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MINERAL  STATUS  OF  ’KATJA’  APPLE  TREES   
DEPENDING  ON  IRRIGATION,  FERTILISATION   
AND  ROOTSTOCK 

Anna Pietranek, Ewa Jadczuk 
Warsaw Agricultural University (SGGW) 

Abstract. ‘Katja’ apple trees on M.9 Emla, M.9 751, M.9 984 and P 60 were planted on 
a silty loam alluvial soil, strongly fixing K, in autumn 1992. They were grown on non-
irrigated and irrigated plots, with different potassium fertilisation applied since 1980. Leaf 
samples were taken in the years 1999–2001. Irrigation had not any significant effect on 
leaf mineral element content. However, a tendency to increasing leaf K concentration and 
decreasing Mg concentration in irrigated trees was noted. Fertilisation, irrespective of the 
dose and mode of application, significantly affected leaf mineral status. The annual doses 
of 200 kg K2O·ha-1 and cumulative dose of 800 kg K2O·ha-1, applied once in every four 
years, significantly increased K and P concentration. Leaves of non-fertilised trees con-
tained more Mg. Leaves of P 60 contained more Ca and less Mg. 

Key words: apple, irrigation, potassium fertilisation, rootstock, leaf analysis, mineral 
elements 

INTRODUCTION 

Adequate nutrient supply is one of essential conditions for proper development of 
plants. However, many factors may modify plant nutritional status, of fruit plants in 
particular. Sadowski et al. [1982] and Jadczuk [1994] reported that leaf macroelement 
content was altered by weather conditions of a particular season. Levin et al. [1979] and 
Pacholak [1984] proved that mineral elements content of apple leaves increased along 
with increased soil moisture content. 

Research on potassium fertilisation of apple trees has brought variable results. Mer-
cik [1977], Leszczy�ski and Sadowski [1990] and Jadczuk [1994] pointed out to the 
positive effects of K fertilisation on the tree nutrient status, while Pacholak [1984] pre-
sented an opposite opinion.  
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Tree mineral status may also depend on the type rootstocks used, apparently due to 
their different ability of uptake or translocation of a particular macroelement [West-
wood 1978]. 

The aim of this research was to assess the influence different potassium fertiliser 
treatments, combined with the effect of irrigation and rootstock on mineral status of 
apple trees grown on a soil low in K. 

MATERIAL AND METHODS 

The study was carried out in the years 1999–2001 in the Experimental Orchard of 
the Warsaw Agricultural University, in Warsaw-Wilanów. The soil was alluvial silty 
loam, containing minerals from the montmorillonite, kaolinite and illite group – with 
the tendency to strong potassium fixation in the interpack spaces. The humus content 
reached 2–2.5% at the depth of 0–30 cm. In spring 1992 one-year-old ‘Katja’ maiden 
apple trees, budded on M.9 EMLA, M.9 751, M.9 984 or on P 60, were planted in the 
double-row system at the distance of (4+1)×1.5 m. Herbicide strips (1-m wide) were 
maintained along tree rows and permanent sward in alleyways. 

Non-irrigated plots were compared with the irrigated ones, with the soil water  
potential maintained at ≥-0.035 MPa. The following fertiliser treatments were applied: 
K-0 – control, no potassium; K-200 – 200 kg K2O·ha-1, every year; K-800 – 800 kg 
K2O·ha-1 once in every four years; K-400 – 400 kg K2O·ha-1, once in every four years; 
K-200herb. – 200 kg K2O·ha-1, every year, applied in herbicide strips only. These treat-
ments have been used since 1980 in the preceding sour cherry orchard. Potassium chlo-
ride, containing 55% K2O, was broadcasted by hand on a soil surface before the start of 
vegetation. 

