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ABSTRACT

In this study, we attempted to assess the effeehrafus drippers’ distribution around the tree spil moisture,
salinity, flowering and fruit development. The trfacused on a 5 years old Clementine of ‘Nulesifigd onto
sour-orange under drip system on a clay loam $alr treatments (8 drippers per tree double lingslrippers per
tree double lines, 4 drippers per tree double limesl 4 drippers per tree single drip-line) were qmared with
control (2 drippers per tree on single line). Thesults show that the treatment with six drippemsuad the tree,
gave the best distribution of fine roots and sodisture, while moisturizing only the root zone with causing
water losses, therefore a better water use effagiereatments using eight drippers or four drippeer tree on
single or double drip-line are more stressful sorenfavorable to floweringAlthough, no effect is observed on fruit
set and fruit drop. However, fruit size was highethe double drip-lines treatments, especiallyhiase with four or
six drip emitters.

Keywords: Water saving, Dripper spacing, Soil moisture, rabssribution, Fruit size, Citrus.

INTRODUCTION

Drip irrigation has become widely adopted thanksittogreat potential for improving water managembnt
improving crop yield and quality using less wated docalizing chemical applications, thereby enliagpahe

efficiency of irrigation and reducing the risk alfution [1]; it's a necessary solution for hortittral crops in order
to address the problems of water scarcity [2]. Hmxethese objectives can only be achieved if thigaition

system is correctly designed (e.g. emitter disohaege, emitter spacing, tape lateral spacing)vaaitl managed
(e.g. irrigation scheduling and fertilization s&rgy) for any given set of soil, crop and climatinditions [3,4].

The extent of wetted soil volume under drip irrigatis a function of the emitter discharge and spabut depends
mainly on the soil type and the total water addgd The ability to estimate the dimensions of thettimg bulb i.e.,
water extending laterally and vertically away framemitter is an important criterion for the desigmrip systems
to ensure efficient irrigation and to avoid the rement of water beyond the root zone [6,7,8,9].

Relatively little information is available on thpatial distribution of soil water under drip irrtian, and how it is
affected by root distribution, emitter placement arrigation amounts. It's clear that variables tsus emitter
position relative to the active roots as well vaffect the soil water regime and the spatial charigesoil water
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content as controlled by root water uptake andHieac A better understanding of these interrelafops will
provide alternative means for proper and efficignip irrigation water management practices [10]e Baccess of a
localized irrigation system is possible if thereaiggood understanding of the infiltration phenomena water
distribution in the soil. Under drip irrigation,ghwater application frequency is high and watesdgsoutside the
root-zone generate poor efficiency of the irrigatgystem [11]; this means the infiltration periediivery important
stage of the irrigation cycle and must be contbll#2]. During infiltration, the soil water contechanges both
spatially and temporally and redistribution of waite the soil is strongly dependent on the irrigatimethod, soil
type, vegetation root distribution and rates ofewatpplication. Spatial variations in soil propestinduce spatial
variations in water distribution patterns betweeippkrs [13], which arises problems for sensor gtaent in the
field relative to drippers (or crop rows) and make interpretations of data on soil water informatdifficult
[14,13].

Moreover, understanding of soil moisture dynamind eaoot water uptake in root zone is important efesting

appropriate irrigation schedule to increase watse efficiency and crop yield [15]. But, Very fewrelit

measurements of the water distribution under fogidditions have been undertaken. Although someoasistudied
drip irrigation of a citrus orchard and measureg tidial distribution of water potential from aniger in the root
zone of orange tree [16]; Higher available soil shaie was observed in drip irrigation plots compgat@ furrow

irrigation in two soil depths of 0—15 cm and 15-€80 [17,18]. In fact, Soil moisture status affedie growth,
shape, structure, physiological function, and waigtake characteristics of crop root system as agltootshoot
ratio [19,20,21]. Thus, certain soil moisture wouddsitively affect the increasing of root systen2][2and the
position of lateral root depended on the water @oinof different soil layers [23].

Moreover, maintaining high water content incredseshing and reduces soil oxygen levels which desaelant
growth [24,25,26]. However, partial soil wettinglirced by low discharge point source emitters esaiolet growth
in zones that are exposed to both high water coiatesh oxygen supply [27,28]. Maintenance of highishure in a
portion of the root zone, minimizes drying and wejtfluctuations [29] and increases water flow anttiemwt
availability to roots [30,31,32]; in contrast, tlesymmetry in spatial distribution of fine roots twbibe the
consequence of multi-year deep percolation of agphater [33].

