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ABSTRACT

Alternate bearing is a typical behavior of varidust tree crops and is common among olive culsv@lea
europaeal. var. sativa Hoffm. e Lk.). Since this phenomenon affects yieldd consequently oil
production, it is a concern for olive oil industity order to offer a constant olive oil amount eaelar.
A 4-year field experiment was conducted on cv Cladirolive trees in ‘on’ and ‘off’ years in order &tudy,
under arid conditions, both annual macro-elemelasinoa and net photosynthetic activity. Shoots gnomas
much higher in the ‘off’ year with respect to tlmm* one (+11.70 cm vs. +2.60). Net photosynthestis was
much higher in the ‘off year with respect to then"year and the highest values were observed atgspr
when there is an intense vegetative growth. Diffees for the mineral elements were observed betieen
‘on’ and ‘off’ years. Nitrogen accumulated in leawaainly in spring in the ‘off’ year, whereas highvalues
were detected also at the end of summer in theyear. Consequently, N fertilization can be accashpd in
February—March and possibly after harvest (Noveribecember) to be used at budburst in the successive
season. A difference was found between leaf P adrat®ons in ‘on’ or ‘off’ years from flowering tbuit-set,
with the lowest values in the ‘on’ year, in partanin June—July. A supply of P at autumn—wintedt partial-
ly in spring—summer in particular in an ‘on’ yeaowld be appropriate. K accumulated in leaves in year
from spring to summer, thus a supply of K in JaguBebruary, before new vegetation, for trees eithén’
or ‘off’ year can be necessary for supporting amglementing the root system activity and the sigiges
shoot growth (‘off’ year) and fruit developmenti‘oyear). These results should be useful to partiaduce,
through an appropriate fertilization schedule dlernate bearing in olive tree.

Key words: macronutrients; ‘on’ and ‘off’ year, mineral elemgrfruit load

INTRODUCTION
Olive is an important crop cultivated in arid ancwithstand long periods of drought and survive inyve

semi-arid regions with Mediterranean climatesparse plantings as very large size trees everidn a
[Vossen 2007, Clodoveo et al. 2014]. Olive trees ceand semi arid climates [Famiani et al. 2014]. In re
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cent years, the olive cultivation has been exteridedor between mineral elements and irrigation with
irrigated and fertilized areas with super-intensivtreated wastewater [Bedbabis et al. 2010, Segall et
cropping systems [Camposeo and Godini 2012011, Bedbabis et al. 2014 a,] in ‘Chemlali’ and
Godini et al. 2011]. Many olive cultivars are chara ‘Barnea’ and between mineral elements and tree age
terized by alternate bearing which can be consitler[Bedbabis et al. 2016]. Some authors investigaied t
a homeostatic mechanism of individual trees to baeffects of application of olive mill and municipal
ance between reproductive efforts and survival rwastewater on soil chemical properties, yield
quirements for vegetative growth [Goldschmid[Bedbabis et al. 2014 b, 2015] and photosynthetic
2005]. The year of high fruit load is defined ag’;,o0 activity [Mechri et al. 2011, Ben Ahmed et al. 2012
while the year with low fruit load is defined adf'o  Unfortunately, no information are available abdé t
The developing seeds of olive are known to inhibeffect of alternate bearing on nutrients conceiotnat
summer vegetative growth and to prevent floral irin leaves and stems or even on photosyntheticiactiv
duction in existing buds [Lavee 2006]; thereforety of olive trees in arid conditions. This should b
after an ‘on’ year, trees lack sufficient floraldsufor crucial from an agronomic point of view for thetfer
the consequent reproductive cycle [Dag et al. 201(ization management of cultivars with high altemat
The alternate bearing causes wide yield fluctuatiorbearing.
with consequent price variability in the olive oilr- The aim of the present 4-year trial was to study
ket [Mili 2006]. In a more sustainable system, ththe effect of fruit load due to ‘on’ and ‘off’ yedoth
goal should be to minimize alternate bearing bypkeeon the annual macro-nutrient balance and net photo-
ing constant and satisfactory yields while reducinsynthetic activity in a ‘Chemlali’ olive grove irrader
inputs (water, fertilizers, fuel, etc.). In mostsea, to reduce, through an appropriate fertilizationesth
intensification of olive cultivation considerablg-r ule, the alternate bearing.
duced alternate bearing [Moriana et al. 2003, Conno
and F_ereres 2905, Theorls_ 2009, Carl_Jso _et aI: ZOTIJI:ATERIAL AND METHODS
but with more inputs. Pruning, harvesting timefifer
lization and irrigation may help together in reahgi
alternate bearing [Bouaziz 1995, Marschner 199Study area
Bustan et al. 2013, Camposeo et al. 2013, Vivaldi e The olive grove was located in Sfax (34°43N,
al. 2015]. In particular, an appropriate manageme10°4lE) in Central-Eastern Tunisia, a region with
of the fertilization revealed to be a powerful taol an average annual rainfall of about 200 mm and
partially overcome this problem [Fernandez-Escob@ mean annual temperature of 18.6°C. The study
et al. 1999, Soing 1999, Inglese et al. 2002]. was carried out from 2002 to 2005 on 14-year old
In general, a rational fertilization schedule is in‘Chemlali’ olive trees Qlea europzed.. var. sativa
fluenced by many factors such as cultivar, soil arHoffm. e Lk.) spaced 4.0 x 4.0 m. A randomized
climatic conditions and whether trees are in ari ‘orblock design with two blocks was used. Each block
or ‘off’ year. The developing olive fruits eitheer consisted of 15 trees (3 repetitions of 5 treedipac
quire a continuous supply of photosyntates or mainerAll the selected trees were characterized by the
elements [Proietti et al. 1999], in competition lwit same bearing condition, with two ‘on’ years (2002
leaves and stems. In the ‘on’ year, reserves storedand 2004) and two ‘off’ years (2003 and 2005).
other tissues or organs are mobilized towards tiThe grove received each year mature compost
flowers for the production of a large amount ofi@ol (30 tons/hectare) and was drip irrigated with four
grains necessary for the pollination process [Pcdrip nozzles (two per side) set in a line along the
1979, Ferrara et al. 2007, Mazzeo et al. 2014]. rows (at 0.5 m from the trunk). The seasonal iriga
Recent papers have studied the interactions ktion volume was around 500 mm.
tween mineral elements and yield [Bustan et al3P01
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Soil characteristics Photosynthesis measurement

