
INTRODUCTION

Water uptake for agriculture is very
intensive in Souss Massa region (521Mm3 per year),
where irrigation waters are almost exclusively
pumped from the water table which is being
depleted by 2 to 3 meter per year 1. The climate is
very arid with rainfall of about 150-200 mm/year
concentrated in winter and Evapotranspiration
(ETo) of 1800 mm/year with more than 7 mm/day in
the Summer, average winter temperatures can
reach 5-7°C whereas average summer
temperatures can be as high as 32-36 °C 2-3 . Adding
the effect of the foreseen climate change, the
available water volumes are expected to shrink by
10-15% of the actual volumes in 2020 due to the
falling groundwater levels and the reduction of the
storage capacity of dammed lakes by siltation 4.
The citrus sector in the Souss region occupies about
33 000 ha which represents about 40% of the
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ABSTRACT

This work treats a comparative study of deficit irrigation and shading nets impacts on the
citrus growth and fruit dropping, in order to save water without affecting physiological status and
trees performances. The first dose (100%) is calculated using reference evapotranspiration (ETo
- calculated using weather station), and crop coefficient (Kc) which varies according to physiological
stage; the second is a double-dose (200%) and the third is a half-dose (50%); This study has
shown that the application of half-dose using shade screens meets trees needs without causing
adverse effect on crop performances; the soil water content and root hairs are well distributed
laterally, the bulb’s depth and 90% of roots are located at 0-50 cm horizons. Shading net enhanced
fruit growth and has mitigated fruit dropping phenomena by H≈50% for the treatment F50%.
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whole citrus plantings in Morocco, and employing
quasi permanent irrigation with very limited water
resources. This has led to the use of low volume
irrigation systems (i.e.; drip, microsprinklers etc.)
by more than 80% of the citrus orchards 5.

To sustain agriculture, it is particularly
important to optimize crop yields by minimizing
inputs, mainly water and nutrient application 6;
Irrigation practices for water saving need to be
adopted in intensive horticulture of Souss Massa
region, where there is strong competition for scarce
water supplies. While, Water efficiency is a key
concept to solve water-shortage problems in
semiarid areas 7, Shading nets structures in semi-
arid and arid environments can be considered as
an intermediate solution for increasing water use
efficiency and reducing plant water stress 8. It offer
many advantages and environmental benefits 9-12,
this is why an increasing area of crops, including
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citrus, is being grown under shading materials of
various types, and growers need to know how these
influence yield. Some authors reported that
shading nets are helping to reduce wind speed
within the foliage by about 40% 13, keep lower values
of maximum daily shrinkage 14, maintain high leaf
water content and better LAI - Leaf Area Index 15,
reduce irradiance at the Earth’s surface 16, decrease
crop transpiration by increasing stomatal diffusive
resistance in leaves 17 and reduce the daily sap
flow 17-18. However the photosynthesis and
integrated daily net CO2 uptake is maintained at
high levels in shaded plants with respect to exposed
trees 20, The shade provided by the net do not affect
yield  and internal fruit quality (ratio of sugar to acid)
but may increase fruit average weight and diameter
14,21. Another common practice is the Improve of
water-use efficiency by reducing the amount of
water supply 25-27,31. Plants have developed various
mechanisms to withstand water stress, such as
higher root-shoot ratios, fewer and smaller leaves,
concentrated solutes or increased activity of
oxidative stress enzymes in leaf cells 22,
nevertheless, rootstock characteristics are
important factors influencing plant responses to
water deficit 23. It is well known that water stress in
citrus reduces stomatal conductance, transpiration
rate and net assimilation of CO2 

