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THE INFLUENCE OF NITROGEN FERTILIZATION
ON GROWTH, YIELD AND FRUIT SIZE
OF ‘JONAGORED’ APPLE TREES

Dariusz Wrona
Warsaw University of Life Sciences

Abstract. Guidelines in European Union for N management in orchards aim to limit fer-
tilizer applications under threshold limits, in order to reduce N losses to the environment,
but at the same time to attain optimum tree growth, high yield and good fruit quality. The
experiment was carried out at the Wilanow Research Farm, situated in the postglacial val-
ley of the Vistula River, on a fertile silty loam alluvial soil. The soil of the field assigned
for the experiment was at the depth of 0-20 cm, slightly acid (pHgc; = 6.0), showed high
available Mg (16.6 mg%) and P (6.6 mg%) contents, medium available K (19.6 mg%) and
a low K/Mg ratio (1.2). Considering a low ratio of K to the other kations as well as occa-
sionally appearing K deficiency symptoms in the neighbouring orchard, before tree plant-
ing potassium salts were applied at the rate of 200 kg K,O ha™. Throughout all the years of
studies potassium, magnesium and phosphorus fertilizers as well as liming soil were not ap-
plied. Jonagored' apple trees on M.9 rootstock were planted in spring 2000, spaced 3.5 X 1.5 m.
From spring 2000, five fertiliser treatments were applied: (1) N-0 (check); (2) N=50 (50 kg N ha™),
over the whole orchard area in early spring); (3) N-100 (100 kg N ha™', over the whole area,
in early spring); (4) N-100gcjqyeq (100 kg N ha, in early spring, starting from the fourth
year after planting 2004); (5) N-100g. (100 kg N ha™, in early spring, starting from the
fourth year after planting, in sward alleyways only). Nitrogen was applied as ammonium ni-
trate, before the start of vegetative growth. After 10 years, the higher dose, i.e. 100 kg N ha™
applied from the first year after planting resulted in the smallest trunk cross-sectional area
(TCSA), during when the same dose starting from the fourth year after planting resulted in
the highest TCSA. N fertilization did not significance effect on growth of the trees as com-
pared with not fertilized control. The first yield was harvested in the 3™ year after planting
(2002), but in any year neither dose or mode of N fertilisation had any significant effect of
yield. The cumulative yield for the years 2002—-2009 and fruit size did not depend on N fer-
tilization either. No significant response to nitrogen fertilization was noted on cropping effi-
ciency coefficient for eight years of bearing in relation to the final trunk cross-sectional area.
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INTRODUCTION

Nitrogen fertilization plays an important role in the production of apple tree orchard
and is a major means of controlling their growth and fruiting [Noe et al. 1995,
Tagliavini et al. 1996]. Guidelines in European Union for N management in orchards
aim to limit fertilizer applications under threshold limits, in order to reduce N losses to
the environment, but at the same time maintenance of a high yield and good fruit qual-
ity. In sustainable fruit production it is recommended adapting rates of N fertilizers
adequate to tree demands, taking into account natural soil resources and adopting highly
efficient technology of nutrient supply [Tagliavini and Millard 2005].

Elaboration of the proper N fertilisation recommendations is very difficult because
the effectiveness of fertilization often do not take into account the response in yield and
fruit quality. Additionally, the specific character of perennial plants causes that effects
of N supplying can be observed after many years [Pacholak 2008]. Most of scientific
experiments confirmed, that under conditions of proper soil management, apple trees
rarely responded to nitrogen fertilisation [Deckers et al. 2001, Widmer et al. 2006,
Wrona 2009]. Excessive N supply has been often decreased yield, had negative effect
on fruit blush and results in a high level of soluble N in the soil solution [Pacholak
1986, Rupp 1995, Wrona 2004, Thalheimera and Paoli 2006, Unuk et. al. 2008].

The main objective of this study was to elaborate a rational method of nitrogen fer-
tilization in apple orchard, which would allow to minimise the use of N fertilizers and at
the same time to attain optimum tree growth, high yield and good fruit quality.

MATERIAL AND METHODS

The experiment was carried out at the Wilanéw Research Farm, situated in the post-
glacial valley of the Vistula River, on a fertile silty loam alluvial soil. The soil of the
field assigned for the experiment was at the depth of 0-20 cm, slightly acid (pHgc = 6.0),
showed high available Mg (16.6 mg%) and P (6.6 mg%) contents, medium available K
(19.6 mg%) and a low K/Mg ratio (1.2). Considering a low ratio of K to the other
cations as well as occasionally appearing K deficiency symptoms in the neighbouring
orchard, before tree planting in autumn 1999 potassium salts were applied at the rate of
200 kg K,O ha™. Throughout all the years of studies potassium, magnesium and phos-
phorus fertilizers as well as liming soil were not applied.

