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ABSTRACT KEYWORDS
In order to optimize the distance between annual crops and olive tree Intercropping system;
(Olea europaea) in rainfed intercropping system in northern Morocco, Olive tree;

vegetative growth and yield in associations based on olive-wheat (Triti-
cum aestivum), olive-faba bean (Vicia faba) and olive-coriander
(Coriandrum sativum) were evaluated at two sowing distances of crops:
close to the olive trunk and from the limit of olive tree canopy. The re-
sults showed that vegetative growth and yield of olive tree were reduced
by sowing wheat even from the canopy limit. In contrast, faba bean in-
duced an improvement of olive production at the two tested sowing dis-
tances. However, coriander had no effect on olive tree whether sown be-
low or outside the tree canopy. The annual crops were unproductive be-
low the olive canopy and their production remained negatively affected
outside the canopy until the limit of shading effect for faba bean and
coriander and beyond this limit for wheat. We concluded that the sowing
distance of crops associated with olive tree should be adjusted to mini-
mize interspecific competition that concerns mainly light for crops cul-
tivated during the olive dormancy period, such as faba bean and corian-
der. However, it concerns in addition the soil moisture and the nutrients
for crops grown during the olive growing period, such as wheat.
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INTRODUCTION

Several studiescarried out in North Americaand
Europe demonstrated the benefits of intercropping
systems (ICS), both in terms of productivity as for
their environmental benefitd® 2. In this system, tree
growth isimproved as aresult of the stimulation of
soil microbia biomassand mineralization of organic
nitrogen by intercropping and through the recovery
of a significant proportion of fertilizer residues

vested for the associated crops® 4. In some situa-
tions, depressive effects on tree growth were ob-
served that reside mainly in competition for water
during the active periods of tree growth®. Regard-
ing the associated crops, usually they are subjected
to the competition exerted by trees for light, water
and soil minerals, especially in the areas surround-
ing trees canopy'®. However, these negative inter-
actions are avoided when the associated crops and
planting distances are well chosen,
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Trees shading does not every time cause a re-
ductioninyield of the associated crops. Indeed, Lin
et al.® observed that fescue plant produces more
biomasswith higher protein content under luminance
intensity of 50%. Also, Clinch et al.’® observed an
improvement in vegetative growth and yield of wil-
low plant under moderate shading of various tree
species. However, for the majority of associated
plants, the effect of shading depends on the spacing
between trees and associated crops. Studies carried
out in France has shown that the best compromise
between the trees and the associated cropsis often
obtained with aspacing of 25to 35 mfor treeswith
aheight of 15to 20 m@,

In Morocco, the ICS based on olivetree and an-
nual crops dates back to antiquity, both in rainfed
and irrigated areas'?. Diagnostic studies carried in
Moroccan revesl ed that about 75% of olive orchards
are associated with annual crops, especially wheat
and barley, food legumes such as faba bean,
chickpea, pea and lentil, aromatic and medicinal
plants such as coriander and fenugreek, and vegetable
cropsin irrigated orchards, especially potatoes and
oniont, Inthissystem, annual cropsand olivetrees
sharethe same plot for 15to 20 years until thetrees
shading inhibitsgrowth of the annual crops. In some
cases, where the distances between the rows of ol-
ivetreeare high, trees shading is not alimiting fac-
tor; the intercropping then generally maintained
throughout thelife of the olive orchard.

Although thissystemisancient in Morocco, there
are no extensive studies under local conditions that
could evaluate current practices and identify the best
management optionsfor annual crops, aswell astheir
potential benefits or disadvantages on tree stratum
and vice versa, although the adoption by farmers of
thissystemisaproof of its performance. Thiswork
isacontribution for development of this system that
aimed toidentify optimal distances between theadult
olive trees and the associated annual crops under
rainfed conditionsin northern Morocco.