24-27; Some authors
suggest that the Deficit Irrigation (DI) and regulated
deficit irrigation (RDI) strategies can be applied in
commercial orchards not only in case of water
scarcity, but also as a tool to control vegetative
growth improving fruit composition and reducing
costs associated with the crop management 22. It
was possible to save up to 18% of water, applying
DI strategy, without any significant reduction in yield
and fruit weight 28, Mid-summer RDI strategy
allowed 20% water savings, with a reduction in tree
growth but without any significant reduction in yield,
fruit size nor in the economic return, and helped to
improve water use efficiency 29. Another author did
find that RDI with 50% of the crop ETc decreased
the yield by 10% but wasn’t statistically significant
30, it is important to draw attention to the fact that
fruit growth and flowering stages are the most
sensitive periods in relation to irrigation water deficit
and yield loss 31, a loss of water takes place from
fruit to transpiring leaves during water stress32, fruit
dropping may happen as a result of this endogen
competition 33 or just a natural selection to keep a

limited fruit number balanced to its reserves 34, thus
water-sever stress applied during the flowering and
fruit-growth phases affect significantly the yield, the
growth and reduces fruit size causing important
economic losses in orchards 35,39; but when this
degree of stress is applied during the maturity
phase, it improves mainly fruit-quality parameters
(total soluble solids, and titrable acidity in juice)
26,27,32,40 , other authors reported that DI and RDI
decrease fruit size by 4% and fresh weight by 10%,
but enhance total soluble solids by 10% and
titratable acidity by 13% at fruit maturity 41. Although
the amount of irrigation water would have a relative
importance, but other variables such as the
irrigation strategy, would decidedly influence
prudent water management in semiarid areas 33,
when using low watering frequency, Deficit irrigation
reduces water use by 1250m3/ha, with similar yields
in comparison to the fully irrigated trees 42. However,
when reducing water supply, irrigation water salinity
is very important factor that should be managed
too, because it increases average crop root zone
salinity and may result in a negative effect on crop
yield 43. This work aims to compare the impact of
three Deficit Irrigation strategies (200%, 100% and
50% doses) on performance and physiological
status of “Afourer” mandarin, in order to streamline
the water supply without adversely affecting the
trees performances; shading nets were then used
towards their usefulness when combined with water
deficit.

EXPERIMENTAL

The experiment took place at two plots of
5 years old mandarin (Afourer) over an area of   8.5
ha. Planting density was 833 trees per hectare (2 m
between trees and 6 m between rows). While the
first parcel has trees in open field, the second parcel
was under net. The plot is equipped with various
instruments used for applied research and drip
irrigation system. Each tree row has a single
polyethylene pipe with self compensating online
drippers that are placed at 1 meter from one to
another on the pipe line and their flow is about 4 l/
hour at a pressure varying within the range of 1 to 4
bars, each tree has 2 drippers. The factor studied is
the amount of water applied. All the other production
practices (fertilization, protection against pests and
diseases, weed control etc.) are optimal and were
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similar for the whole experimental plot. The three
water regimes corresponding to the three treatments
studied are defined based on Penman–Monteith
evapotranspiration (ET) equation that predicts the
rate of total evaporation and transpiration from the
earth’s surface using commonly measured weather
data (solar radiation, air temperature, vapor content,
and wind speed) 44. Citrus water requirement was
then estimated using proposed FAO crop coefficient
(Kc) which varies according to physiological stage45.

ETc (mm/day) = Kc x ETo (mm/day) ...(1)

The first dose is taken 100% of crop ETc,
the second is a double-dose (200%) and the third
is a half-dose (50%). The 100% dose computing is
a function of the crop evapotranspiration lost during
the day before, it was varying from 2.75 to 4 mm/
day because of ETo variations en Kc changes (0.5
during May and 0.6 from June).
Thus, our different treatments were:
´ Control with trees irrigated based on 100%

dose at open field (F100%)
´ Treatment which received 200% dose at

open field (F200%)
´ Treatment undergoing 50% dose at open

field (F50%)
´ Control with trees irrigated based on 100%

dose under shading net (S100%)
´ Treatment which received 200% dose

shading net (S200%)
´ Treatment undergoing 50% dose shading

net (S50%)