The rational management of drip irrigation needgidicious combination of dripper spacing, dischargée,
irrigation duration, and the time interval betwde successive irrigations [34,35]. The choice opger spacing
depends on several factors such as dischargecratg, and soil hydraulic properties [36,37]. Thpitgl dripper
spacing is in the range of 0.15-1m [38,39].

In this experiment, we investigated the effect iffedent dripper spacing on wetted soil volume, trd@stribution
and vyield of citrus in order to optimize water slypgseveral combinations of dripper spacing and Ineinper tree
were studied. The most used ones were chosen n2y)ys and 8 drippers per tree.

MATERIALS AND METHODS

The experimental plot has an area of 10000 m? amiiciled at COPAG Cooperative located in Taroudagion
on the left side of Oued Souss with the Lambertdioates 157725E , 395675N and 243 m from theeses.| The
trial was carried out on a 6 years old citrus ordha&lementine 'Nules' grafted onto sour-orang@eeting the
standard spacing of 5m between trees and 4 m betwees {.e.; 500 trees/ha). The soil is loamy with 16% clay,
43,5% silt and 40,5% sand.

The plot is equipped with various instruments usea@pplied research and drip irrigation systenchEmee row has
a single polyethylene pipe with integrated self pemsating drippers that are placed at 80 cm froentoranother
on the pipe and their flow is about 3.5 I/hour g@rassure varying within the range of 1 to 4 bhHis provided with
a plug for closing not wanted drippers.

Considering the discharge rate and the variablebeurof drippers per tree, the flow per hectare elihinge as a
result of a situation to another.

Experimental design
For our study, we adopted a completely randomizesigth (DCA), with five treatments and five repliestper
treatment. Each experimental unit consists of aobten trees. (figure 1)
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Légende:
- Situation 1: double rampe/8goutteurs
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Figure 1. Experimental design adopted with the dirent situations corresponding to different numberof drippers and drip-lines

Figure 2Figure shows the arrangement of drippers around the trdesimgle or double drip-line situations. Table 1
shows the calculation of the hourly discharge fhesituation.

Table 1. Details of drippers number per tree and burly discharge for each situation

Irrigation situation (treatments)Dripper number per treeDischarge rate () System discharge (mm/h)

1 8 , ,
2 6 3,5 1,05
3 4 3,5 0,7
2 4 3,5 0,7
5 2 4,0 04

:j’ 60cm :;E’

Figure 2. drippers arrangement around the tree: asituation 1: double lines with 8 drippers/tree b. Suation 2: double lines with 6
drippers/tree c. Situation 3: double lines with 4 dppers/tree d. Situation 4: single line with 4 drppers/tree e. Situation 5 (control): single
line with 2 drippersi/tree.

1971
www.scholarsresearchlibrary.com



R. Salghiet al Der Pharma Chemica, 2012, 4 (5):1969-1981

Water supply was daily calculated according to euamspiration value (ETo) given by the weathetimtaand
using the Penman-Montheith formula [40]. Then, cesppotranspiration (ETc) was estimated by introtfyi¢he
crop coefficient Kc :

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

The crop coefficient (Kc) is function of the treesver. In our case, we have a young orchard witlowaer of
22.61%. Therefore, the adopted value for Kc was Bigure Figure 3 shows the variation of ETo, calculated
according to the Penman formula and compared t&Tieeused in the orchard.
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Figure 3 : Cumulative Penman-ETo used for irrigatin purposes in the orchard during the experiment

Irrigation duration is determined by the formula:
Irrigation duration = ETM / hourly system discharge

Table 2 shows the irrigation time and the systeschtfirge rate. The tested treatments are fractiod$d n, 0.38 n
and 0.28 n over n dose used by the control.

Table 2. Variation of the irrigation time and discharge rate of the system for each situation

Irrigation situation (treatments)  System dischasge (mm/h) Irrigation time
1 14 43 min (0,28 n)
2 1,05 58 min (0,38 n)
3 0,7 1h 26min (0,57 n)
4 0,7 1h 26min (0,57 n)
5 control 0,4 2h 30min  (n)

In this way, the table 3 summarizes the appliedation program.