Soil samples were collected at 0-180 cm depth The measurements of net photosynthetic rate (Pn)
(six layers of 30 cm each), air-dried at room terape were carried out on fully expanded leaves selected
ture, crushed to pass a 2-mm sieve, and mixed thfrom the middle part of the shoots. Pn was measured
oughly for analyses. Soil texture was determinepn well-exposed ten leaves per tree from five trees
using the_ pipette method according to the r_nethedolper replicate from 10:00 to 13:00 pm following the
gy described by Gee and Or [2002]. Soil pH Wamethod reported by Camposeo and Vivaldi [2011],

determined with a pH meter (420A, Orient) in WateLJsing a portable gas exchange system (Li-COR 6200,

(PHH0) and in 0.01M CaGl (pHcacy,). Soil/water Inc., Lincoln, Nebraska USA).

ratio of the suspensions was 1:2.5 (w/v). The soll

textural class was determined at the beginnindi@f t gyatistical analysis

trial (January 2002) according to the USDA soil-tex  giatistical analysis was conducted by one-way

ture classification. ANOVA using the program SPSS 10 statistical soft-

So_ll salinity was assessed by determination ‘Ware (SPSS Inc., Chicago, IL, USA). LSD test
electrical conductivity (EC) at 25°C on a saturate(F,Solo5 and P< 0.01) was used to separate the
paste using a conductivity meter (MC 226). SOimean values.
organic carbon was measured with a Shimadzu
TOC-5000 Analyzer, nitrogen (N) was measureEESUL_l_S
with the Kjeldhal method and potassium (K)
was determined on ammonium acetate soil ey- L.
tract [Richards 1954] using a JENWAY flame phoS0il characteristics _ B
tometer. Phosphorous (P) was determined by the SOil Of the experimental site was classified as
vanado-molybdate colorimetric procedure Witrrsandy soil according to USDA classification (tah. 1

a JENWAY 6405 UV/ Vis Spectrophotometer (Mi-The average pH values ranged from 7.50 to 8.20. The

lan, Italy). Ca content was measured with an ator@verage EC values ranged from 0.23 to 3.74 dS m

ic absorption spectrophotometer (A Analyst pochowever, EC vaIu_es remained belqw the _sallnlty

