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EFFECT OF AUTUMN FOLIAR UREA SPRAY
ON NUTRIENTS STATUS OF ‘ELISE’ APPLE TREES

WP£YW JESIENNEGO DOLISTNEGO NAWO¯ENIA MOCZNIKIEM
NA STAN OD¯YWIENIA MINERALNEGO

JAB£ONI ODMIANY ‘ELISE’

Abstract: The present project was undertaken to study the influence of autumn foliar urea application on leaf
and twigs macroelements content and yield of 5 year old ‘Elise’ apple. The study was carried out in years
2004–2007 in the experimental orchard at Garlica Murowana near Krakow. Trees were sprayed with 2 % and
4 % of urea at post-harvest in October. The yield of fruits and the contents of N, P, K, Mg and Ca were
examined in plant samples collected.

The N status of apple trees was optimal or high independent on treatments. Autumn foliar urea sprays
increased N content in twigs, but only in 2007 (after dry and warm 2006) affected fruit yield. There is some
evidence that autumn application of urea would be most useful for trees with low nitrogen status. The results
indicate that use of foliar urea at the high solution concentration (4 % m/v) is more efficient way to N supply
than 2 %.
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Foliar application of mineral nutrients by means of sprays offers a method of
supplying nutrients to plants more rapidly than methods involving root application [1,
2]. Foliar nitrogen supply in orchard is gaining importance as a technique to integrate
soil N applications or as an alternative to them [3, 4].

In fruit trees, spring growth, including flowering, depends on translocation of
nitrogen stored in perennial organs [5]. Nitrogen is stored during the winter, pre-
dominantly as protein in the bark of twigs and trunk or roots, and translocated in the
spring when the buds break [5, 6]. Translocation of N in spring provides nitrogen for
leaf growth before rapid root uptake occurs and so is unaffected by the N supply to the
soil [6–9]. Nitrogen utilized during bloom and the period of rapid shoot elongation
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following bloom is dependent upon the redistribution of stored nitrogen from previous
year application [5].

Urea is considered the most suitable form of N to supply as a foliar spray because its
non-polarity, and rapid absorption, low phytotoxicity and high solubility [1, 10]. Foliar
supplied urea is absorbed by leaves and rapidly converted to amino acid [11]. It
indicates that the metabolism of root-absorbed and leaf absorbed N do not differ [5].
Most studies were focused on plant N status and growth in response to urea sprays [2,
12–14]. Although urea may be used at any time during the growing season, autumn
application may be most effective for deciduous trees because high urea concentration
can be used with minimal concern about phytotoxicity [15]. The autumn foliar
application of urea can increase N reserves and improve flowering, fruit set and growth
in the following season. Nitrogen uptake through leaf surfaces may permit the reduction
of soil N application in orchard, thus decreasing the potential nitrate leaching to the
groundwater [16].

As a side effect of foliar application of urea, microflora populations on the leaf
surface might be changed and spore germination and colony growth of pathogens
thereby reduced [17].

The aim of the present research was to assess the effect of 2 % and 4 % urea solu-
tions on the leaves and twigs macronutrients concentration, and yield of ‘Elise’ apples.

Materials and methods

The study was carried out in years 2004–2007 in the experimental orchard at Garlica
Murowana near Krakow. Trees of ‘Elise’ cultivar, grafted on M.9 rootstock were
planted in 2000 at 4 × 1.6 m spacing. The soil was kept in the herbicide strips in tree
rows with grass between them.

Every year of the experiment in spring nitrogen soil fertilization was applied at the
rate of 50 kg × ha–1 using ENTEC 26 (26 % N including 18.6 % NH4-N with the
addition of nitrification inhibitor). Nitrogen fertilizer was spread around each tree, in the
area of herbicide strip.

The experiment was carried out in a complete randomized blocks in four replications
(6 trees in one replication) and comprised:

1. Control (no foliar spraying, no soil N applied),
2. Control + soil N applied,
3. Trees sprayed with 2 % urea (one time),
4. Trees sprayed with 4 % urea (one time).
Solutions were used with an addition of the surfactant Aptolan 80EC (76 % of

paraffin oil) in the amount of 1000 dm3
× ha–1. The sprayings were conducted after fruits

harvest in the first decade of October.