Mid-shoot leaves were sampled after the cease of terminal shoot growth, i.e. at the 
turn of July and August. They were collected from the middle height of a tree canopy. 
A composed sample contained 48 leaves taken from 8 trees grown on the same root-
stock. Leaves were dried at 60°C. Potassium content was determined by flame pho-
tometry, phosphorus – by the molybdate-vanadiate colorimetric method, magnesium 
and calcium – by ASA and nitrogen by Kjeldahl technique. 

The experiment was set up in a split-plot-plot factorial randomised block design 
with 4 replications and 32 trees on the fertilised plot, 8 o each rootstock. Results were 
elaborated by the analysis of variance. The significance of differences between treat-
ment means was evaluated using test of Tukey. 

The years of study were characterised by relatively high mean monthly tempera-
tures, in comparison to the many-year averages (tab. 1). The warmest vegetation season 
was 2000, when the average monthly temperature was 2.8°C higher than the many-year 
averages. Sums of monthly rainfall for particular years were higher than the many-year 
averages, too. The highest precipitation was noted in 1999 and the lowest in 2000. Ac-
cording to Kaczorowska [1962] in a „normal period” precipitation should not differ 
more than by 10% from a respective many-year average. Following this principle, the 
year 2000 may be considered as normal, because the total rainfall was only 5.5% higher 
than the long term average, whereas the years 1999 and 2001 should be  ranked  as  wet. 
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Table 1. Mean monthly temperatures and total monthly rainfall 
Tabela 1. �rednie temperatury miesi�czne i sumy opadów miesi�cznych 

Mean montly temperatures, °C Total monthly rainfall, mm 

Month 
Miesi�c 

Average 
long-term 
�rednie 

wieloletnie 

1999 2000 2001 

Average 
long-term 
�rednie 

wieloletnie 

1999 2000 2001 

I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 

-3.1 
-2.1 
2.1 
7.9 

13.7 
16.9 
18.1 
17.6 
13.5 
8.6 
3.4 

-0.8 

0.6 
-0.7 
5.1 

10.6 
13.1 
18.6 
21.1 
18.4 
16.0 
8.0 
2.2 
1.3 

-0.9 
3.2 
4.0 

12.8 
15.8 
18.3 
17.2 
18.6 
21.1 
11.6 
6.1 
2.3 

0.3 
0.2 
3.0 
8.8 

15.7 
16.0 
21.4 
20.0 
12.6 
11.4 
3.1 

-3.6 

22.0 
24.4 
26.7 
33.8 
58.1 
67.8 
66.5 
65.7 
43.1 
35.9 
39.9 
36.6 

23.7 
32.3 
23.7 
88.5 
47.8 

168.9 
35.8 
38.5 
25.2 
50.1 
42.8 
22.1 

30.9 
42.2 
39.8 
14.4 
43.8 
25.9 

128.2 
54.3 
55.9 
3.0 

72.3 
38.7 

27.1 
21.6 
38.3 
60.2 
39.7 
33.7 

148.6 
35.1 
73.2 
32.6 
40.2 
28.6 

Yearly mean 
�rednia roczna 8.0 9.5 10.8 9.1 520.5 599.4 549.0 579.0 

 
Distribution of precipitation within a season is very important, the period from April to 
September being critical. It must be also taken into account that along with the increase 
of air temperature the needs of trees for water increase. So, in the period under study 
a significant water deficit occurred. 

RESULTS 

Irrigation, fertilisation and rootstocks had a varying effect on mineral status of 
‘Katja’ apple trees. Irrigation significantly increased leaf nitrogen concentration in 2001 
only (tab. 2). Nitrogen mineral status depended to the greatest extent on K fertilisation 
(tab. 3). On the average for the whole period of study (1999–2001) the leaf N concentra-
tion was significantly lower in leaves of trees fertilised at the rate of 200 kg K2O ha-1, 
applied every year in herbicide strips only (K-200herb.), in comparison to the other K 
treatments. Rootstock did not affect N mineral status of apple trees (tab. 4). According 
to the accepted standards for mineral element contents in leaves of apple trees, leaf N 
content was within an optimum range in the years 1999 and 2001, except for the high N 
content in leaves of non-fertilised trees in 2001. In 2000 low leaf N content was noted, 
irrespective of any experimental factor. 

