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Rootstock and Cultivar Effects on Mineral Elements Uptake Efficiency and
some Quantitative and Qualitative Characteristics of Apple cvs. Golden Delicious,
Fuji and Delbarestival
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Table 1. The Results of Physical and Chemical Analysis of soil of the experimental

orchard
Depth pH EC P K OC TNV B Fe Mn  Zn Cu Clay Silt Sand
Av.” AV
cm ds/m ppm ppm % % ppm ppm ppm ppm ppm % % %
0-30 769 121 462 567 088 205 16 42 202 26 25 26 48 26
30-60 764 174 196 393 087 229 14 44 219 22 27 30 44 26

*Available Phosphor **Available Potasium
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Table 2. Analysis of variance for effects of rootstock and cultivar on mineral elements concentration in leaf and fruit of apple

MS ol oS

4>y Ojjj;;’ = .. = = = Z. = = - s .

el £, Sphd Sl Sy SpiSe S ass SEN s 0535 esm ey
S.0.V. Ol mle . N (leaf) P (leaf) K (leaf) B (leaf) Mn (leaf)  Zn (leaf) Fe (leaf) N (fruit) K (fruit)
Year (Y) Ju 1 2.797" 0.01601™  0.039™  2428.082" 15.729" 0.114™  67084.278™ 0.0100™  0.002™
Error Ls 4 0.025™ 0.00007™  0.132" 60.675™ 0.759" 0.211"™ 731.811"™ 0.0050™  0.003"

* *k *k * 0'004ns

Rootstock (R) w2 0.116 0.00075 0.279™  866.974 2.208" 0.648"™ 995.519 0.0001"™
Y xR abx 2 0.046"™ 0.00021™  0.046™ 485091 12.425" 0.521" 265.145™ 0.0001™  0.001™
Cultivar (C) s 2 0.004"™ 0.0002" 0.506"  202.872" 9.468" 0.210™  1519.950 0.0480"  0.121
YxC Poxdl 2 0.075™ 0.00093™  0.397° 458557 0.848™ 0.002™ 97.120" 0.0001™  0.001™
RxC poxal 4 0.127" 0.00031" 0.223™  107.402™ 0.777"™ 0.508™  1102.457* 0.0110" 0.004"
YxRxC Poxabxdl 4 0.037™ 0.00016™  0.198" 55.601"™ 9.659™ 0.371" 714.138" 0.0001™  0.001"
Error Ls 32 0.027 0.00009 0.105 40.879 2.326 0.438 299.645 0.0040 0.009
C.V. (%) Ol ks 7 6.06 15.91 12.69 16.81 19.44 14.86 1252 9.85

ns, * and **: Not significant, significant at 5% and 1% levels of probability, respectively.
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Table 3. Analysis of variance for effect of rootstock and cultivar on some quantitative and quanlitative characteristics of apple

a3 5 Ses LT oS Lol (gla O gl 25 o6 ! R W 0 gun gk 6500 059 Low 52
L;J\)T Ql:i)l [ Z) uT Lp) uT
df. Yieldfefficiency Redfu]gin_g sugars Titrz%ble; acidity of pH Fruit firmness Mean F\Uit

SOV Sl e of trees of fruit juice ruit juice weight
Year (Y) Ju 1 0.005™ 39.647" 83.627" 0.188™ 0.004"™ 665.356™
Error e 4 0.002™ 0.559™ 1.718™ 0.003™ 0.276™ 292.477™
Rootstock (R) al 2 0.038™ 10.170™ 0.046™ 0.001™ 0.752™ 495.934™
Y xR wbx Ju 2 0.001™ 1.845™ 47727 0.067" 0.010™ 36.397™
Cultivar (C) 3] 2 0.100™ 21.080" 9.524”™ 0.668™ 11.613" 6862.232"
YxC X du 2 0.003™ 5.020" 15.401™ 0.150™ 0.073™ 83.517™
RxC ol 4 0.088™ 0.911"™ 1.159™ 0.062™ 0.108"™ 1165.148™
Y*xRxC o X alx 4 0.003™ 1.393™ 1.736™ 0.010™ 0.184™ 188.266"
Error e 32 0.002 1.163 0.745 0.005 0.278 186.996
C.V. (%) Sl o 8 14.68 11.83 14.77 1.90 8.83 10.56

TN 570 It clad 23 15 sme g oI5 sma b i 5 4y ek g % NS

ns, * and **: Not significant, significant at 5% and 1% levels of probability, respectively.
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Table 4. Effect of year on leaf mineral elements and some qualitative characteristics of apple

GRS TICHINT G I SR SUINN NG ST I SR oS Ll glaus 6 ol a2l
ose ST oge DT Ogl i g T
Leaf N Leaf P Leaf Fe Leaf Mn Leaf B Reducing sugars TA pH of
(%) (%) (ppm) (ppm) (ppm) of fruit juice of fruit juice  fruit juice
First year 2011 2.56a 0.17a 151.7a 96.38a 57.07a 9.97a 7.08a 3.80a
Second year 2012 2.10b 0.13b 81.2b 7497b  43.66b 8.25b 4.59h 3.69b

Az Sl (glaals di 35037 olal s ds )50 JL;::-!CE.,‘);)\:@M;}M\ LB O g a3 S i u}?buu_fﬂ.»
Means with similar letters in each column are not significantly different at 5% probability level (Duncan’s multiple range test).
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Table 5. Effect of rootstock and cultivar interaction on leaf and fruit mineral elements
and some quantitative and qualitative characteristics of apple

& 05s 5 &y b G B PWINS PY S SR PO YU N 0 5n 055 L 52 3 Sles LTS
Leaf N Leaf P Leaf Fe Fruit N pH Mean Yield
(%) (%) (ppm) (%) of Fruit juice Fruit weight efficiency