PerkinElmer). thr_esho_ld (4.00 dS ). The concentra};uon of Kiin the
soil varied between 380 and 740 mg kgith a max-

. imum of 740 mg kgdat a depth of 80 cm, probably

Vegetative growth caused by salt leaching. Organic matter was 1.7% at

Vegetative growth was determined on 8 tagg€he ypper layer (because of the compost application
shoots per tree. Shoots were sampled in the faur ¢, 4< 194 at the bottom layers (tab. 1).

dinal directions, 4 in the outer canopy and 4 ia th
inner canopy. Shoots length was determined periO(\')egetative growth

cally each month. Vegetative growth was significantly higher in trees
in ‘off’ year (from 15.8 up to 27.5 cm) with respeoc
Mineral analysis of leaves and shoots trees in ‘on’ year (from 26.1 up to 28.7) from spgri

Fully developed leaves were taken from the micup to autumn (tab. 2). During the winter (rest qd;
dle portion of the current year shoots both indhe the vegetative growth was weak in trees both i ‘on
er and inner canopy in the four cardinal directionand ‘off' year because of low metabolic processes;
(8 shoots per tree). They were collected once pwhereas, from March to June growth was higher for
month, put in paper bags and stored in a portakthe trees in the ‘off’ year (2.90 cm) with resptxthe
cooler to be carried to the laboratory. Succesgiveltrees in the ‘on’ year (0.70 cm). If we considee th
stems and leaves were dried in an oven (60°C) urperiod from January up to November, the shootkén t
constant weight and analyzed according to the met'on’ year had a growth of 2.60 cm whereas the shoot
od described by Pauwels et al. [1992]. in the ‘off year of 11.70 cm (tab. 2).
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Table 1. Some physical and chemical characteristics of ¢hiérsthe experimental olive grove

Depth (cm)
Parameter
0-30 30-60 60-90 90-120 120-150
Clay (g kg') 55 50 65 70 75
Silt (g kg?) 50 20 45 55 60
Sand (g kg) 895 930 890 875 865
pH 7.50 7.55 7.52 8.00 8.20

EC (dS n) 0.23 0.30 2.35 3.68 3.74

N (g kg}) 10.50 5.00 3.30 3.80 3.10
K (mg kg?) 480 380 740 460 420
P (mg kg') 40 35 40 25 15
OM (g kg% 16.90 11.00 10.00 10.00 6.60

Abbreviations: N — nitrogen, K — potassium, P —gtmrus, EC — electrical conductivity, OM — orgamiatter

Table 2. Shoot length (cm) in ‘on’ and ‘off’ year (mean vafuof two years)

January February March May June August September oveiber

on’ 26.1 0.2 26.3+2.0 26.8+1.1 27.3 0.5 276% 279+1.1 28.2+1.2 28.7+1.2

‘off’ 15.8 +0.3 159+1.1 16.5 +3.3 19.3+7.5 1923 20.0#1.3 23.2+1.3 275+%1.4

Data represent the mean values of three repetitisreach month and each year

Seasonal changes in the mineral composition mer (July—August) in the ‘off' year. In the stems,
of leaves and stems N concentration ranged from 0.46 to 2.00%, with
Leaf N concentrations varied between 1.12 ara significant peak in September for trees botloffi *
2.92% of dry matter (d.m.) in the four years (t8p. and ‘on’ year, and a decline to lower contentslunti
In particular, in the ‘on’ year the N concentratiorFebruary, with no differences between ‘on’ and’off

reached the highest values at March, September eyears (tab. 4).

