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Differences in Mineral Contents of Apple Leaves
Associated with Fruiting and Non-Fruiting
of Biennial Bearing Trees
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The relationships between differences of mineral content and
biennial bearing in ‘Amasya’ apple cv was determined. The
‘Amasya’ apple cultivar was grafted on the M.9, MM.106 and
MM.111 clones and on the seedling rootstocks were planted in
2x2,4x4,6x6 and 6 X 6 m densities, respectively. The contents
of leaf N, Ca, Mg, Fe, (Ca+ Mg)/K, N/K and Ca/K were found
higher in fruiting trees than in non-fruiting trees. Ca and Mg con-
tents of leaves of grafted trees on M.9 were higher than MM. 106,
MM.111 and seedling rootstocks. Significant differences (P < 0.01)
were found for K, Cu, Zn content, and N/K, (Ca + Mg)/K and Ca/K
ratio of mature leaves according to used rootstocks. It is generally
agreed that an increase in bearing results in an increase in leaf N,
Ca and Mg. The results for P and K for fruiting and non-fruiting
trees are inconclusive.

Key Words: Apple, Fruiting, Non-fruiting, Macro-micro
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INTRODUCTION

Alternate bearing is one of the most important problems in apple production.
Fruit buds are produced on two years old branches in apple cultivars. Heavy
flowering-fruiting in ‘on year’ trees causes alternate bearing in apple cultivars. The
ratio of carbohydrate/nitrate, some macro- and micro-nutrients and some internal
hormonal contents were varied in frumng on year’ trees and non-fruiting ‘off year’
trees as reported by Marino and Greene'.

The heavy bearing generally increases the water consumption per unit leaf area
and results in higher concentrations of N, Ca and Mg of leaf blades. On the contrary,
potassium concentrations of leaves decrease by fruit load as reported by many
research workers. As a consequence of strong inhibition of the vegetative growth by
fruit load, the total amount of mineral elements in fruit bearing trees was lower than
in the non-bearing ones®.

The main objective of our study is to investigate the nutrient contents of
‘Amasya’ apple cultivar during fruiting and non-fruiting years.
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EXPERIMENTAL

‘Amasya’ apple cultivar shows alternate bearing characteristics. ‘Amasya’
apple cultivars grafted on M.9, MM.106 and MM.111 clone apple rootstocks and
on seedling rootstocks were used in the study. The plantation was established in
1985. The apple trees grafted on the M.9, MM.106 and MM.111 clones and on
the seedling rootstocks were planted in 2 x 2, 4 x 4, 6 x 6 and 6 x 6 m densities,
respectively. This research was conducted under Tokat-Turkey ecological condi-
tions. '

Matured leaves were sampled on July 15. The representative plant samples
were analyzed to determine the plant nutrition level. The dry matter yield of leaves
was determined after getting constant weight in an oven at 65°C. Total nitrogen
was determined by Kjeldahl method as suggested by Bremner>. K, Ca, Mg, Fe,
Cu and Zn contents were determined by atomic absorption spectrophotometer
after dry ashing at 550°C and the ash was dissolved in 10% hydrochloric acid®.
Phosphorus was determined by vanadate molybdate yellow colorimetric method®.

Optimum macro- and micronutrient contents of leaves as suggested by other
workers® are given as follows: N, 1.80-2.20%; P, 0.12-0.19%; K, 1.20-1.80%;
Ca, 0.99-1.52%; Mg, 0.24-0.36%; Cu, 5 ppm; Fe, 100400 ppm and Zn, 35-60
ppm.

RESULTS AND DISCUSSION

The macro- and micronutrient content of leaf is given Fig. 1. There are
important differences (P < 0.01) in between the rootstocks according to K, Cu
content and N/K, (Ca + Mg)/K and Ca/K ratio of mature leaves. N, P, K, Cu and
Zn contents in the mature leaves of ‘Amasya’ grafted on the M.9, MM.106 and
MM.111 clones and on the séedling rootstocks were found to be at optimum level.
However, the levels of Ca, Mg and Fe content in the leaves were observed low
in all rootstocks.

Ca and Mg contents of leaves of grafted trees on M.9 were higher than
MM.106, MM.111 and seedling rootstocks. However, similar results were found
by other workers” 8,

The rootstocks with different abilities on nutrient absorption are possibly the
reason of the variation of nutrient contents in rootstocks used®. In our research,
the rootstock has significant effect on the contents of K, Zn and Cu. There is no
significant difference for N, P, Ca, Mg and Fe content of leaves among rootstocks.

The micro and macro nutrients of.leaves were determined in 1998 ‘off year’,
1999 ‘on year’, 1998 ‘on year’ and 1999 ‘off year’ to investigate the relationship
between biennial bearing and mineral nutrients.

N, Ca, Mg, Fe, N/K, (Ca + Mg)/K and Ca/K were found higher in ‘on year’
trees than ‘off year’ trees. We also found an important difference (P <0.01)
between ‘off year’ and ‘on year’ according to contents of N and Ca/K.
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The content of leaf Ca and Mg increased in fruiting trees®. The contents of
leaf N, P, Mg, Ca and Mn levels were found higher in fruiting trees than in
non-fruiting trees'®. There was no significant difference in the between the levels
of K or Fe in ‘on’ and ‘off” years. But, there are significant differences in N, P,
Mg, Ca and Mn in ‘on’ and ‘off’ years. Lamb et al.!' found that the mid-shoot
leaves from fruiting trees had higher percentages of N, Ca and Mg. However,
lower percentages of P and K were found for non-fruiting trees. It is generally
agreed that an increase in fruiting results in an increase in leaf N, Ca and Mg.
The results for P and K are inconclusive (Table-1).