Golden delicious  MM106 2.16b 0.148cd 119.1bc 0.32ab 3.66cde 156.0a 0.37b
Fuji MM106 2.29ab 0.153bcd  146.1a 0.21c 4.05a 121.7bc 0.17d
Delbarestival MM106 2.29ab 0.151bcd  101.8c 0.21c 3.51f 126.3bc 0.51a
Golden delicious  MM111 2.30ab 0.153bcd  106.7bc 0.34a 3.70cd 149.3a 0.22cd
Fuji MM111 2.48a 0.166a 124.0bc 0.18c 3.96b 128.9b 0.18d
Delbarestival MM111 2.24b 0.146d 126.2ab 0.22¢ 3.57ef 110.6¢ 0.40b
Golden delicious M9 2.49a 0.170a 105.2bc 0.25bc 3.64de 149.5a 0.37b
Fuji M9 2.24h 0.160abc  111.0bc 0.26bc 3.89b 93.3d 0.38b
Delbarestival M9 2.50a 0.161ab 108.0bc 0.21c 3.73c 129.7b 0.27¢

izen (SSl5 (glatals dizm g0 3T ol o3 0 Jla o 53 s gime Bk BB O g2 a3 S 2 3y L o Sle
Means with similar letters in each column are not significantly different at 5% probability level (Duncan’s multiple range test).
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Table 6. Effect of year and cultivar interaction on leaf B concentration and titrable acidity of apple fruit juice

Golden delicious  Golden delicious Fuji Fuji Delbarestival Delbarestival
2011 2012 2011 2012 2011 2012
Leaf B (%) E s 64.36a 46.26¢ 54.12b 52.61b 52.74b 32.12d
TA O sl 5 6 6.51b 5.21c 7.41a 4.34d 7.33ab 4.23d

s S5 (glatals dior 0 g0 5T ol s Ao 330 Jlad pelae 53 13 fne CBkest| b Cipay 4 53 &S e Uog o b la S0k
Means with similar letters in each row are not significantly different at 5% probability level (Duncan’s multiple range test).
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Table 7. Effect of year and rootstock interaction on leaf B concentration and titrable acidity of apple fruit juice

MM106 MM106 MM111 MM111 M9 M9

2011 2012 2011 2012 2011 2012
Leaf B (%) &5 57.71b 41.87¢ 65.01a 42.94¢ 48.5¢ 46.18¢
TA Oserl 8 BB 4l B.77a 4.56de 6.88b 4.16e 5.58¢ 5.05¢cd

RSV Qg;\.s slaals L ijT Ll e300 Jlea| CLAN)J Dl gme OB | 81 Cuny a s ész..i.o Sy~ b Lhu.:i\.:n
Means with similar letters in each row are not significantly different at 5% probability level (Duncan’s multiple range test).
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Fig. 1. Comparison of apple cultivars based on fruit reducing sugar content in two years of
experiment
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Bars with similar letters are not significantly different at 5% probability level (Duncan’s multiple

range test).
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Fig. 3. Comparison of leaf K concentration of apple cultivars in two years of experiment
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Bars with similar letters are not significantly different at 5% probability level (Duncan’s multiple

range test).
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(Gilberto and Dechen, 2009)
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Table 8.. Correlation coefficients between leaf and fruit mineral elemants and some

quantitative and qualitative characteristics of apple

(St

Character <4.  Correlation coefficient
Yield efficiency with leaf K 5 el b O 533 e ST 0.271
Reducing sugars of fruit juice with fruit N 0300 053,75 b o g DT oS Lol (glanis -0.377"
Reducing sugars of fruit juice with leaf P & g b Lo g OT oS Lol (slats -0.322"
Reducing sugars of fruit juice with leaf Fe 5 AT opn ST 0l Lol (glaas 0.407"
Reducing sugars of fruit juice with leaf Mn 6 3R be e T oS Ll gl 0.328"
Titrable acidity of fruit juice with fruit K om0 el L o gen DT 0ol 25 BB s 0.285"
Titrable acidity of fruit juice with leaf N & 5 05575 boge DT el 25 J6 -0.635"
Titrable acidity of fruit juice with leaf K 6y bty b gon ST O sl 25 5 ol -0.35"
Titrable acidity of fruit juice with leaf P 68 b bo g OT O gl 25 BB el -0.635"
Titrable acidity of fruit juice with leaf Fe & AT Lo g0 DT 0 gl 25 16 0.508"
Titrable acidity of fruit juice with leaf B S s bos T O gl 25 J6 0.485"
pH of fruit juice with leaf Fe & AT Lo g ST o 0.418"
Tissue firmness of fruit with leaf Mn 8 7R Lo g 3L i -0.269"
Average weight of fruit with fruit N 052 05575 Lo 055 Jaw 20 0.357"
Average weight of fruit with fruit K o gy Lo e 05 Lo g2 0.553™
Fruit K with fruit N 05m 059,50 Loy ey 0.370"
Fruit K with fruit Zn & 5o bosm el -0.281"
Leaf N with leaf P E o ad 050 2 0.788™
Leaf N with leaf Fe o ATLEE 0505 -0.724™
Leaf N with leaf B Eponb & 50505 -0.531"
Leaf P with leaf Fe EpTLE , ad -0.723"
Leaf P with leaf B E o opb e, i -0.492™
Leaf Fe with leaf B E o opb T 0.538"
Leaf Mn with leaf B E &, K 0.288"

TN 570 Jl| chod)) Sl gme s g a4 K
*and **: Significant at 5% and 1% probability levels, respectively.
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