MATERIALSAND METHODS

Sudied associationsand experimental design

The trials were carried out in four rainfed olive
orchards planted on slight slope (about 20%) lo-

cated in northern Morocco. Theorchardsare planted
at a density of 100 trees/ha (10x10 m) where the
treesare old than 30 years with an average of height
of 7 m and adiameter of 4 m. In each orchard were
cultivated ininter-rows space the bread wheat (Triti-
cum aestivum), faba bean (Micia faba) and corian-
der (Coriandrum sativum) which represent the most
annual cropscultivatedinintercropping systemwith
olive tree in the study area. The experimental de-
sign wasestablished not only to optimizethe spatial
soil occupation for the association olive trees - an-
nual cropsbut also to demonstrate the advantages of
impluviums around the olive treesin intercropping
system. Thus a compl etely randomized design with
three replications was established in each experi-
mental orchard with two variable factors: the dis-
tance between olive trees and annual crops and the
presence or absence of the impluviums. The treat-
ments compared were:

T1: Cultivation of the annual crops until below
the olive trees canopy close to trunk, which consti-
tutes the mainly intercropping system practiced by
farmers.

T2: Cultivation of theannua cropsfromthelimit
of olive tree canopy.

T3: Cultivation of annual cropsinthe sameway
as for the treatment T2 with placement of the
impluviums around the olive trees at their canopy
limit.

Faba bean and coriander were sown and har-
vested during the dormancy period of olivetree (Fig-
ure 1). Wheat was sown also during the dormancy
period of olive tree at the end of November, but it
was harvested in mid-June after the growth depar-
ture of shoot and fruit of olivetree. Thetested inter-
cropping systems were conducted following the
usua practicesby farmerswhich concern exclusively
the annual crops, while no cultural practice is ap-
plied for olive tree.

Thetested intercropping systemswere conducted
following the usual practices of farmerswhich con-
cern exclusively the annual crops, while no cultural
practiceis applied for olive tree. The monthly rain-
fall recorded inthe experimental siteispresentedin
Figure 2 where it is shown that rainfall deficit is
more marked between April and August.

M easurements
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Figure 2 : Monthly rainfall recorded during the year of the experimentation in the study region

On olive tree, the measurements concerned the
annual shoot elongation, leaf area, yield level and
the physiological indicators of water and nutritional
status of the trees: stomatal conductance, relative
water content, |eaf temperature and chlorophyll con-
tent. Theseindicatorswere measured during thefast
growing of shoots at mid-June. The stomatal con-
ductance was measured at midday on ten leaves per
replication chosen from shoots extremity (4" and 5"
leaf) using aleaf porometer. On the selected leaves
for measuring stomatal conductance, was measured
theleaf temperature by an infrared thermometer and
the chlorophyll index using a SPAD chlorophyll-
meter. At the same time, twenty developed leaves
per replication were taken from shoots extremity to
measuretherelative water content (RWC). Thispa-
rameter was determined following the formula of
Turner(*:

FW - DW
x 100

RWC -
SW - DW
Where FW, DW and SW respectively designate

fresh, dry and saturation weights of leaf sample.
Leaves were saturated by placing their petioles in
contact with water in boxes papered inside with wet
filter paper for 24 hoursin arefrigerator set at 5 °C
and they were dried in an oven at 105 °C for 48
hours.

Ontheannual crops, bread wheat, coriander and
fababean, the measurements concerned plant height,
biomass and yield below the canopy of olive tree
and at different distances from the canopy limit: O
m, 1.5 m and 3 m. Themeasurementswere a so per-
formed on other olive orchards in the study region,
other than the experimental orchards, to establish a
relationship between the optimal distance for sow-
ing annual crops and olive tree vigor.

Satistical analysis

Data were analyzed by variance analysis
(ANOVA) using the SPSS software (version 17.0).
M eans were compared using student’s test to evalu-
ate the behavior of olive tree and annual crops un-
der thetested treatments.
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RESULTSAND DI SCUSSION

Olivetree growth

Vegetative growth of olive tree varied signifi-
cantly according to the tested intercropping systems.
In Association with bread wheat, olive tree devel-
oped alesser number of shoots under the all tested
treatments compared to trees cultivated in monocul -
ture. Shoot length and leaf areaof olivetreearealso
affected negatively when it was associated to wheat.
When it was cultivated below tree canopy (treat-
ment T1), wheat exert a severe competition which
reduced shoot length and leaf area of olive treere-
spectively by 40% and 28% comparatively to olive
tree growing in monoculture (Figures 3 and 4). The
depressive effects induced by wheat on vegetative
growth of olive tree are mainly due to the competi-
tion for soil moisture and nutrients during the criti-
cal period of olive shootsgrowth. Inthe study region,
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this period occurs during Jun€*® that overlaps with
thefind filling of whesat grainsand their maturation*4.,
Although the water and nutrient absorption of wheat
islow during this period™, this crop induced an ac-
centuation of water and nutrient stress on olive tree
which was considerable because it overlapped with
arapid shoots growth. In addition, the rainfall was
low during the overlapping period between olivetrees
and wheat, thereby making the olive tree sensitive
to a dight competition for water and nutrients. In
fact, several studies indicated that water stress oc-
curring during the rapid shoots growth of olive tree
induce a significant reduction on shoots growth ki-
netic, thereby affecting their final lengthl6:17,
Thiscompetition remained significant even when
wheat was cultivated since the limit of the tree
canopy (treatment T2), that reduced olive shoots
length and |eaf area by an average of 20%. Thisre-
sult indicatesthat theroot system of olivetree cover
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The values marked by the same letters are statistically equal, T1: annual crops sown below tree canopy; T2: annual crops sown
from the limit of tree canopy; T3: annual crops sown from the limit of tree canopy with impluviums placed around trees