Variety characteristics
The mandarin variety called ‘Nadorcott is

well known under the names “Afourer” in Morocco
and Europ and under the name “W. Murcott’ and
‘Delite’ in the United States. It is a Moroccan
selection identified during 1981-82, among 18
years old Murcott mandarins grafted on Troyer
citrange. These trees were planted at the
Experimental Station of INRA in Afourer - Beni
Mellal (Morocco). Afourer is a very attractive, easy
to peel midlate season mandarin (peak maturity
January - February) which, when grown in isolated
conditions, can be virtually seedless. Production is
excellent with very little alternate bearing when
grown under commercial conditions 46. The variety,
known worldwide for its high quality, has been

widely planted over the past decade as consumer
demand for internal and external highquality of fruit
(flavor, aroma, appearance and profile templates),
lowseeded, easy to peel mandarins has increased,
its high productivity (30-60 t / ha), and early entry
into production (15 to 20 t / ha the third year after
planting) and ease of peeling 47 .

Rootstock characteristics
Citrus macrophylla rootstock is sensitive

to cold and wet soils. However, it supports high
levels of chlorides and adapts to limestone soils.
It’s tolerant to phytophthora, gummosis and
responds well to other root attacks Diaprepes
abbreviature especially due to its ability to rapidly
regenerate damaged roots. It tolerates exocortis,
but is sensitive to tristiza and the cachexia-
xyloporose. Citrus macrophylla gives a good fruit
set and a strong affinity with the lemon and lime
trees. It tends to reduce the soluble sugar content
of oranges, mandarins and their hybrids 48.

Measurements and observations
Characterization of soil water retention

using Richards’s apparatus: soil sampling was done
in the first 70 cm profile and samples were taken at
intervals of 20 cm of depth. Metal cylinders of 4.2
cm in diameter and 4 cm in depth were used for in
situ samplings.

Characterization of the root profile in the
soil: it allows architectural visualization of the roots
in the soil, in relation to the relative distance to the
drippers and to the tree trunk. A square-shaped
screen (1 m in each side) composed of elementary
openings of 10 cm × 10 cm is placed against the
vertical wall of the profile; roots located in each
opening were counted after their classification
according to their diameter ( Ø < 3 mm ; Ø ≥ 3 mm).
Soil water content: Soil samples were used for this
purpose; sampling was performed at 15 day
intervals. A single sample is the mixture of 6
samplings done at the same depth for each one of
the six treatments. These profiles allow comparison
between treatments by comparing vertical and
horizontal distribution of water. Samples of soil were
taken using rings in order to determine the bulk
density and soil characteristics at the Laboratory of
Soil Science at Agronomic and veterinary Institute
Hassan II; the water content was calculated by
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Fig. 1: Water retention curves (pF curves) at different depths of
the soil (30, 50 and 70 cm) for the experimental orchard

Fig . 2: Spatial distribution of the soil water
content on the open field treatments F200%,

F100% and F50%

Fig.  3: Soil moisture distribution on treatments
under shade S200%, S100% and S50%

Root profiles
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Fig. 5: Roots spatial distribution in the soil profile (Ø <3mm) made at 20 cm from tree trunk and
just underneath the irrigation pipeline for treatments under shade S200%, S100% and S50%; the

placement of the 2 drippers coincides with horizontal distances (±30cm).

Fig. 4: Roots spatial distribution in the soil profile (Ø <3mm) made at 20 cm from tree trunk and
just underneath the irrigation pipeline for open field treatments F200%, F100% and F50%; the

placement of the 2 drippers coincides with horizontal distances (small triangles ±30cm).

measuring the fresh weight and dry weight (after
drying at 105 ° C for 24 hours).

Fruit growth: we randomly selected four
trees per treatment; each one was marked with eight
fruits for which the equatorial diameter was
measured weekly.

Fruit dropping intensity: the number of
dropped fruits has been counted three times a week
during the month of May to compare its intensity for
the three treatments applied (200% x 50%) in the
two plots under nets and on open field. Repetitions
and trees concerned were the same as those from
fruit growth measurements.

RESULTS AND DISCUSSION

Water retention curve or pF curve
Values in Fig. 1 are relative to different soil

depths. The observed difference concerns water
retention capacity between the three soil depths
because of variations in soil micro porosity and soil
texture, which varies between the three horizons.
The average curve of 50cm binding soil water
pressure potential with soil volumetric water content
has a polynomial form: y = -0.746x2 – 1.146x + 34.21

Soil moisture is calculated from trends
using equations at field capacity (HFC=pF2) and at
permanent wilting point (HPWP=pF4.2) 49-50,41

(Table 1). Available soil moisture is determined as
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Fig.  6: Fruit size growth for all treatments
under shade and on open field.