Irrigation did not have any significant effect on phosphorus status either (tab. 2). 
However, some effect of K fertilisation on the leaf P content was noted (tab. 3). On the 
average for three years, the lowest P concentration was in the leaves of non-fertiliser 
trees. In this study K-treatment with the doses of 200 kg K2O·ha-1 applied every year or 
with 800 kg K2O·ha-1 applied once in every four years, were more effective in increas-
ing the leaf P concentration than the dose of 400 kg K2O·ha-1 applied once in every four 
years or 200 kg K2O·ha-1 every year, applied in herbicide strips only. The leaf P content 
was within the optimum range, except for the control treatment in  1999.  The  effect  of 
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Table 2. Concentration of macroelements in ‘Katja’ apple leaves (mg·100 g d.m.-1), depending 
on irrigation; mean values for different K fertilisation and rootstock 

Tabela 2. Zawarto�� makroelementów w li�ciach jabłoni ‘Katja’ (mg·100 g d.m.-1) w zale�no�ci 
od nawadniania; �rednio dla ró�nego nawo�enia potasem i podkładki 

Year – Rok Element 
Składnik 

Treatment 
Kombinacja 1999 2000 2001 

Average 
�rednio 

N non-irrigated – nienawadniane 
irrigated – nawadnianie 

 2.35 a1 
2.32 a 

1.92 a 
1.90 a 

2.36 a 
2.39 b 

2.21 a  
2.20 a 

P non-irrigated – nienawadniane 
irrigated – nawadnianie 

0.18 a 
0.17 a 

0.20 a 
0.21 a 

0.25 a 
0.24 a 

0.21 a  
0.20 a 

K non-irrigated – nienawadniane 
irrigated – nawadnianie 

1.22 a 
1.22 a 

1.35 a 
1.36 a 

1.56 a 
1.61 a 

1.38 a  
1.40 a 

Ca non-irrigated – nienawadniane 
irrigated – nawadnianie 

1.56 a 
1.54 a 

1.13 a 
1.13 a 

1.42 a 
1.47 a 

1.37 a  
1.38 a 

Mg non-irrigated – nienawadniane 
irrigated – nawadnianie 

0.35 a 
0.34 a 

0.31 b 
0.30 a 

0.46 a 
0.43 a 

0.37 b  
0.36 a 

 

1 Mean values followed by the same letter (within column) are significantly different at � = 0.05. 
1 �rednie oznaczone t� sama liter� (w obr�bie kolumny) nie ró�ni� si� istotnie, przy � = 0,05.  

Table 3. Concentration of macroelements (mg·100 g s. m.-1) in ‘Katja’ apple leaves, depending 
on K fertilisation; mean values for irrigation and different rootstocks  

Tabela 3. Zawarto�� makroelementów (mg·100 g s. m.-1) w li�ciach jabłoni ‘Katja’ w zale�no�ci 
od nawo�enia potasem; �rednio dla nawadniania i ró�nych podkładek 

Rok – Year 
Element 
Składnik 

Fertilisation Na-
wo�enie 

kg K2O·ha-1 1999 2000 2001 

Average 
of three years 
�rednio 

z trzech lat 

N 

K-0 
K-200  
K-800  
K-400  
K-200herb.  

2.33 a1 

2.34 a 
2.32 a  
2.35 a 
2.30 a 

1.90 b 
1.95 b 
1.92 b 
1.97 b 
1.82 a 

2.42 b 
2.34 a 
2.37 ab 
2.38 ab  
2.37 ab 

2.22 b 
2.21 b 
2.20 b 
2.23 b 
2.16 a 

P 

K-0 
K-200  
K-800  
K-400  
K-200herb. 