Figure 3 : Shoot elongation of olive tree grown in intercropping systems with different annual crops under rainfed

conditions
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Figure 4 : Leaf area of olive tree grown in intercropping systems with different annual crops under rainfed condi-

tions
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an areaexceeding thelimit of thetree canopy thereby
making them partially submitted to the competition
exerted by wheat for water and nutrient reserves. In
fact, previous studies indicate that the root system
of olivetree grows horizontally to beyond the canopy
limit, especialy under rainfed conditions where may
cover an area of 20 m? for ayoung plantsto 500 m?
for an adult trees*®. However, the placement of the
impluviumsaround the olivetreeat thislimit (treat-
ment T3) attenuated the competitive effect exerted
by wheat by an average of 50%. The favorable ef-
fect of the impluviumsis not related to an attenua-
tion of theinteraction between wheat and olivetree,
but rather to an improvement in water and nutrient
reserves of soill*¥, The depressive effect of wheat
on the vegetative growth of the olive tree may be
also linked to the liberation of ethylene from wheat
grains, which is known for its inhibitory effect on
stem elongation in most plant species?.
Besidesthat, the association with coriander had
neither depressive nor positive effects on vegeta-
tive growth of olive tree under the all treatments.
Thisis could be explained by the fact that this crop
has not overlapped with olive vegetative growth.
Thegrowth cycle of thiscrop was completed during
the olive dormancy and it was harvested at the end
of March, two months prior the vegetative depar-
ture of the olive tree. Also, faba bean completed its
growth cycle during the olive dormancy and it was
harvested at the end of April, one month prior the
olive vegetative departure. But in contrast to the as-
sociation with coriander, the association with faba
bean improved vegetative growth of olive, particu-
larly when it was cultivated below the tree canopy.

0
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At this sowing distance, faba bean induced an im-
provement of shoot length and leaf areaof olivetree
respectively by 30% and 22%. The positive effect
of faba bean on vegetative growth of olive tree re-
mained considerable even when it was cultivated
since the limit of the tree canopy, improving olive
shoot length by 14% without placement of the
impluviums and by 20% when thereare placed. The
favorable effect of fababean could be explained by
the enrichment of soil by nitrogen biologically fixed
by this legume. According to previous studies car-
ried out in the study region, this crop may fix an
important amount of nitrogen up to 300 kg/ha?Y, that
islargely sufficient to satisfy olive nitrogen require-
ments, particularly during thevegetative departure?.

Oliveyied

Wheat induced a significant reduction in olive
yield, especially when it was cultivated below the
tree canopy. At this sowing distance, wheat induced
a reduction of olive yield by an average of 30%
compared to olive tree in monoculture (Figure 5).
Sowing wheat sincethe limit of the tree canopy has
not been able to stabilize olive yield, even with
placement of theimpluviumsaround olivetree. How-
ever, at this sowing distance, the depressive effect
exerted by wheat on olive yield was considerably
mitigated by an average of 60% compared to treat-
ment T1.