Fruit dropping intensity

the interval between the water content at field
capacity and permanent wilting point 51.

Treatments at open field
We note a good water distribution into the

soil for the open field treatments F200% and F100%
(Fig. 2); soil moisture never approaches the HPWP,
but water have been lost until 70cm and 90cm of
soil depth for treatments F100% and F200%
respectively due to the high amount of water applied
in both two cases. A better lateral distribution took
place on treatment F50%, however soil moisture
was below HPWP at the horizons of 40-60cm depth
(Figure 2), indeed, deficit irrigation significantly
reduces the wetted soil volume 52; this can strongly
prevent the development of roots at these levels;
we observed 95% of root hairs at only 30 cm of soil
depth; the F50% dose seems to be insufficient for
citrus crops grown on open field.

Treatments under shade
We note, again, a good water distribution

into the soil for the treatments under shade S200%
and S100% (Fig. 3); but with high soil moisture at
deep horizons below 70 cm. similar soil flooding
causes less root hydraulic conductance in citrus,
so a reduction in transpiration by 56% 53 . The soil
water content is well distributed laterally on
treatment S50% (Fig. 3), the bulb’s depth is about
50 cm where the majority of roots are located; it
seems that the shade screens helped to reduce
evapotranpiration and to keep water into the soil.
This result is in concordance with some other
authors who founded sap flow in shaded trees is
lower than in exposed trees almost every day 18,19.

Root profiles.
In this report, we are only presenting

results for the root hairs with diameter < 3 mm.

Fig. 7: Fruits cut number per tree for all
treatments under shade and on open field
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Table 1: Soil water retention, for the three studied horizons

Depths (cm) HFC (%) HPWP (%) RU (mm/cm) Da

30 20,06 11,3 13,86 1,58

50 18,67 10,5 12,7 1,55

70 17,05 8,5 12,52 1,47
Average 18,59 10,10 13,03 1,53

Soil water content

Treatments at open field
The greatest number of roots was counted

on the open field treatment F200% (3293/m2),
almost 90% of the feeder roots are concentrated at
less than 60 cm depth; nevertheless, we could found
some active roots until 100cm due to the very deep
soil water bulb (Fig. 4). Roots were better distributed
for the open field treatment F100% (2333/m2), the
last roots are found at 80 cm depth. These results
confirm what other authors say that the root system
architecture is largely affected by irrigation 54. Trees
from treatment F50% developed very few root hairs
(1625/m2) at superficial horizons only (95% at 30cm
depth); it means 50% compared to the F200%; other
author have found that root length density is reduced

by H”73% because of the continuous deficit
irrigated 55; this root reaction is to be explained by
the restricted water supply which brings superficial
soil moisture; however, a good horizontal
distribution of these roots is observed, which proves
that soil humid bulbs overlap under the emitters
which is also in relation with the loamy nature of
the soil.

Treatments under shade
The trees from the treatment S200%

developed deep roots until 90cm with a total
number of 3267/m2; nevertheless, almost 90% of
the feeder roots are concentrated at less than 70
cm depth. With a total of 2652/m2, roots were better

Table. 2: Root counts in the soil profile (Ø <3mm) made at 20 cm from tree
trunk and just underneath the irrigation pipeline for the open field treatment F50%

Depth Horizontal distribution Counts%
(cm)

0-10 10-20 20-30(*) 30-40 40-50 50-60 60-70 70-80 80-90(*)90-100

0-10 30 48 113 58 62 85 73 65 75 57 666 41
10-20 42 58 74 43 39 68 67 68 75 87 621 38
20-30 35 29 28 14 22 16 19 22 38 38 261 16
30-40 12 8 11 4 0 3 10 13 16 0 77 5
40-50 0 0 0 0 0 0 0 0 0 0 0 0
50-60 0 0 0 0 0 0 0 0 0 0 0 0
60-70 0 0 0 0 0 0 0 0 0 0 0 0
70-80 0 0 0 0 0 0 0 0 0 0 0 0
80-90 0 0 0 0 0 0 0 0 0 0 0 0
90- 0 0 0 0 0 0 0 0 0 0 0 0
100
Total 119 143 226 119 123 172 169 168 204 182 1625 100