0.14 a 
0.18 b 
0.19 b 
0.17 b 
0.17 b 

0.17 a 
0.22 b 
0.21 b 
0.21 b 
0.22 b 

0.25 ab 
0.26 b 
0.25 ab 
0.22 a 
0.25 ab 

0.19 a 
0.22 c 
0.22 c 
0.20 ab 
0.21 bc 

K 

K-0 
K-200  
K-800  
K-400  
K-200herb. 

0.65 a 
1.50 c 
1.47 c 
1.28 b 
1.17 b 

0.73 a 
1.67 c 
1.61 c 
1.38 b 
1.38 b 

0.59 a 
1.91 c 
2.02 c 
1.55 b 
1.85 c 

0.66 a 
1.69 c 
1.70 c 
1.40 b 
1.47 b 

Ca 

K-0 
K-200  
K-800  
K-400  
K-200herb. 

1.59 b 
1.50 ab 
1.47 a 
1.62 b 
1.57 b 

1.14 a 
1.12 a 
1.15 a 
1.16 a 
1.10 a 

1.89 b 
1.81 b 
1.16 a 
1.18 a 
1.18 a 

1.54 b 
1.48 b 
1.26 a 
1.32 a 
1.28 a 

Mg 

K-0 
K-200  
K-800  
K-400  
K-200herb. 

0.47 b 
0.30 a 
0.30 a 
0.32 a 
0.33 a 

0.44 b 
0.27 a 
0.26 a 
0.27 a 
0.28 a 

0.69 c 
0.47 b 
0.35 a 
0.36 a 
0.37 a 

0.53 d 
0.35 c 
0.30 a 
0.32 ab 
0.33 b 

 

1 For explanation – see table 2 – Obja�nienia – patrz tabela 2. 
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rootstock on P content appeared in 2001 only; a significantly higher P concentration in 
leaves of trees on M.9 EMLA was noted (tab. 4).  

Irrigation did not influence potassium mineral status (tab. 2). Leaf K content de-
pended on fertilisation and rootstock (tab. 3 and 4). In every year of study, except for 
2000, leaf K content of non-fertilised trees was in the range considered as deficient. 
This was confirmed by the incidence of deficiency symptoms on leaves. On the average, 
leaves of trees in this treatment contained 2.4 times less K than leaves of fertilised trees. 
Significantly more K was noted in leaves of trees in the K-400 and in the K-200herb. 
treatment, where K content was optimal. The highest K content, likewise in case of P, 
was found in the leaves of trees from the K-200 or K-800 treatment. The highest K 
content was noted in the leaves of trees grown on M.9 EMLA and significantly lower in 
leaves of trees on P 60 or on M.9 751. 

Likewise in case of the other elements, irrigation did not influence the leaf Ca con-
tent (tab. 2). On the average for all years of study, a significantly higher Ca content was 
noted in leaves of non-fertilised trees or of trees fertilised with 200 kg K2O·ha-1 doses, 
applied every year, in contrast to the other treatments (tab. 3). It was found that P 60 
rootstock was significantly conducive to create higher leaf Ca content (tab. 4). 

Table 4. Concentration of macroelements (mg·100 g s.m.-1) in ‘Katja’ apple leaves, depending 
on rootstock; mean values for irrigation and different K fertilisation 

Tabela 4. Zawarto�� makroelementów (mg·100 g s.m.-1) w li�ciach jabłoni ‘Katja’ w zale�no�ci 
od podkładki; �redni dla nawadniania i ró�nego nawo�enia potasem  