The depressive effect exerted by wheat on olive
yield is related to the concurrence vis-a-vis water
and nutrients during bud burst, flowering and early
growth of olives, from April to early June, that over-
lap with the filling phase of wheat grains and their
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Figure 5 : Olive yield in intercropping systems with different annual crops under rainfed conditions
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Figure 6 : Somatal conductance, leaf relative water content and leaf temperature of olive tree in intercropping
systems with different annual crops under rainfed conditions

maturation'*> 4. Also, this depressive effect of wheat
would be related to the liberation of ethylene from
wheat grains during their maturation that is known
to beaninhibitor of flowering for the most plantg?.
Indeed, the ethylene activates the enzymes respon-
sible of the dissolution of cell walls in the abscis-
sion zones of flowers, thereby causing their fall24.
Asfor the association with coriander, it had no
effect on olive yield whether grown below or out-
side the tree canopy, with or without placement of
theimpluviums. Thisresult isevident because cori-
ander completed its growth cycle during the dor-
mancy period of olivetree and it was harvested be-

foretheolive bud burst, thereby limiting the compe-
tition for water between the two crops. However,
faba bean induced a significant improvement of ol-
ive yield, especialy under the treatment T1 where
it was cultivated until below the tree canopy. This
trestment increased oliveyield by an average of 40%
compared to olivein monoculture. Thiseffect of faba
bean remained favorable when it was cultivated
since the limit of the tree canopy, but with a miti-
gated manner. At this sowing distance, fababean in-
duced an increase of 12% for oliveyield compared
to olivein monoculture. Thissameincrease of olive
yield was observed under the treatment T3 where
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Figure 7 : Chlorophyll index of olive tree in intercropping systems with different annual crops under rainfed

conditions

TABLE 1 : Distances at which disappears the shading effect on annual crops biomass following the exposition of

olive orchard

Olive or chard exposition

Didances at which disappear sthe shading effect on annud cr ops biomass

north/ south

2.1 m from the olive canopy limitin east side

From the limit of olive canopy inwest side

ead / wed

2.1 m from the olive canopy limitin northside

From the limit of olive canopy in south side

north-east / south-west
north-west / south-east

From the limit of olive canopy on both sides of the tree rows
3m fram the dive canopy limit on both sdesof thetree rows

the impluviums were placed around the olive tree,
showing that their effect wasinsignificant. The fa-
vorable effect of fababeanisdueto thefact that this
crop was harvested before the olive bud burst,
thereby limiting the competition for water during the
fructification period of olive tree. In addition, this
legume enriches the soil by nitrogen through bio-
logical fixationwhichincreasesoliveweight, thereby
increasing olive yiel d,

Water statusand chlorophyll index in olivetree

Olivewater statuswas especidly affectedin the
intercropping system based on the association with
wheat. When this annual crop was sown below the
tree canopy, it induced a decrease of stomatal con-
ductance and | eaf relative water content of olivetree
respectively by 25% and 22% compared to olive
tree conducted in monoculture (Figure 6). However,
this depressive effect was attenuated by sowing
wheat since thelimit of the tree canopy, by an aver-
age of 45%. Thisresult indicates that the olive tree
grown under rainfed conditions extract water mainly
from the soil area below the tree canopy. Thisisin
agreement with works of Lhomme et al 2% on water
relations in the intercropping systems based on ol-

ivetreewith theannual cropsthat demonstrated that
olive roots grow mainly in the wet soil areas such
asthe areasituated below the tree canopy wherethe
evaporation of the rain-water is relatively limited
by tree shading. The placement of the impluviums
had no additional compensatory effect although they
have proven their performance to collect the sur-
face water demonstrated in several previous stud-
ies?. The non-signification of the impluviums ef-
fect is related to the severity of the rainfall deficit
during the present experiment.

However, faba bean and coriander affected
slightly the water status of olive tree under the all
tested treatments. Theeffect of thesetwo annud crops
comesfrom the concurrencefor water duringtheol-
ive dormancy period since they were harvested be-
fore olive bud burst, especialy during their active
growth in February and March, thereby reducing the
soil water reserves useful to maintain a satisfactory
olivewater status at vegetative departurein June?!,

Asfor leaf chlorophyll index that reflect the nu-
tritional statusof olivetreeespecialy in nitrogen(?,
it was significantly affected by the association with
the annual crops only when they were sown below
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the tree canopy (Figure 7). The increase in chloro-
phyll index of olive tree was more pronounced in
theintercropping system with fababean by an aver-
age of 49% compared to olive grown in monocul-
ture. However, wheat and coriander grown below
the tree canopy induced an increase of this index
respectively by 32% and 36%. Therefore, the olive
tree extracts nitrogen mainly in the area under the
canopy coming from asignificant proportion of fer-
tilizer residues vested for wheat and coriander and
from the biological fixation for faba bean. Thisre-
sult isdueto the fact that the horizontal transfers of
nitrogen inintercropping systemsbased onolivetree
and annual crop are limited under rainfed condi-
tiong®,