Soil analysis

Soil samples were taken from the layers of 0–20 cm and 20–40 cm, each separately
from herbicide stripes and grass strips, at the time of taking leaf assays. Nutrient
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contents in soil were estimated according to the Egner-Riehm (P and K) and
Schachtschabel (Mg) methods as well as by universal methods (Ca) [18]. The pH value
in water suspension (pHH2O) and in 1 mol × dm–3 KCl (pHKCl) in 1 : 2 the soil : water (or
soil : solution) ratio were measured. In soil samples granulometric composition by the
aerometric method of Proszynski [19] and the organic carbon content by Tiurin’s
method were determined [18].

Leaf analysis

To estimate the nutritional status of the trees the leaves samples were collected every
year at the end of July or the beginning of August. Samples of 10 mid-shoot leaves from
current season’s extension growth on shoots of representative vigor, in the periphery
area around the each tree were collected. Plant material was dried at 70 oC and digested
in the mixture of HNO3, HClO4 and H2SO4 (6 : 2 : 0.8 ratio). The contents of K, Mg and
Ca were measured by atomic absorption spectrophotometer using the flame method;
P was determined by spectrophotometric method with ammonium molybdate. Total
nitrogen content in leaves was determined by Kjeldahl’s methods [19].

Twigs analysis

At the beginning of December after leaves abscising 5 twigs (10 cm a length) of each
tree were taken from the outer part of the tree, at the height of 1 m. The bark with a
cambium layer and the wood of twigs were analyzed separately. Nitrogen, phosphorus,
potassium, magnesium and calcium contents were determined after dried, milled and
mineralization in acid mixture as previously described.

Every year in the first decade of September the yield of fruits was also estimated.

Statistical analysis

Data were subjected to two or tree-factor analysis of variance (ANOVA). Differences
between means were assessed by Fisher’s test. All statistical analyses were performed
with Statistica 8.0 software.

Results and discussion

Soil analysis

The experimental orchard was established on heavy soil (> 35 % of fraction < 0.02
mm) of silt loam with a low pHKCl 4.05–4.19. The phosphorus and magnesium content
was high (> 4 mg P × 100 g–1 and 5–6 mg Mg × 100 g–1, respectively) both in the
herbicide and grass stripe samples of 0–20 cm and 20–40 cm layers. The potassium
content was high and ranged between 16.3 (in 20–40 cm layer) to 22.4 mg K × 100 g–1

(in the humus layer). The potassium to magnesium ratio (K:Mg) in the soil was proper,
lower than 3.5 (Table 1).
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Table 1

Contents of P, K, Mg and Ca in the orchard soil

Factor
pH

in KCl

P K Mg Ca K : Mg

[mg 100 × g–1]

Place of
sampling

Herbicide strip
Grass strip

4.19
4.05

5.0
4.8

19.1
19.7

5.9
6.4

38.8
27.4

3.2
3.1

Soil layer
[cm]

0–20
20–40

4.17
4.06

5.6
4.3

22.4
16.3

6.1
6.2

32.6
33.6

3.7
2.6

Leaves analyses

Environmental factors affected nutrient uptake by plant in years of research. Any
year of the experiment magnesium and calcium content in the leaves ranged in the
optimum values for the apple trees [20] (Table 2).

Table 2

Nutrient contents in leaves of apple ‘Elise’ cv.

Factor
N K Mg Ca P

[% d.m.]

Year

2005 2.53 1.72 0.25 1.32 0.17

2006 2.36 1.21 0.26 1.34 0.08

2007 2.44 1.21 0.24 1.52 0.14

Treatment

Control 2.46 1.33 0.26 1.41 0.13

Control + N 2.39 1.42 0.25 1.37 0.13

2 % urea 2.48 1.43 0.23 1.40 0.13

4 % urea 2.45 1.34 0.26 1.40 0.13

LSD0.05 for
Year
Treatment

0.054
0.063

0.170
ns

ns
0.023

0.075
ns

0.015
ns

ns – not significant.

The phosphorus level reached the optimum range in 2005 and 2007, however, it was
low in 2006. In 2006 the nitrogen level in leaves was in the optimum, while in 2005 and
2007 in the high range (more than 2.4 % N in d.m.). In 2005, high K content in the
apple leaves was detected (> 1.5 % K in dm). In the present study spring soil N
application (Control + N) resulted in a little lower than average leaf N. This result did
not confirm conclusions of Khemira et al [21], who reported that spring-applied
broadcast fertilizer in apple was found in aboveground tissues rather than roots, but that
nitrogen from preharvest broadcast application was translocated preferentially to the
roots.