'Jonagored' apple trees on M.9 rootstock were planted in spring 2000, spaced
3.5 x 1.5 m. Alleyways were maintained under sward, while 1 m herbicide strips were
maintained along tree rows. From spring 2000, five fertiliser treatments were applied:
(1) N-0 (control-unfertilized); (2) N-50 (50 kg N ha™), over the whole orchard area in
early spring); (3) N-100 (100 kg N ha™, over the whole area, in early spring); (4)
N-1004gejayeq (100 kg N ha', in early spring, starting from the fourth year after planting
2004); (5) N-1004ya:a (100 kg N ha'l, in early spring, starting from the fourth year after
planting, in sward alleyways only). Nitrogen was applied as ammonium nitrate, before
the start of vegetative growth. The experiments were set up in a randomized block de-
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sign, with 5 replications. Tree training, protection against diseases and pests were car-
ried out according to the recommendations for commercial orchards.

Tree growth was estimated by trunk cross-sectional area (TCSA) after ten years
(spring 2010), as well as its increase within ten years (spring 2000 — spring 2010), based
on diameter measurements at 30 cm above the ground. The yield was assessed each year
on the basis of yield per tree and as cumulative yield for eight years (2002-2009). Mean
fruit mass was also determined. The cropping efficiency coefficient (CEC) was calcu-
lated as a ratio of cumulative yield for 8 years (2002—2009) to the final TCSA (spring
2010).

All data were elaborated by analysis of variance. Significance of differences be-
tween treatment means was estimated using the Newman-Keuls test at p = 0.05.

RESULTS

Trunk cross-sectional area (TCSA), used as a measure of the overall tree growth and
final tree size was affected by dose or mode of N fertilisation (tab. 1). After 10 years,
the higher dose, i.e. 100 kg N ha™ applied from the first year after planting resulted in

Table 1. Trunk cross-sectional area (TCSA), increase of trunk cross-sectional area within ten
years of the study and cropping efficiency coefficient (CEC) depending on fertilizer
treatments

Tabela 1. Pole powierzchni przekroju pnia (PPPP), przyrost pola powierzchni przekroju pnia
(PPPPP) po dziesigciu latach badan i wskaznik intensywno$ci owocowania w zalezno-
$ci od nawozenia azotem

TCSA — PPPP TCSA - PPPP Increase of TCSA —
Treatment spring — wiosna spring — wiosna PPPPP CEC - WIO
Nawozenie 2000 2010 spring 2000-2010 kg cm?
cm? cm? cm?

N-0 1,41 a* 55.24 ab 53.83 ab 338a
N-50 143 a 52.78 ab 51.35ab 3.64a
N-100 1,37 a 4899 a 47.62 a 389%a
N-1004etayed, od 4 roku 1,42 a 56.43 b 55.01b 339a
N-1005yard, murawa 14l a 51.08 ab 49.67 ab 3.66a

N-0 — check— kontrola, bez nawozenia azotem

N-50 — 50 kg N ha™', over the whole orchard area in early spring (from 2000) — 50 kg N ha™' jednorazowo
wiosna, na cata powierzchnig (od 2000 roku)

N-100 — 100 kg N ha™', over the whole area, in early spring (from 2000) — 100 kg N ha™ jednorazowo wiosna,
na cala powierzchnig (od 2000 roku)

N-100delayed, od 4 roks — 100 kg N ha'!, in early spring, starting from the fourth year after planting (2004) —
100 kg N ha' jednorazowo wiosna od czwartego roku po posadzeniu (2004) na cata powierzchnig

N-100sward, murawa — 100 kg N ha", in early spring, starting from the fourth year after planting (2004), in sward
alleyways only — 100 kg N ha™ jednorazowo wiosna, tylko w obrebie murawy, od czwartego roku po posa-
dzeniu (2004)

* means followed by the same letter in columns are not significantly different at o = 0.05 — $rednie oznaczone
ta sama litera w kolumnach nie r6znia sig istotnie przy o = 0,05
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the smallest TCSA, during when the same dose starting from the fourth year after plant
ing resulted in the highest TCSA. N fertilization did not significance effect on growth of
the trees as compared with not fertilized control. In this case, growth of trees without
fertilization expressed as trunk cross-sectional area was vigorous and similar to growth
of trees when 100 kg N ha™' used from the fourth year after planting. The same applies
to the increase of trunk cross-sectional area within ten years of the study (spring 2000—
—2010), where fertilization did not exert any significant effect to growth of trees in
comparison to unfertilized check (tab. 1).