Year – Rok 
Element 
Składnik 

Rootstock 
Podkładka 1999 2000 2001 

Average 
of three years 
�rednio 

z trzech lat 

N 

M.9 Emla 
M.9 751 
M.9 984 
P 60 

2.30 a1 
2.35 a 
2.33 a 
2.36 a 

1.88 a 
1.95 a 
1.90 a 
1.92 a 

2.41 a 
2.38 a 
2.37 a 
2.35 a 

2.20 a 
2.23 a 
2.20 a 
2.21 a 

P 

M.9 Emla 
M.9 751 
M.9 984 
P 60 

0.17 a 
0.16 a 
0.16 a 
0.17 a 

0.22 a 
0.20 a 
0.21 a 
0.19 a 

0.27 b 
0.23 a 
0.24 a 
0.25 ab 

0.21 a 
0.20 a 
0.21 a 
0.21 a 

K 

M.9 Emla 
M.9 751 
M.9 984 
P 60 

1.23 a 
1.25 a 
1.18 a 
1.21 a 

1.48 c 
1.29 a 
1.39 b 
1.26 a 

1.62 a  
1.50 a  
1.59 a 
1.63 a 

1.44 c 
1.35 a 
1.39 b 
1.37 a 

Ca 

M.9 Emla 
M.9 751 
M.9 984 
P 60 

1.54 b 
1.48 a 
1.52 ab 
1.66 c 

1.08 a 
1.16 ab 
1.08 a 
1.20 b 

1.45 a 
1.49 a 
1.35 a 
1.49 a 

1.36 a 
1.38 a 
1.32 a 
1.45 b 

Mg 

M.9 Emla 
M.9 751 
M.9 984 
P 60 

0.35 a 
0.34 a 
0.36 a 
0.34 a 

0.31 b 
0.32 b 
0.30 b 
0.29 a 

0.45 a 
0.47 a 
0.44 a 
0.43 a 

0.37 a 
0.38 a 
0.37 a 
0.35 a 

 

1 For explanation – see table 2 – Obja�nienia – patrz tabela 2. 
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Irrigation significantly decreased leaf Mg content (tab. 2). K fertilisation, irrespec-
tive of the dose and mode of application, decreased leaf Mg content (tab. 3). On the 
average for the period 1999–2001, leaves of trees in the fertilised treatments contained 
1.6 times less Mg than leaves of non-fertilised trees. Nevertheless the leaf Mg content 
remained in the optimal or high range. The rootstock effect on leaf Mg content was 
noted only in 2000 when it was lower in leaves of trees on P 60 (tab. 4). 

DISCUSSION 

The results of this study do not confirm that irrigation influences mineral element 
content of apple leaves. The literature did not present any clear evidence in this respect 
either [Levin et al. 1979, Olszewski et al. 1995]. It seems that a more important role 
could play weather conditions during vegetation. The least favourable conditions for the 
nutrient uptake were noted in 2000. In this season the greatest deficit of rainfall in 
summer time occurred. This was accompanied with a decrease of nitrogen, calcium and 
magnesium content in the leaves in this year. Sadowski et al. [1982] and Jadczuk [1994] 
pointed out to the fluctuations of leaf mineral content due to seasonal conditions. In this 
study a tendency to a better N, K and Ca nutrition in irrigated trees was noted, while 
a decrease due to irrigation was noted in case of Mg. 

Considering the results on the effect of potassium fertilisation on leaf mineral content, 
it must be taken into account that the experimental orchard was grown on the soil with 
a very strong ability of fixing potassium. Our results do not confirm the opinion of Boji	 
et al. [1996] that the increase of K fertiliser dose results in an increase of leaf N content. 
Basing on the average data for three years, it may be stated that K fertilisation, irrespective 
of the doses or mode of application, influences P and K content in a similar way. The most 
effective were annually used 200 kg K2O·ha-1 or the doses of 800 kg K2O·ha-1 applied 
once in four years. In these treatments, fertiliser was applied on the all the orchard floor. 
Increase of K content in apple leaves under the influence of fertilisation with this element 
was observed by Mercik [1977], Jadczuk and Sadowski [1986], Jadczuk [1994] and by 
Lipecki and Jadczuk [1998]. An opposite effect of K fertilisation was noted on Mg con-
tent. Leaf Mg concentration of non-fertilised trees was higher than that of the fertilised 
ones. It is understandable in view of the antagonism between K and Mg. The same relation-
ship was reported from the research of Vang-Petersen [1980], Mengel and Kirkby [1987], 
Jadczuk [1997a], Lipecki and Jadczuk [1998]. Likewise as in the study of Pacholak et al. 
[1999], Ca content was more modified by environmental conditions than by fertilisation. 