Autumn foliar urea application did not affect P, K and Ca content in apple leaves.
The lower content of Mg was measured in leaves treated 2 % urea solution than in the
control trees and foliar applied of 4 % urea solution.
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Twigs analyses

Oland [22] reported that foliar application of 4 % urea solution to apple trees in
autumn increased the amount of nitrogen translocation from leaves during senescence,
which resulted in a 31 % increase in N content of reproductive spurs by leaves fall and
increased fruit yield in the subsequent year. In present studies foliar 4 % urea solution
application significantly increased N content in bark of the one-year old apple twigs
analyzed in the beginning of December in 2005 and 2006 (Table 3).

Table 3

Nitrogen content in the bark and wood of ‘Elise’ apple twigs

Treatment
Part

of branch

N content [%]

2005 2006 2007 Mean

Control

Bark

1.41 a 1.43 ab 1.33 a 1.39 a

Control + N 1.48 a 1.35 a 1.29 a 1.37 a

2 % urea 1.48 a 1.50 bc 1.41 a 1.46 b

4 % urea 1.61 b 1.58 c 1.40 a 1.53 c

Control

Wood

0.84 a 0.69 ab 0.86 a 0.80 a

Control + N 0.84 a 0.58 a 1.04 b 0.82 ab

2 % urea 0.91 a 0.66 a 1.03 b 0.87 bc

4 % urea 1.06 b 0.80 b 0.90 a 0.92 c

In 2007 this trend was also observed, but was not statistically significant. In the wood
samples only in 2005 application of 4 % urea statistical significantly augmented N
content. The nitrogen content in bark was above 60 % higher than in wood tissues. An
average (in 3 years of experiment) the amount of nitrogen in bark ranged between
1.37 % (control + N) to 1.53 % d.m. (4 % urea solution), while wood contained 0.80 %
N (control) to 0.92 % d.m. (4 % urea solution). Khemira et al [23] reported that in
mature spur and standard apple trees, very little N derived from autumn foliar
applications was found in any tissues the following season. Authors showed that for
trees with sufficient N at senescence, foliar applied urea may only replace leaves
nitrogen that would normally be withdrawn, rather than augmenting it.

The phosphorus content in bark and wood of shoots was similar and independent on
treatments in case of wood. Mean values of P in bark were 0.15–0.18 % d.m. (Table 4).
The lowest P content was measured in bark of shoots collected from control treatment
without N fertilization. In wood tissues the phosphorus content ranged from 0.16 % to
0.17 % d.m. The potassium content in bark as well as in wood did not affect by
treatments. In wood measured above 40–46 % of K detected in bark (Table 4). The
amount of Mg and Ca in wood tissues was much lower than in bark of apple twigs and
amounted above 30 % and 23 % of bark content, respectively. The magnesium level in
twigs wood tissues was not very differentiated following treatments, however statistical
significant. The Mg content in bark and wood was higher in the control trees with soil
applied N. These results are difficult to conclusive interpretation. The twigs collected
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from trees without N fertilization (control) or sprayed with 2 % urea solution had
significantly higher calcium content.

Table 4

Nutrient content in the bark and wood of ‘Elise’ apple twigs (mean of 3 years)

Treatment
Part of
branch

P K Mg Ca

[% d.m.]

Control

Bark

0.15 a 0.61 a 0.15 a 1.92 ab

Control + N 0.18 b 0.76 a 0.17 b 1.74 a

2 % urea 0.17 b 0.67 a 0.15 a 2.01 b

4 % urea 0.17 b 0.62 a 0.15 a 1.73 a

Control

Wood

0.16 a 0.28 a 0.04 ab 0.45 a

Control + N 0.17 a 0.30 a 0.05 c 0.42 a

2 % urea 0.16 a 0.28 a 0.04 a 0.44 a

4 % urea 0.16 a 0.29 a 0.05 bc 0.42 a

Yield

In 2005 and 2006 yield of trees was similar and ranged between 12.3 to 13.1 kg per
tree, while in 2007 over twice higher yield was obtained (Table 5).