October, with a range of 2.60-2.92% in 2002 and Leaf P concentrations ranged from 0.02 to 0.16%
1.84-2.20% in 2004. In the ‘off year, the highes(tab. 3). As observed for nitrogen, P concentraiion
values of N ¥ 2.20%) were measured at spring, ifleaves in the ‘on’ year reached the highest values
March and April. The lowest N concentration wa(0.09-0.11%) in spring and autumn (tab. 3), whereas
found at spring (April) in the ‘on’ year and in sum in the ‘off’ year values up to 0.14-0.16% were meas
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ured only in one period, at April-May. In the stemend of summer and dropped in December—January in
(tab. 4), P concentration varied from 0.03 to 0.14%both the ‘on’ and ‘off’ year.
with the highest values at autumn in both ‘on’ and Leaf Ca concentrations found in trees in ‘on’ and
‘off’ year and the lowest ones in summer. ‘off year were generally higher than the limit of
The mean K values in leaves ranged between 0.sufficiency (1%) reported for olive (tab. 3) [Fema
and 1.47% (tab. 3). K accumulated mainly frondez-Escobar et al. 2009]. Ca in leaves was higheat
spring to summer with values1%. The lowest val- end of summer (August) in the ‘on’ year and low at
ues in both years were measured in January (0.4May, whereas in the ‘off' year the highest values
0.97%). In the stems, K levels ranged from 0.45 1(2.86—-2.92%) were measured in June—August and
1.40% and from 0.70 to 1.60%, in ‘on’ and ‘off yea the lowest values in spring (< 2.0%). Stem Ca con-
respectively (tab. 4). K concentration increasethat centration varied between 0.40 and 1.99% (tab. 4)

Table 3. Leaf N, P, K and Ca contents in ‘on’ (2002 and 204 ‘off’ (2003 and 2005) years

Element Year J F M A M J J A S O N D

on(2002) 2.3 1.9¢ 260 150 218 170 168 165 292 270 220 1.80
off 2003) 2.38 1.7°¢ 260 250 200 153 132 133 24¢F 230 191 150
N on(2004) 176 158 220 117 18 1.7¢ 165 165 184 210 16CF 158
off (2005) 2.0 161 234 222 168 152 13F 139 166 166 1572 147

Slg * * ns *%k * * * * *% * * *

on(2002) 0.1® 0.12 0.16¢ 0.1Ff 0.1¢ 0068 009 0.09 0.1¢ 0.1F 012 0.1¢
off (2003) 0.1% 0.1 o012 01% 0.16 007 007 0.05 01¢ 012 01 01C
P on(2004) 0.1 0.12 0.1F 0.07 0.098 0.0 0.0 0.08° 0.08¢ 0.07 0.09 0.08
off (2005) 0.08 0.1¢ 0.09 0.14 0.18 0.07 0.08° 0.0 007 0.08° 01¢ 0.09

Sig ns ns ns ns * ns ns * ns ns ns ns

on(2002) 05% 075 08% 099 095 050 0.6 060 024 050 057 0.78
off (2003) 0.4f 071 08¢ 102 124 127 122 102 1089 09 086 0.73
K on (2004) 097 1.15¢ 079 077 132 10Z 127 127 110 128 130 147
off 2005) 0.4¥ 0.68 0.85 119 117 119 12% 117 097 095 09 077
Sig x ns ns ns x - x - - x x ns
on (2002) 1.62 149" 133 179 082 2200 204 28F 20F 269 218 239
off (2003) 237 238 123 188 06F 286 286 297 156 199 203 203
Ca on(2004) 199 190 1.8% 214 112 25P 176 28F 23¢ 237 195 20
off (2005) 1.76 195 282 178 209 286 2868 297 201 220 242 188

Slg *% *% * * * * * ns * *% * *

Data represents the mean value of three replicationeach month. Small letters indicate signiftcdifferences (P< 0.05)
among months for each year according to LSD testerfsks indicate significant differences amongydar each month. Signi-
ficant at P<0.05 (*), P< 0.01 (**) and non significant (NS)
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with different trend with respect to leaf coneant (Apri—May). In general, values > 38nol CO, m” s*
tion, the highest values measured from February were detected in the ‘off’ year, when the Pn values
March (1.37-1.99%) and the lowest in May (‘off' were significantly higher than in ‘on’ year.
year) and August—September (‘on’ year).
DISCUSSION

NET photosynthetic rate

The net photosynthetic rate measured in trees Soil characteristics
‘on’ and ‘off’ year is reported in Figure 1. Theghiest The pH values were within the range (7.00-8.50)
values of photosynthesis were noticed during sprirfor olive tree development [Gargouri 1998]. Thel soi
period in both ‘on’ and ‘off' year, coinciding witthe presented a good N content at 0—-30 cm of depth
intense vegetative growth phase of the olive tre(tab. 1), probably due to either N fertilizationifme+

Table 4. Stem N, P, K and Ca contents in ‘on’ (2002 and 2@0w) ‘off’ (2003 and 2005) years