The first yield was harvested in the 3" year after planting (2002), but in any year
neither dose or mode of N fertilisation had any significant effect of increasing the yield
(tab. 2). During the following eight years independently of fertilization, yield per tree
systematically increased in successive years, where in 2009 exceed 30 kg. Fruit size was
different in respective years, bat did not depend on N fertilization either (tab. 3). No
significant differences in mean fruit weight due to treatments were found. Fruit size was
apparently a function mainly of weather conditions in particular seasons than N fertili-
zation.

Table 2. Yield of trees as affected by different fertilizer treatments, kg tree™!
Tabela 2. Plonowanie drzew w zaleznosci od kombinacji nawozenia, kg drzewo™

I\le‘jva:z“e‘i‘ii 2002 2003 2004 2005 2006 2007 2008 2009  Y2002-2009
N-0 9.1 133 260 225 272 251 274 357 186.3
N-50 9.3 142 290 206 228 287 337 327 191.1
N-100 78 132 266 207 287 257 309 362 189.8
N-100geayed, odaroke 94 155 268 218 266 257 27.6 379 191.3
N-100guard, murawa 78 126 255 225 267 259 300 34.6 185.6

Explanation — see table 1 — Objasnienia — patrz tabela 1
* means in columns are not significantly different at o = 0.05 — $rednie w kolumnach nie r6znia sig istotnie
przy a = 0,05

Table 3. Mean fruit mass depending on fertilizer treatments, g
Tabela 3. Masa owocu w zalezno$ci od kombinacji nawozenia, g

Average with

Treatment 2002 2003 2004 2005 2006 2007 2008 2009 8 years
Nawozenie . )
Srednia z 8 lat

N-0 350 231 273 197 239 241 291 262 261
N-50 316 242 252 210 237 237 269 249 251
N-100 299 241 275 217 237 242 274 258 255
N-100gyed odaroks 334 262 283 221 246 242 285 253 266
N-1004 004, muravea 325 249 265 195 244 244 291 252 257

Explanation — see table 1 — Objasnienia — patrz tabela 1
* means in columns are not significantly different at a = 0.05 — $rednie w kolumnach nie réznig sig istotnie
przy o= 0,05
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Fertilization had no significant effect on the cumulative yield for the years 2002—
—2009 and average fruit size (tab. 2, 3). Thus, it must be pointed out that highest total
yield and average mean fruit mass for the years 2002—2009 was obtained from the high-
est trees in combination where used 100 kg N ha™ starting from the fourth year after
planting.

No significant response to nitrogen fertilization was noted on cropping efficiency
coefficient (CEC) for eight years of bearing in relation to the final trunk cross-sectional
area; however, the higher dose, i.e. 100 kg N per ha applied from the first year after
planting, resulted in the highest CEC and nil fertilization resulted in the lowest CEC
(tab. 1).

DISCUSSION

Analysis relating to growth of trees and yielding indicated that under conditions of
proper soil management N fertilization did not exert significant effect on this features.
As shown by our study, the strongest vigor of trees was in combination where used
100 kg N ha™' starting from the fourth year after planting but not significant differences
in comparison with unfertilized treatment was noted. Lack of reaction to N fertilization
is a line with most of the previous studies [Yogaratnam and Greenham 1982, Papp
1997, Ernani and Dias 1999, Neilsen et al. 1999, Rogachev 2007, Pacholak 2008,
Wrona 2009]. The present authors explain the absence of such reaction by a low re-
quirement of apple trees for nitrogen than other plants and a good soil preparation be-
fore orchard establishment. Maintaining soil in a weed-free state by means of herbicides
undoubtedly favours abundant N availability. It has been also demonstrated by Wrona
and Sadowski [1999] that herbicide strips were additionally enriched by organic matter
with grass mown in alleyways. Thus, the roots under herbicide strips grow under luxu-
rious conditions of nutrient supply.

According to Wrona and Sadowski [1999] and Scudellari et al. [1993] yearly appli-
cations of nitrogen might tremendously increase the N fertility of some soils and tree N
reserves, and that interrupting the N supply even for long periods might not result in
tree growth and yield reduction. Additionally, fruit trees are capable to store N during
the winter for remobilization in the spring. On the other hand N used by leaves, shoots,
flowers and buds remain in the orchard and only with harvested fruit is carried away. In
this situation the apple trees find good conditions for nitrogen supply, particularly when
the soil is rich in organic matter. That was probably the reason nil response of apple
trees to N fertilisation in our experiment.

Fertilisation restricted to the sward alleyways only, seems useless, as both under
herbicide and sword treatment abundant amounts of available nitrogen are evolved
which may fully satisfy demand for nitrogen, particularly when the soil is rich in or-
ganic matter, what it confirmed by Raese et al. [2007].
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CONCLUSIONS

1. The growth of trees was affected by dose or mode of N fertilisation. After 10
years, the higher dose, i.e. 100 kg N ha™ applied from the first year after planting re-
sulted the smaller tree size, during when the same dose starting from the fourth year
after planting resulted the larger tree size. N fertilization did not significance effect on
growth of the trees as compared with not fertilized control.