% 7 9 14 7 8 11 10 10 13 11 100

(*): Approximate placement of the 2 emitters.
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distributed for the treatment S100% horizontally as
well as vertically, the last roots are found at 85 cm
depth (Fig. 5). Trees from treatment S50%, growing
under shelter, developed good number of root hairs
(2516/m2); almost 90% of them are at 50cm depth
and very well distributed horizontally (Fig. 5).

The comparison between open field trees and
those under shade brings to say
´ Roots number and distribution are almost

the same for treatments 200% with deeper
water bulbs.

´ Roots are very well distributed for treatments
receiving 100% of their water requirements;

´ For treatments under 50% of water stress,
the difference on root profiles is notable. The
roots number is greeter under shade (2516/
m2 against 1625/m2) and well distributed; this
might be explained by a better distribution
of the soil moisture in the different horizons
thanks to the less crop water requirement
under shade (Table 2 and 3).

Fruit size
The Fig. 6 and statistical analysis indicates

no significant difference between the three doses.
In addition, the use of the shade screens coupled
with treatment 200% and 100% does not affect the

growth of fruit trees. But, when using the dose of
50%, the fruit growth is enhanced under shade
compared to the open field; some authors reported
that the best integrated daily water-use efficiency
corresponded to the shaded citrus treatments 56 .

Fruit dropping intensity
Fig. 7 shows that fruit drop is higher for the

dose of F200% with a total of 341 fruit dropped
while, for treatment F50%; this value is only 176
(≈50% less); however, other author found that a
partial  drying do not induce excessive fruit drop
and crop yield is kept unaffected 57; Also, for all
treatments it was evident that fruit dropping
phenomena depends a lot on the use or not of the
shade screens that seems to reduce considerably
the rate of fruit drop especially for the treatments
100% and 50%.

CONCLUSION

Better water use efficiency is no longer an
aim of citrus growers but necessity for sustainability
of agriculture in the Souss-Massa region. The use
of the shading net helped to decrease fruit dropping,
but had no effect on the fruit size growth. Roots
distribution and soil moisture measurements
showed that the 100% and 200% doses provided

Table. 3: Root counts in the soil profile (Ø <3mm) made at 20 cm from tree trunk
and just underneath the irrigation pipeline for the treatment S50% under shade

Depth  Horizontal distribution Counts%
(cm)

0-10 10-20 20-30(*) 30-40 40-50 50-60 60-70 70-80 80-90(*)90-100

0-10 87 62 83 89 67 58 87 92 67 64 756 30
10-20 83 65 79 43 73 72 63 77 111 63 729 29
20-30 53 37 42 27 38 64 49 30 40 18 398 16
30-40 24 22 14 16 12 23 29 33 27 5 205 8
40-50 8 14 23 13 27 32 22 22 14 8 183 7
50-60 22 13 15 5 19 25 10 5 8 6 128 5
60-70 12 15 18 8 11 7 9 3 0 6 89 4
70-80 3 5 6 2 0 0 5 3 4 0 28 1
80-90 0 0 0 0 0 0 0 0 0 0 0 0
90-100 0 0 0 0 0 0 0 0 0 0 0 0
Total 292 233 280 203 247 281 274 265 271 170 2516 100
% 12 9 11 8 10 11 11 11 11 7 100 -

(*): Approximate placement of the 2 emitters.
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the plant with excess water percolating into deeper
horizons, which was behind the establishment of
roots beyond 60 cm; in contrast, those ones
confined in the upper layers of 50 cm depth when
trees are under shade and irrigated using 50%

dose. We may conclude that adopting 50% of tree’s
water requirements using net are a good way to
maximize irrigation water efficiency without affecting
the tree growth and their physiological state.
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