Element Year J F M A M J J A S (0] N D
on(2002) 136 110 16¢ 140 130 100 110 16¢ 1.9¢ 120 120 1.10
off (2003) 156 090 1406 13¢ 1260 098 106 100 2.0¢ 130 130" 1.50
N on (2004) 0.46 049" 054 069 062 056 057 06F 08F 050 048 0.46
off (2005) 1.52 1.0F 154 1.48° 118 098 1.06 128 165 123 118 147

Sig ns ns * ns ns ns ns * ns ns ns *

on(2002) 0.11 0.09° 0.0 0.1¢ 01F 006 0.05 009> 0.08 0.12 008 0.1C

off 2003) 0.04 0.04 0.09° 0.08 014 0.07 0.0 005 0.08 010 01 0.08

= on (2004) 0.12 0.12 0.1F 0.03 005 0.06° 0.05 0.09° 0.07 0.1¢ 0.1¢ 0.03
off (2005) 0.05 0.03 0.03 007 0.06 0.07° 0.07 005 0.07° 010 0.1¢ 0.08°

Sig * ns ns ns * ns ns * ns ns * *
on(2002) 0541 1.1¢" 1.20°¢ 118 110 1.02 122 127 140 100 092 0.85

off (2003) 0.86 1.10 098 1.1 159 1.02°® 1.07 147 158 149 0.97 0.7¢

K on(2004) 052 0.8 097 097 1.258° 1.0F 1.22° 127 136 119 110 045
off (2005) 0.82 095 087 117 158 1.02 107 147 116G 157 087 0.79

Sig * ns * ns * ns * * * * ns ns
on(2002) 0.80 1.4¢' 1.8¢ 140 13¢ 162 149 059 050 150 1.3C¢ 1.40
off (2003) 1.16 19¢ 160¢ 14C 040 108 108 14rF 140 130 130 1.1C

Ca on (2004) 1.00 137 18F 132 120 170 136 065 059 135 147 1.39
off 2005) 0.78 199 160¢ 13% 037 085 082 14r 138 136 13§ 0.78

Slg * * * ns ns * * *% *% ns ns *

Data represents the mean value of three replication each month. Small letters indicate significdiiferences (p< 0.05)
among months for each year according to LSD testerfsks indicate significant differences betweearg for each month.
Significant at p< 0.05 (*), p< 0.01 (**) and non significant (ns)
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Fig. 1. Net photosynthetic rate (Pimnol CO, m? s in ‘on’ (square) and ‘off years (triangle). Datpre-
sent mean values of two years. Bars indicate stereteor

ral nitrogen) or organic matter mineralization (ovat [Segal et al. 2011, Bustan et al. 2013] for ‘Batnea
compost), whereas at the bottom layers N conteand ‘Leccino’, probably because of the cultivare ag
resulted poor. The content of P resulted adequzof the trees and soil characteristics. However, the
for olive tree growth and development in the layehigh values measured in March and September can
where the root system is generally more abundabe explained by the uptake occurring in stems-lgave
The lower level of salinity registered at a soiwhich are strong sinks at that time of the vegetati
depth of 0-0.30 m, in comparison with the layer cseason. Nitrogen will be used for shoot growthf{(‘of
1.20-1.30 m, suggested that salts were transporlyear) and fruit development (‘on’ year). Leaf N eon
and accumulated at deeper layers as a consequienccentration in trees in ‘on’ year is low during suemn

the soil texture, i.e., a sandy soil. when the element is used by the growing fruits, as
previously reported by several studies [Jorado and
Vegetative growth Lietao 1990, Fernandez-Escobar et al. 2004]. Fernan

The lower growth of shoots in the ‘on’ years withdez-Escobar et al. [2011] indicated that during the
respect to that in ‘off’ years was the consequesfce ‘on’ year, most of N (more than 60%) was accumu-
the more abundant fruit load, since fruits comgete lated in the fruit at the end of the year, indicgtthat
resources and limit the growth of the shoots [Ra&tto the fruit is the most powerful sink for this elemen
al. 1998, Fernandez-Escobar et al. 1999]. Lave@5P0 and our results showed a significant reduction of N
reported that, during an ‘on’ year, the develogin@s both in leaves and stems at that time of the season
usually restrain the vegetative growth until hatvesThe N contents showed significant seasonal tremds i
In the ‘on’ year, photosynthates are allocated td&/a all the years. At autumn, high N concentrations in
a stronger sink, the fruits, and therefore the gnow#  |eaves in ‘on’ and ‘off year were measured, with
the shoots resulted more limited as also obsemed general higher N concentration in leaves of trees i

our trial (tab. 2). ‘on’ year (tab. 3). Fernandez-Escobar et al. [2004]
reported that leaf N concentration increased iastre

