings it was found that the plant fed
with nitrogen in ammonium form contained more nitrogen, while the K, Ca and
Mg contents were lower (48). The favourable effect of nitrate on the magnesium
uptake is only found when the root encounters nitrate and magnesium together.
This makes it seem likely that the physiologically acid effect of ammonium
sulphate has a retarding influence (30). But there are indications that the
adsorptive capacity of the root decreases owing to ammonia, with the result
that calcium and magnesium are less readily absorbed (23, 48).
As regards the effect on the magnesium uptake, nitrolime is situated between
the ammonium and nitrate form in the case of cereals, but in the case of potatoes
it has the effect of nitrate, probably because ammonia is wholly converted into
nitrate during the greater interval between the time of fertilising and growth
in this plant (30).
By WALLACE (47) a study was made of the effect of urea on the cation and
anion uptake. As regards phosphate the effect of urea depended on the crop. In
respect of the cations urea had a more or less ammonia effect. When the crop
was sprayed with urea there was sometimes no increase in the N content in the
leaf (8), whereas WEEKS found that unlike the effect of fertilisation, the contents
of the other ions in the leaf was unchanged after spraying (49).
Mulching with the straw of non-papilionaceous plants had much in common
with fertiliser nitrogen in its effect on growth, yield, late fall and fruit colour
of the apple (7). The nitrogen content of the leaf rose in a similar way, but
unlike the effect of fertiliser nitrogen mulching increased the potassium content
of the leaf (49), while in one year of the experiment mulching led to a marked
fall in the magnesium content (7). Potassium is introduced into the orchard by
the mulch, which explains the difference in reaction.
Bos still found a fall in potassium content with a larger dressing of the mixed
fertiliser 12 + 10 + 18,this being attributed to the more vigorous growth which
exceeds the increased supply of potash (5).
It follows from the above that the effect of nitrogen on the chemical composition of the leaf is also determined by the form of nitrogen, the crop and the
time of application (possibly also by the nitrification rate). If only ammonia is
applied, then ignoring nitrification and anion effect, we may expect a still
greater fall in the potash content and a lesser one in the -phosphate content. It
will then also be possible to observe a fall in the relative Ca and Mg contents.
The leaf contents show differences from year to year. We have already pointed
out the rise in the K content over the years and the fall in the Ca and Mg
contents which were attributed to the increased potash dressing in the
experimental years. As regards the remaining differences we are, of course,
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faced with the effect of weather conditions on the uptake of nutrients. As a direct
cause of this we can adduce the washing out of nitrogen during winter, resulting
into a lower nitrogen content in the leaf (8), or a poorer yield as in the case of
rye (33). A dry spring reduces the potassium uptake (32, 36). Owing to the small
number of experimental years this is impossible to prove, although there is an
indication of a lower nitrogen content in the leaf after a rainy winter.
Table 4 Increasing amount of precipitation in winter and N content
of leaf in the succeeding summer.
Rain in mm
Nov. to Feb.

Year
1954
1958
1956
1957
1955

N %in leaf
in summer

160
189
212
248
250

2.41
2.73
2.16
2.10
2.15

The high nitrogen content in the leaf in 1958 may also be due to the regular
distribution of the rainfall during ths summer months which promotes the
mineralisation process and the nitrogen uptake.
Indirectly a heavy fruit crop after favourable weather conditions during
flowering may cause a change in the leaf contents. According to the literature
(6, 12, 27, 50, 51) the N, Ca and Mg contents in the leaf are higher with a good
crop, and the potassium content is lower. Regarding the behaviour of the phosphate the literature is contradictory. The leaf analysis figures of this experimental
field, after correcting for the trend in the K, Ca and Mg contents, are higher for
N and P and lower for K during favourable years (table 5).
Table 5 Size of crop with the corresponding leaf analysis figures.
N content
Good harvest 1954, 1956
Middling or no harvest 1955, 1957 ..

j

2.59
2.13

|

K content
corrected

P content
0.43
0.41

j
!

1.28
1.33

However, the Ca and Mg contents (not shown here) do not vary with trie size
of the fruit crop. The 1958 leaf analysis figures are not included.
For practical ferilization advice leafanalysis is an essential supplement to soil
analysis. The fall in the phosphate and potassium contents caused by increasing
nitrogen fertilization again shows clearly that the plant should be fertilized
"harmoniously".
An excessive amount of nitrogen may intensify the potassium deficiency (14,
15, 29, 51) while too little nitrogen may cause severe magnesium deficiency
(3, 6, 20). Nitrogen led to a fall in the K/Mg ratio in the leaf, and this also
changes the relationship between the Mg content of the leaf and the K/Mg ratio
in the soil (20).
Care should be taken to ensure an adequate supply of K with an abundant
nitrogen dressing, one reason being that this imparts a good colour to the
fruit (49).
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On the other hand a high phosphate content on fields cultivated in practice
shows that too little nitrogen has been supplied to the crop (26, 45).
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