2. Nitrogen fertilization for 10 years had not effect on yield in successive years, cu-
mulative yield for the years 2002—2009 and cropping efficiency coefficient.

3. No effect on tree growth and productivity due to N fertilization was a conse-
quence of good soil preparation before orchard establishment, maintaining herbicide
strips along tree rows and increase of available N content at the soil during the vegeta-
tive period.
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WPLYW ZR(')ZNICOWANE,G,O NAWQZENIA AZOTEM NA WZROST,
PLONOWANIE I WIELKOSC OWOCOW ODMIANY JONAGORED

Streszczenie. Jednym z bardziej dyskusyjnych zagadnien w nawozeniu roslin sadowni-
czych pozostaje nawozenie azotowe, a przede wszystkim jego rola we wzroscie i plono-
waniu drzew owocowych, zwlaszcza jabtoni. Celem badan bylo opracowanie racjonalnej
metody nawozenia azotem, pozwalajacej na minimalizacj¢ zuzycia nawozow, przy osia-
gnigeiu optymalnego wzrostu drzew, obfitego plonowania oraz optymalnej wielkosci
owocow. Doswiadczenie przeprowadzono w latach 2000-2009 na jabloniach odmiany
‘Jonagored’ na podktadce M.9, rosnacych na glebie typu mada wykazujacej sktad pytu
ilastego w rozstawie 3,5 X 1,5 m. Gleba pola przeznaczonego pod do$wiadczenie wyka-
zywala na glgbokosci 0-20 cm odczyn lekko kwasny (6,0), odznaczata si¢ wysoka zawar-
toscia przyswajalnego Mg (16,6 mg%) i P (6,6 mg%), Srednia zawartoscia przyswajalne-
go K (19,6 mg%) i niskim stosunkiem K/Mg (1,2). Biorac pod uwagg niekorzystny stosu-
nek K w glebie do innych kationdw, zastosowano pod orke sol potasowa w dawce 200 kg
K,O/ha. Przez wszystkie lata trwania do§wiadczenia nie stosowano wapnowania gleby,
a takze nawozenia potasem, magnezem i fosforem. W doswiadczeniu poréwnywano na-
stepujace obiekty nawozenia azotem: 1. N-0 (bez azotu, kontrola); 2. N-50 (50 kg N ha
jednorazowo wiosna od 2000 r. na cata powierzchnie); 3. N-100 (100 kg N ha™' jednora-
zowo wiosna od 2000 1. na cata powierzchnig); 4. N-100,q 4 roru (100 kg N ha™ jednorazo-
wo wiosng od 4. roku po posadzeniu (2004) na cala powierzchnig); 5. N-100,uawa
(100 kg N ha™ wiosna, od czwartego roku po posadzeniu (2004), tylko w obrebie mura-
wy). Jako nawoz azotowy stosowano saletr¢ amonowa na powierzchnig gleby. Korony
prowadzono w formie wrzecionowej; wysoko$¢ pnia wynosita 60—70 cm. Wzdhuz rzedéw
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drzew utrzymywano waski ugor herbicydowy (1 m szerokosci), natomiast w migdzyrzg-
dziach byla murawa, czgsto koszona. Wzrost drzew mierzony polem przekroju poprzecz-
nego pnia po 10 latach prowadzenia doswiadczenia byt uzalezniony od dawki i sposobu
nawozenia azotem. Najstabiej rosty drzewa, gdy stosowano dawke 100 kg N ha™ jednorazowo
wiosna na calej powierzchni, a najsilniej, gdy stosowano réwniez dawke 100 kg N ha', ale
dopiero od 4. roku po posadzeniu. Nie stwierdzono jednak istotnej réznicy pomigdzy
kombinacjami nawozonymi a kombinacja nienawozona azotem. Podobna sytuacje zano-
towano w przyroscie pola przekroju poprzecznego pnia za okres 10 lat badan (wiosna
2000 — wiosna 2010). Zaréwno plonowanie drzew w poszczegdlnych latach, jak i suma
plonow za lata 2002—2009 oraz wielko§¢ owocow nie zalezala w sposob istotny ani od
dawki, ani od sposobu nawozenia azotem. Zarowno dawka, jak i sposob nawozenia azo-
tem nie miaty wplywu na wskaznik intensywno$ci owocowania wyrazony stosunkiem
sumy plonéw do koncowego pola powierzchni przekroju poprzecznego pnia.

Slowa Kkluczowe: jabton, azot, odmiana, pole powierzchni przekroju pnia, suma plonu,
$rednia masa owocu, wskaznik intensywnos$ci owocowania

Accepted for print — Zaakceptowano do druku: 5.01.2011

Acta Sci. Pol.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