TABLE-1
COMPRESSIONS ON EFFECT OF NUTRIENTS ON ALTERNATE BEARING
OF APPLES STUDIED BY MANY RESEARCHERS

Concentration changes of nutrients associated with ‘on year’®

References
. N P K Ca Mg Mn Fe Cu Zn N/K CaK Ca+MgK

Cain etal’ + - -+ o+
Boyntoneral'® + + - 4+
Emmert'® + - - o+ o+
Roach™ + -+ o+
Mason'® + + N + + + N
Lamb er al." + - -+ o+
Forshey2l + - N
Ljonesl3 - +
This work + - -+ o+ + - - o+ o+ +

®+ increase; —decrease; N=no significant change.

The experiment carried out with olive cultivars has shown that the olive trees
could use more nitrate and potassium in ‘on year’ season. Gonzales et al.'’
reported that higher amount of potassium and nitrate and léss amount of calcium
are needed to obtain a good yield. In another research, Mg and Ca contents of
leaves of ‘on year’ trees were found higher than those of ‘off year’ trees in olives.
The results showed close relationship between N/K, Ca/K, (Ca + Mg)/K and
alternate bearing. The ratios of N/K, Ca/K and (Ca+Mg)/K were also found higher
in ‘on year’ than those of ‘off year’!*'® Similar relationship was found in the
present study. The correlation between N, Ca, Mg, Fe and alternate bearing was
strengthened due to the higher N, Ca, Mg and Fe content in ‘on year’ than those
in ‘off year’ trees. On the other hand, it is a normal physiological procedure of a
tree to consume higher amounts of N, Ca, Mg and Fe during fruiting years.
Therefore, it is really a case that needs to be clarified for determining the reason
of higher amounts of N, Ca, Mg and Fe contents in the ‘on year’ trees. The present
study showed a close relationship between biennial bearing, N, Ca, Mg, Fe
contents and Ca/K, N/K, (Ca + Mg)/K ratio.



2384 Akcaetal. Asian J. Chem.

Eali ol S

REFERENCES

F.D. Marino and W. Greene, J. Am. Soc. Hort. Sci., 106, 593 (1981).

D. Alemayehu and Getachew, Landw. F. Diss. V., 196 (2000).

J.M. Bremner, J. Agric. Sci., 85, 1 (1960).

D.E. Baker, G.W. Gorsline, W.I. Thomas, W.E. Grube and J.L. Ragland, Agronomy J., 56,
133 (1964).

H.D. Chappman and F.P. Pratt, Methods of Analysis for Soils, Plants and Waters, University
of California (1961).

E.N. Estabrooks and I. Ghanem, Acta Horr., 274, 123 (1990). -

1. Bolat and L. Pirlak, Farkli anaglarin bazi elma gesitlerindeki bitki besin elementi igeriine
etkileri, II: Ulusal Bahge bitkileri Kongresi, Adana, S: 35-39 (1995).

A. Kiiden, O. Gezerel and N. Kaska, Farkli klonal ve ¢oiir anaglari iizerine asili bazi elma
cesitlerinin bitiki besin madde igerikleriyle verim diizeyleri arasindaki ilikiler, Tiirkiye 1.
Ulusal Bahge bitkileri Kongresi, 1zmir, S: 115-119 (1992).

J.C. Cain and. D. Boynton, Proc. Am. Soc. Hort. Sci., 51, 13 (1948).

A.C. Mason, Ann. Rep. E. Malling Res. Sta., 122 (1954).

J.G.D. Lamb, J.D. Golden and M. Power, J. Hort. Sci., 34, 193 (1959).

F. Gonzales, M. Chaves, C. Mazuelos and A. Troncoso, Aspectos fisiologicos en la nutricion
del olivar variedad manzanillo en relacion con factores nutricionales C.R. 4 Eme Coll. Int.
Controle De Lalementation Des Plantes Cultivees Gent, Voll II, pp. 409426 (1973).

S.D. Demetriades, N.A. Gavamles and C.D. Holevas, An. Inst. Phytopat. Benaki., 3, 119
(1960).

F.G. Creschimanno, I. Sottile, V. Averna and E. Bazan, Autoradiate E innetate Riv. Or-
toflofrutt It., 59, 48 (1975).

A.J. Sanchez Raya, J.P. Donaire, M. Gomez and A. Leal, Agrochimica, 23, 128 (1979).

D. Boynton, A. Krochmal and J. Konecny, Proc. Am. Soc. Hort. Sci., 57, 1 (1951).

J.C. Cain, Proc. Am. Hort. Sci., 51, 1 (1948).

F.H. Emmert, Foliar Analysis of Apple Trees, I: Effect of Yield and Sample Position, Stors
Agr. Expt. Sta. Rep. 3 (1954).

, Proc. Am. Soc. Hort. Sci., 76, 700 (1959).

F.A. Fawzi, A.H. Firganiy, S.H. Sanad and FK. Baz, Horticult. Abstr., 056, 07358 (1986).
C.G. Forshey, Proc. Am. Soc. Hort. Sci., 83, 212 (1963).

A. Golom and E.E. Goldschmidt, J. Am. Soc. Hort. Sci., 112, 397 (1987).

B. Ljones, Sci. Rep. Agric. Coll. (Norway), 47.42, 1 (1963).

H.H. Moon, C.P. Harley and L.O. Regeimbal, Proc. Am. Soc. Hort. Sci., §9, 61 (1952).

W.A. Roach, General Review of Research Work, 1V: Biochemistry, E. Malling Res. Sta.
Ann. Rept. for 1950, pp. 34-37 (1950).

(Received: 23 October 2004; Accepted: 15 June 2005) AJC-4263