Seasonal changes in the mineral composition in ‘off’ year at autumn and were steady during win-

of leaves and shoots ter. Trees in ‘off year showed a decrease of leaf

The mean N values detected in this 4-year trilN concentration in June—August (tab. 3), probably
were higher than values reported by other authcbecause the demand of N for shoots growth still oc-
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curring at this period, whereas this reduction wewinter could better sustain the growth of reprohact
more limited for the trees in the ‘on’ year (tab). 2 structures that can reduce the alternate bearihg. T
Vegetative growth and flower formation may causamount and time of P application should be adjusted
a decrease of leaf N concentration at this petiocks to the expected fruit load each year [Bustan et al.
N is required by these two strong sinks [Bouatlet €2013], so a larger amount when a higher fruit lzad
1964, Brahem 1997, Fernandez-Escobar et al. 199expected (‘on’ year) and a lower amount in the'‘off
Consequently, N application is suggested to suppcyear. Such adjustments would carefully consider
an adequate vegetative growth and tree balance wlocal constraints of P uptake [Dag et al. 2009],
application of organic and/or mineral N fertilizeas P remobilization [Schachtman et al. 1998, Vance et
spring to allow a good absorption of the element. al. 2003, Lynch and Ho 2005], and the metabolic
According to Fernandez-Escobar et al. [2004consequences of P that are unique to oil-producing
N stored in leaves (and permanent organs) duriag tspecies [Chesworth et al. 1998] such as olive.
‘off’ year is mobilized at the beginning of the By Potassium concentrations were similar to those
of the next (‘on’ year) to support the new growthreported by Gargouri [1998] in the same cultivar
N application at autumn can be recommended for tigrown in Enfidha (central Tunisia). In Spain, Ferna
storage of nitrogen to be used at budburst. On tidez-Escobar et al. [1999] reported value limit exfl
basis of these results, in the ‘on’ year N feritibn K concentration in olive from 0.40 to 0.80%. At-ip
can be accomplished in February—March until pening, 60% of the total K was found in the fruidan
hardening [Morales-Sillero et al. 2008], and pdygsib then remained steady until the time of harvest geav
after harvest (November-December) to be used in t1997]. From a practical approach, a supplement of
successive season. During an ‘off’ year, an autunK at the beginning of summer in ‘on’ year can be
and/or spring application of N would be appropriatnecessary for fruit growth and subsequent oil biesy
to stimulate a good vegetative growth for the pmduthesis. However, Erel et al. [2011] showed that in-
tion in the successive year. The higher leaf N eanc creased K availability had no effect on fruit-setla
tration reported at autumn (tab. 3) in trees in’ ‘orfruit number or yield in bearing olive trees. Moreo
year compared to trees in ‘off’ year indicated taoni  ver, Dag et al. [2009] demonstrated a wide range of
gen accumulation after the harvest for the suceessiK levels in fruit flesh (1.50-3.50%), with no sifjni
vegetative growth (‘off’ year). This suggests Ntifer cant influence on any measured parameter of ollve o
lization at that time of the season to preparestfee quality. The concentration of K was higher and kgtab
the ‘off’ year, when larger amounts of N are necesn ‘off' year during the summer, as compared to’ ‘on
sary to sustain the growth of the shoots. year concentration, probably because a lesser mobil
With regards of P, our values were generallzation towards fruits occurred. The leaf K concantr
higher than those reported by Brahem and Metltion in summer was even higher than the threshold
[1997] (0.05 to 0.074%) and Gargouri [1998] (0.06 tvalues of 0.70-0.80% considered as adequate [Free-
0.08%) on the same cultivar, but in these latter rman et al. 2005, Theoris 2009] in trees in ‘offaye
searches trees were not irrigated and fertilized aindicating that K supply was not necessary. In the
soil characteristics were different. High valuesPof ‘on’ year, a reduction of K concentration was proba
were measured in leaves and stems in spring wibly the consequence of the transport of this elémen
a reduction to lower levels in summer in treesdthb towards the fruits for oil synthesis. At the end of
‘on’ and ‘off year, as also reported by Fernadndezsummer, newly grown leaves and stems become the
-Escobar et al. [1999]. Our data confirmed thaivflo main substitute sink for K, and they subsequently
ering, fruit-set and fruit growth require more Ruth turn to be the major source of this mineral with
vegetative activity and this element is mobilizeai a consequent decrease of K during autumn-winter in
leaves to flowers and fruitlets in the ‘on’ yearmmo trees in ‘off year (tabs 3 and 4). The root system
than towards shoots in the ‘off’ year. A supply ofactivity that precedes vegetative growth may be als
P either for trees in ‘on’ and ‘off’ year at autumn the cause of the decline of leaf K concentratiothiat
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time [Lavee 1997]. Indeed, Ben Rouina et al. [199¢metabolic processes reinforced by ‘low’ temperature
showed that the formation and the extension of ttvalues (< 12°C) and by the stomata closure for high
long-haired roots seemed to mobilize an importatemperatures (accentuated by climatic conditiorts an
quantity of K. Our results are also similar to thoslower water content in olive leaves). These resariés
reported in pistachio trees by Rosecrance et in accordance with Tombesi et al. [1986] and Chart-
[1998], who reported a rapid decline of K in lefiea zoulakis et al. [1999] for Leccino and Koroneiki
harvest as consequence of K translocation frocultivars. In both ‘off and ‘on’ year, a significh
leaves to other (permanent) organs like trunk ardecrease of Pn activity was reported in Novemlper, i
roots for winter storage. A supply of K in January-agreement with a previous study [Chartzoulakid.et a
—February, before new vegetation, for trees in ‘0r1999]. The reduction of Pn was more evident in
and ‘off’ year can be necessary for supporting arsummer in the ‘on’ year with respect to the ‘offar.
implementing the root system activity and the ssece