Many authors indicated to the important effects of rootstock on leaf mineral element 
content of apple trees [Tagliavini et al. 1992, Jadczuk and Bogdanowicz 1995, Jadczuk 
1997b, Ben 1999, Kurlus and Ugolik 1999]. Analysing effect of rootstock on leaf nutri-
ent content it was found that P 60 contributes to a better Ca nutrition. According to 
Leszczy�ski and Sadowski [1990] effect of rootstock is due to the genetically deter-
mined ability of absorption of a particular nutrient. The same tendency was noted with A2, 
which is the maternal form of P 60. Leaves of trees on M.9 EMLA contained more phos-
phorus and potassium. In this experiment the tendency was found to inducing a higher Mg 
content by use of M.9 clones as rootstocks. Tukey and Cline reported this already in 1962. 
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CONCLUSIONS 

1. Irrigation had no significant effect on the leaf macroelement content, but the ten-
dency was noted to an increase of K and decrease of Mg content in leaves of the non-
irrigated trees. 

2. Fertilisation, irrespective of the dose or mode of application, significantly influ-
enced the potassium nutritional status. The highest K content was noted in the leaves of 
trees treated with 200 kg K2O·ha-1 every year or with 800 kg K2O·ha-1 once in four 
years. Leaves of fertilised trees showed also a tendency to an increased P content. 

3. Potassium fertilisation decreased leaf Mg content. 
4. No clear effect of K fertilisation on leaf Ca content was found.  
5. Leaves of trees on M.9 EMLA contained more K and those of trees on P 60 more 

Ca. The N, P and Mg contents did not depend on rootstock.  
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STAN  OD�YWIENIA  MINERALNEGO  JABŁONI  ODMIANY  KATJA  
W  ZALE�NO�CI  OD  NAWADNIANIA,  NAWO�ENIA  I  PODKŁADKI 

Streszczenie. Drzewa, z których w latach 1999–2001 pobierano li�cie do analiz, zostały 
posadzone wiosn� 1992 r. na glebie typu mada, silnie wi���cej potas. Jabłonie zaokulizo-
wane na M.9 Emla, M.9 751, M.9 984 i P 60 rosły na poletkach nawadnianych i niena-
wadnianych, na których od 1980 r. stosowano zró�nicowane nawo�enie potasem. Nawad-
nianie nie wpłyn�ło istotnie na zawarto�� makroelementów w li�ciach, jednak wyst�piła 
tendencja do wy�szej zawarto�ci K, a jednocze�nie ni�szej Mg w li�ciach drzew nawad-
nianych. Nawo�enie, niezale�nie od dawki i sposobu stosowania nawozu, istotnie wpłyn�-
ło na od�ywienie drzew K. Najwi�ksz� zawarto�� K w li�ciach drzew stwierdzono przy 
zastosowaniu 200 kg K2O·ha-1 corocznie lub 800 kg K2O·ha-1, co cztery lata. Ponadto, li-
�cie drzew nawo�onych w ten sposób potasem wykazywały tendencj� do wy�szej zawar-
to�ci P. Istotnie najwy�sz� zawarto�� Mg wykazywały li�cie drzew nienawo�onych, a 
najni�sz�, li�cie drzew nawo�onych 800 kg K2O·ha-1, co cztery lata. Nie wykazano jedno-
znacznej tendencji co do wpływu nawo�enia K na zawarto�� Ca. Stwierdzono, �e li�cie z 
drzew na P 60 zawieraj� wi�cej Ca, a mniej Mg, którego zawarto�� była wy�sza w li-
�ciach drzew na podklonach M.9. 
 
Słowa kluczowe: jabło�, nawadnianie, nawo�enie potasem, analiza li�ci, podkładka, 
składniki mineralne 
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