Table 3. Irrigation program used during the expermental period

Period Penman ETo (mm) | Used ET(mm) | Kc | Dose (mm)| Irrigation frequency | Penman Watevolume | Used water volume
mm l/tree mm l/itree

15-01 to 14-02 104,34 77,5 0,4 1 31 41,74 834,72 31 62(
15-02 to 14-03 116,18 72,5 0,4 1 29 46,47 929,44 29 58(
15-03 to 14-04 151,99 81,53 0,4 1,05 31 60,8 1215,97 32,61 652(24
15-04 to 14-05 173,39 173,39 0,4 2,31 30 69,34 1387,12 69,86 1287,
15-05 to 15-06 160,6 160,6 0,4 2,07 31 64,24 1284,8 64,24 1284,8

Total 706,5 565,52 - - 152 282,6 5652 226,21 4524)16

Measurements and observations

Characterization of soil water retention using Ritis apparatusoil sampling was done in the first 50 cm profile
and samples were taken at intervals of 10 cm oftdéypetal cylinders of 4.2 cm in diameter and 4iardepth were
used forin situ samplings. A single sample is the mixture of 6 glamys done at the same depth for each one of the
four treatments. Laboratory analysis was undertakeéine Horticultural Complexes of Hassan Il Ingiit

Soil moisture Wet bulb is determined by digging horizontal arattical profiles. We determine fresh weight by
collecting and weigh samples at 15 cm soil deptrernTsimples will be dried at a temperature of 5@i@ing 48
hours to measure immediately dry weight.
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Soil salinity. soil samples are taken by means of an auger at3flistance from the emitter and different deths
10, 30, 50 and 70 cm. The laboratory method adoptesd1/5 for measuring the electrical conductivity

Characterization of the root profile in the sdilallows architectural visualization of the reanh the soil, in relation
to the relative distance to the drippers and tattde trunk. A square-shaped screen (1 m in eaa) sbomposed of
elementary openings of 10 cm x 10 cm is placedrsgighe vertical wall of the profile; roots locatéd each

opening were counted after their classificatioroading to their diameter (0 <1 mms ¥ <3 mm ; @ 3 mm).

Flowering and fruit developmento determine the flowering rate, fruit set anditfidrop, we selected randomly at
the same height four branches at all tree’s sidhere the number of flowers and number fruit setaunted. Fruit
growth was determined by weekly measurements offfaits diameter chosen from each side of the. tree

The MINITAB computer software was used for statistianalysis. TableTable 4Table Zhows the statistical analysis
method that was adopted for software treatment.

Table 4. Adopted analysis method of the variance

SDV DDL SCE CM Fobe
Situation 5 SCE CM, [CM./CM]]
Résiduelle 9 SCEk CM,

Total 14 SCEk

RESULTS AND DISCUSSION

Water retention curve or pF curve
Different curves are obtained in the same profilés means that we have two different soil horizaBst the
tendency is quite similar, so is the water transégrability.

The humidity at wilting point (HPF) corresponding pF=4.2 and determined graphically for differeepths is
about 24%. The humidity at field capacity (HCC)responding to pF=2.7 is about 34.38%, this is simib the
standards of a sandy loam soil. The reserve cap@dil) is about 90 mm per meter of soil depth.

5,00 -
450 y 1=-0,011x2 +0,486x - 1,196
F R?= 4,945
4.00 - v 2=-0,013x2 1 0,645x - 3,806
3,50 © R2=0,916
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L 2,00 + R
Q L \
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0,00 - A\
20,00 25,00 20,00 35,00 40,00 45,00

Soil Moisture {%)
—— IO 1 =l MOy 2 e Poly.(moy 1) «weeeeeee Poly. (moy 2)

Figure 4. Water retention curve the two horizons othe soll

The soil characteristic points are summarized litet&rable 5:

Table 5. Soil characteristic points relatives to wr at different depths

Profondeur HCC (% pondéral) HPFP (% pondéral) Da Porosité %

10 20,24 15,47 1,6 38,31
20 19,03 14,68 1,77 31,85
30 22,54 16,75 144 448
40 24,1 12,98 1,47 4347
50 24,17 18,45 1,57 39,59
Moyenne 21,9 15,66 157 39,6
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Soil moisture monitoring
Figure 5

Figure 5shows the distribution of the five treatments sodisture obtained by gravimetric analysis of saimples

before irrigation.
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Figure 5. Visual representation of the soil wet bid (A: 8 drippers per tree, discharge 3.5 I/h, dould line, B: 6 drippers per tree,
discharge 3.5 I/h, double line, C: 4 drippers perree, discharge 3.5 I/h, double line, D: 4 dripperper tree, discharge 3.5 I/h, single line, E:
2 drippers per tree, discharge 4l/h, single line)
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We note that water is well distributed laterally Situation 1, but the soil moisture is rarely bel®% (HPF), the
soil well irrigated part is the one between trdascase of situation 2 and 3, while all soil moistiare ideal for
roots growth, below 16% both horizontally and latisr well distributed, no infiltration below 60cns iobserved.
However, in situation 4, soil moisture is slightligher under drip without exceeding the HCC, buvimg towards
the tree, soil is much drier with a slight watesdat 60 cm depth. Finally, a good lateral distidyuof soil moisture
is observed for the control, but with a very impottwater infiltration below 60cm depth.