Table 5

Yield [kg per tree] of ‘Elise’ apple in 2005–2007

Combination

Yield [kg per tree]

2005 2006 2007
Sum

of 2005–2007

Control 14.3 11.3 29.5 55.1

Control + N 11.1 13.9 27.1 69.5

2 % urea 13.3 13.1 30.6 57.0

4 % urea 14.0 11.1 34.4 59.5

Mean for year 13.1 12.3 30.4

LSD0.05 for
Year 2.05

Treatment ns ns ns

Severe spring frost affected the fruit production for 2005 and 2006, whereas growing
condition in 2007 was ideal with adequate rainfall during the summer and no significant
frost/freeze conditions in the spring during bloom. Any year were not significant
differences between treatments although, average yield from trees treated with 2 % and
4 % urea solutions was slightly higher (Fig. 1).

The growing season of 2006 was the warmest and driest. This year extremely dry
month were recorded July and October. There were not favorable conditions to N
uptake by roots and storing nitrogen in the woody tissues of the trees as proteins or
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amino acids for the growth the following spring. Autumn urea-N applied could improve
nitrogen sink for next year and affected yield in 2007. Fallahi et al [24] reported that a
post-harvest urea application at the beginning of leaf senescence appears to be most
efficient in providing N to the developing flower buds. Neilsen et al [9] showed that
translocated nitrogen contributed 50 % of N in shoot leaves, 90 % of N in the spur
leaves that subtend the fruit and 60 % of the nitrogen in the fruit.

Conclusion

Conditions which potentially limit the availability of nitrogen in the soil or their
utilization (ie light textured soils, late fruit harvests, environmental conditions)
represent situations in which foliar N application offers an important alternative means
of supply for maintain nutrient N status. Post-harvest foliar N applications are typically
made in summer/autumn to augment N reserves in the branches available to support the
spring vegetative and reproductive growth occurring before the roots are capable of
significant uptake of soil nitrogen. The results discussed here demonstrate the benefits
of N post-harvest urea application in the average well-maintained apple orchard. In
present study the nitrogen N status of apple trees was optimal or high N independent on
treatments. Autumn foliar 4 % urea sprays slightly increased N content in twigs, but
only in 2007 (after dry and warm 2006) affected fruit yield. There is some evidence that
autumn application of urea would be most useful in trees with low nitrogen status. The
results reported indicate that the use of foliar urea at the high concentration (4 % m/v) is
more efficient way to supply N than 2 % solution.
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Fig. 1. Yield [kg per tree] of ‘Elise’ apple in 2005–2007
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WP£YW JESIENNEGO DOLISTNEGO NAWO¯ENIA MOCZNIKIEM
NA STAN OD¯YWIENIA MINERALNEGO JAB£ONI ODMIANY ‘ELISE’

Katedra Uprawy Roli i Nawo¿enia Roœlin Ogrodniczych,
Katedra Sadownictwa i Pszczelnictwa

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Badano wp³yw jesiennego dolistnego nawo¿enia mocznikiem na zawartoœæ makrosk³adników
w liœciach i pêdach 5-letnich jab³oni odmiany ‘Elise’. Doœwiadczenie prowadzono w latach 2004–2007
w Garlicy Murowanej ko³o Krakowa. Zabiegi dolistnego nawo¿enia 2 % i 4 % roztworem mocznikiem
wykonywano po zbiorze owoców w pierwszej dekadzie paŸdziernika. Okreœlano plon owoców oraz zawartoœæ
azotu, fosforu, potasu, magnezu i wapnia w liœciach i pêdach jab³oni.

Przeprowadzone analizy materia³u roœlinnego wykaza³y, ¿e we wszystkich latach prowadzenia badañ stan
od¿ywienia jab³oni azotem by³ optymalny lub du¿y, niezale¿nie od zastosowanego nawo¿enia. Jesienne
pozakorzeniowe stosowanie mocznika zwiêksza³o zawartoœæ N w pêdach jab³oni, ale tylko w 2007 r. (po
suchym i gor¹cym roku 2006) zwiêkszy³o plony owoców. Lepsze wyniki uzyskano, stosuj¹c wiêksze stê¿enia
mocznika (roztwór 4 %).

S³owa kluczowe: jab³ka odmiany ‘Elise’, dolistne nawo¿enie mocznikiem, od¿ywienie mineralne
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