Biomassand yield of theannual crops

The annual crops biomass was reduced around
olive tree canopy in response to the shading effect.
Particularly, the faba bean’s response to tree shad-
ing was reflected by an etiolation of plants because
of the indeterminate growth that characterizes this
legume®l, The reduction in annual crops biomass
was marked over an aureole around the tree canopy
having a maximum radius of 3 m in the northeast
side of each olive tree. This result permitted to de-
termine the optimal distance at which the annual
crops should be sown to produce a satisfactory bio-
mass in intercropping system with olive tree fol-
lowing the exposition of olive orchard (TABLE 1).

In fact, it is clear that the optimal distances in
intercropping system are dependent on trees vigor
defined mainly by their height. The measurements of
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the annual crops biomass around olive trees with
various heightsin different orchards of the study re-
gion, other than the experimental orchards, permit-
ted to establish a significant regression model to
determine the optimal distance for sowing annual
cropsin the shady side of olive rowsfollowing tree
height (Figure 8).

Yield of the annual crops was aso greatly af-
fected around olive trees. Below the tree canopy,
the cropswere practically unproductive. Cropsstart
to produce since the limit of the tree canopy, but
their yield level becomes normal and interesting
since the distances indicated in TABLE 1. In olive
orchard oriented north-south, wheat yield evolved
following a polynomial curve from the east side to
the west side of the trees rows (Figure 9). At the
limit of olivetree canopy, shading induced areduc-
tion of 70% in wheat yield and of 10% in grain
weight. At 1.5 m from the olive canopy limit, wheat
yield was considerable, but significantly lower than
theyield level observed since 2.1 m from the olive
tree canopy corresponding to the distance at which
disappeared the effect of shading on crops biomass.

These depressive effects of olive tree on biom-
ass and yield of the annual crops are in agreement
with the results of severa previous works such as
of Daoui et al.,'*¥ about wheat and faba bean inter-
cropped with olivetreein Morocco, Simpson et al .*2
and Reynolds et al.*¥ about mai ze, soybean and corn
intercropped with poplar and silver maplein Canada
and Gao et al.®¥ about soybean and peanut inter-
cropped with apple tree in China. Since faba bean
and coriander were sown and harvested during the
dormancy period of olivetree, thereduction observed
intheir growthandyield in the areaaround thetrees
canopy isthereforerelated to the shading effect. How-
ever, the reduction of growth and yield of wheat is
explained in addition by the competition exerted by
olivetreefor soil moisture and nutrients becauseits
growth cycle overlapped with those of the olivetree.

CONCLUSION

Asan effective method to improveland use effi-
ciency and economic returns, theintercropping sys-
tems based on olive trees and annual crops are par-
ticularly important for the Moroccan smallholder
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farming. An efficient management of thissystem re-
quires necessarily ajudicious choice of the distance
between trees and crops depending on intercropped
species, exposition of thetreesrowsand treesvigor.
The distances in intercropping systems are consid-
ered optimal when they ensure a satisfactory per-
formance of the both associated crops. The experi-
ments conducted in northern Morocco permitted to
determine the optimal distances for sowing whest,
fababean and coriander inintercropping systemwith
olivetree under rainfed conditions. For sowing faba
bean and coriander, the optimal distance correspond
to thelimit where the shading effect becomesinsig-
nificant whichiscorrelated with thetreesheight fol -
lowing a linear regression model. Whereas the in-
teractions regarding soil moisture and nutrient are
negligible since these two annual crops are sown
and harvested during the dormancy period of olive
tree. In the shaded areas around the trees, faba bean
and coriander do not affect growth and yield of ol-
ivetree, but their yields are low and produce small
grainswhose use may belimited to animal feed. For
sowing wheat, the optimal distance dependsnot only
on the trees shading, but al so on the competition for
soil moisture and nutrients because the growth cycle
of wheat overlaps with growth departure of shoot
and fruit of olive tree. The distance at which the
interactions between wheat and olive tree becomes
insignificant for light, water and nutrients depends
mainly of the areas explored by oliverootswhichis
often correlated to tree height. In association with
olive trees having a height of 7 m, this distance is
2.1 m outside the tree canopy. Sowing whesat at a
lower distance from the olive trees canopy induces
considerable reduction in growth and yield for the
both crops.
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