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Abstract

Differences in pest management of olive orchards may affect the development of olive trees and may be reflected in terms
of absolute and relative asymmetry, mass, and quality of the leaves. Leaf mass and residual leaf mass of olive trees were
significantly greater under organic management than other pest management regimes. The analysis revealed that leaves fron
trees under different pest management regimes differed, a result that may have practical applications.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction leaves of olive trees of the same variety. The use of pes-
ticides to reduce the stress to which plants are exposed
Olive trees have great international importance, (pests, diseases, competition for resources) could in-
both from a social and from an economic point of fluence the phenotypic characteristics of olive leaves.
view (Claridge and Walton, 1992A series of insect ~ As aconsequence, the level of asymmetry of leaves co-
species live at the expense of olive tree, three of which horts treated with chemical products may be expected
are likely to cause permanent economic damage{ to be lower than in untreated cohortsigller and
trocera oleae(Gmelin) (Diptera: Tephritidaelrays Shykoff, 1999. Moreover, leaves under conventional
oleae(Bernard) (Lepidoptera: Plutellidae), aahis- practices could be of a different quality than those
setia oleadqOlivier) (Homoptera: CoccidaeBellido, under organic farming. Phenotypic traits of olive-tree
1975; Campos, 1976; Briales, 1984; Civantos, )R95 leaves could therefore be used as an index to reflect
Different pest management systems have been de-the type of management the crop has been subjected to
veloped for olive orchards. The aim of the present over the last 3 years, the time during which the leaves
work was to ascertain whether different pest manage- completely regeneraté gussert and Brousse, 1980
ment regimes (organic, integrated and conventional)
produced variations in biometric measurements of the
2. Materials and methods
* Corresponding author. Tel434-958-181600; o . )
fax: +34-958-129600. Three irrigated olive orchards of the same variety
E-mail addressfrancisca.ruano@eez.csic.es (F. Ruano). (Picual) situated 20 km north of Granada (Spain), 4 km
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apart and at the same altitude (800 m a.s.l.), were stud- The following variables were measured; leaf mass
ied. Trees in the orchards were 10m apart, on and (Mettler AE 240, 0.1 mg accuracy), thickness at the
between rows. center and at both sides of the central rachis (Mitu-
Orchard 1 was under conventional pest managementtoyo, thickness gauge 547-315, 0.1 mm accuracy),
with three insecticides (two in spring, one in autumn) length up to the petiole, and asymmetry across the
and two herbicides (one in spring, another in autumn) center of the leaf (Digimatic Indicator IDC series
treatments and mineral fertilization. 543 Mitutoyo under a Leica MS5 }J21B binocular
Orchard 2 was under integrated pest management,microscope). Measurements were made twice several
with one insecticide (in July) and one herbicide (in days apart by the same person. Leaves were kept re-
March) treatments and mineral fertilization. frigerated and the following variables were analyzed:
Orchard 3 was under organic pest management andfresh leaf mass, residual leaf mass (i.e., difference
fertilization, without any pesticide application over the between the observed values of leaf mass and the
last 3 years. corresponding fitted values predicted by the regres-
In November 2000, five randomly selected trees in sion line with leaf length), leaf length, absolute and
each olive orchard were sampled. From the north side relative asymmetry (i.e., absolute asymmetry divided
of each tree, secondary branches 30 cm long were col-by the size of the character). All the measurements
lected 1.5 m from the ground. From the central shoot, were highly repeatable”(< 0.001).
25 leaves were removed at random, clipping one of  All variables approaching a normal distribution,
each pair of opposite leaves until reaching the growth parametric tests followingsokal and Rohlf (1995)

zone, which was discarded. were used based on mean values of leaf measurement
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Fig. 1. Differences between pest management regimes expressed in terms of leaf mass (A), residual leaf mass (B), absolute (C), anc
relative asymmetry (D) of the leaves§.E.).
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Fig. 2. Olive trees under three pest management regimes plotted according to two canonical axes based on mass, residual leaf mass
(difference between observed and expected value of leaf mass as predicted by the regression line with leaf length), and relative asymmetry.

per tree to avoid pseudoreplication. When comparing whereas they were lower under conventional pest
leaves from orchards under different pest manage- managementHg. 1C and D). The percentage of
ment regimes a two-factor nested MANOVA was used variance explained by “pest management” was higher
where tree was considered a random factor nested(2.15%) than that explained by the factor “tree” (0%).
within zone. Differences between pest managements The above results suggest that trees under different
were estimated by LSD post-hoc comparisons, all pest management may be distinguished based on mor-
tests being two-tailed. A discriminant analysis using phological characters of the leaves. A discriminant
mean values per tree of the variables described aboveanalysis resulted in two canonical axes (standardized
was used to distinguish between pest managements. coefficients for mass, relative asymmetry, and resid-

3. Results and conclusions

Leaf mass of olive trees was significantly greater
under organic than other management tyeg. (1A),

ual of mass leaf; Root 1 (eigenvalee2.60): —1.09,
—0.78, 0.24; Root 2 (eigenvalue- 0.80): —0.32,
0.15, 1.14) discriminated between pest management
(Wilks’ Lambda: 0.15F¢ 20 = 5.16, P < 0.0024) and
correctly classified all trees except one in the organic
orchard Fig. 2). These results show that using leaf

the factor “pest management” explaining almost twice traits to distinguish between pest management regimes

the variance (21.22%F = 7.58, d.f. = 2,12, P =
0.007) explained by the factor “tree” (13.52%). With

respect to the residual leaf mass, the results were very

similar (effects of factor “pest management: =
5.44,d.f. = 2,12, P = 0.021), with high values for

leaves of olive trees under organic pest management

(Fig. 1B), low values for integrated pest management.

of olive orchards could have practical applications.
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