sive shoot growth (‘off’ year) and fruit developnien CONCLUSION

(‘on’ year).

Values of Ca were higher in leaves of rees in on the basis of our results, in the ‘on’ year N fer
‘off’ year than in trees in ‘on’ year and were sini tijization can be accomplished in February—March
to those reported by Gargouri [1998] for the sam5_goos), another application at the beginning of
cultivar. Leaf Ca concentration reached low valines spring (10-30%) and possibly after harvest (Novem-
May (tab. 3) probably because of the high demand pe_pecember) in a limited amount (20-30%) to be
Ca for flowering, fruit-set and growth processes iysed at budburst in the successive season. During a
trees in ‘on’ year and for the vegetative growth ik year, an autumn and/or spring application of

trees in ‘off’ year. In particular, arabinan rice@ic  \qu1d be appropriate to sustain a good vegetative
polysacgharldes are one of f[he main classes of poéfovvth. Our data confirmed that flowering, fruit-se
saccharlde_s dgtecte_d in olive pulp cgll walls aNand fruit growth (‘on’ year) require more P than
galacturonic acid residues (GalA) can bind to cetti vegetative activity, thus indicating a supply ofaP

ions allowing the pectic polysaccharide chains téutumn—winter and partially in spring—summer in

assemble by calcium bridges [Ferreira et al. 200€:

+ - particular in an ‘on’ year. A supply of K in Janyar
The C&"-GalA complexes are commonly found mp S o cer
the middle lamella, playing an important role irl-ce February for tree_s in ‘on’ and off’ year can bech
cell adhesion and cohesion [Ferreira et al. 200 essary for supporting the root system activity e
Highest values were measured in summeé (Jun_successive shoot growth (‘off’ year) and fruit deve
—August) probably because a lower mobility of Ca Emeent (on’ year). Another application of K in

that time (reduced xylem functionality); in generalsIoring would be necessary for trees in ‘on’ yearr O
a high concentration of Ca is measured in green (data of the 4-year trial could be very useful tuee

ives (stage I) and lower values in ripening ancalola alt_ernate t_)(_earl_n g in olive trees by me‘f"”s of ama@pp
olives [Ferreira et al. 2006]. priate fertilization management. Nutrients would be

applied to olive trees when required, taking inte a

count if trees are in ‘on’ or ‘off’ year.
NET photosynthetic rate y

Photosynthesis values were higher in ‘off’ year
than in ‘on’ one, when the trees are more prorte¢éo REFERENCES
vegetative activity. The reduction of net photosyn-
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