Table 6. Wet bulb characteristics for all situatiors

Situation  Dripper number per tree  Bulb depth  Bulb diameter Bulb volume  Total bulb volume

(m%dripper) (m3ftree)

1 8 0,55 0,64 0,47 3,77

2 6 0,63 0,64 0,54 3,24

3 4 0,55 0,64 0,47 1,89

4 4 0,70 0,64 0,60 2,40

5 Control 2 0,90 0,64 0,77 1,54

We note that the situation 1 gives a greater weitdgime over a very large area but not deep. Omwtiher hand, the
situation 2 has enough volume over a large areaeandigh deeper. Situations 3, 4 and the controé dewer
wetted volumes.

Sail salinity

Salts have been accumulated in the first 30 cmhd€fure 6). The comparison between the diffemhiations
shows that the salinity increases when the wettethee is larger, probably due to the fertigatienhinique, but
remain below the tolerated level by citrus cropS/).

ECendS/m
0,2 0,25 0,3 0,35 0,4 0,45 0,5
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
10 \ \ .\ /
(=)
g 30 }]
L
2 40
-
5 ﬂ
S 50 /
o g0 //
70 , 4 I/ /
80
—§—>situation1 =—fl=situation2 situation3 === sjtuationd =—=t=situation5s
Figure 6. Salt profiles in the different situations
Root profiles

Figure Figure 7shows that the number of roots in situations 24mes greater than the one in situations 1, 35and
Thus, in situation 1, the roots are concentrateih@ 50cm depth because of of water research phemmm In
contrast, roots are well distributed in situatiorthanks to the homogeneity of the wet bulb. Siarat8 and 4
developed roots at a depth of 50 cm where soil tma@sis enough sufficient closes to the wet bulbt B the
control (situation 5), roots are only present ia #nea around the drippers (figure 8).

The number of fine roots (less than 3 mm in diaméschigher in the case of the situation 2 andh® eoncentrated
in the area where soil moisture is around HCC, tieianfirms the results obtained by many author$ [41
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Figure 7. Total root's distribution around the tree (A: 8 drippers per tree, discharge 3.5 I/h, doubldine, B: 6 drippers per tree, discharge
3.51/h, double line, C: 4 drippers per tree, discarge 3.5 I/h, double line, D: 4 drippers per treedischarge 3.5 I/h, single line, E: 2
drippers per tree, discharge 4l/h, single line)
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Figure 8. Fine root's distribution of 3 mm in diameer around the tree coupled to soil moisture (A: 8irippers per tree, discharge 3.5 I/h,
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tree, discharge 3.5 I/h, single line, E: 2 dripperper tree, discharge 4l/h, single line)
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Flowering
The statistical analysis of flowering on currentiyevood gave no significant difference. In contritsshowed a

very highly significant difference for the one ory@ars old wood (figurer&ure 9. Densities of 8, 6 and 4 drippers
induced more flowering rates, but they caused maater stress (old wood flowering). At last, lesgavastress in
situation 2 and 5 is justified by the presencehefajority of the fine roots in the area with sobisture closest to

HCC (figure 9).
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Figure 9. Total number of flowers per branch and ag for the different studied situations

Fruit set
The fruit set rate was 80% higher on situation3,2, and 5, 80%; however, the situation 1 showdawest one but

without statistical significant difference (figui€Figure 19.
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Fruit dropping

% de fleurs nouée
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Figure 10. Fruit set rate per branch and age for tk different studied situations

After statistical analysis, it seems that wateimeg have no direct effect on fruit dropping, intfhigh evaporating
demand and temperature of April was behind the frighdrop (figure 11).
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Figure 11. Fruit dropping rate for the different studied situations
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Figure 12. Fruit size growth on the different studed situations
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Fruit size

The different distributions of the emitters arouhd tree showed a very significant effect, stai@dly proved, on
fruit size growth which is higher in situation 1,ahd 3 (figure 12). Moreover the double drip-lim#luences
positively the fruit development. The best perfonees are obtained in the case of six drippers gecdion double
lines; these results confirm the positive effeatsptant growth obtained by many authors witch latiie it to near
constant conditions in the root zone allowing pdartt grow roots in areas with favorable water, ieatror salt
concentrations [42,43,44,45].

CONCLUSION

Dripper’s distribution around the tree has a natide effect on the total flowering with a higheteinsity on the 2
years old wood in the stressful situations. Freit and fruit drop were not affected by the differeeatments.
However, the double drip-line improves fruit sizé&hwstrong performances in case of six drippers medi on
double line.
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