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ABSTRACT

The experiment object was to compare the effedteeqgiartial rootzone drying (PRD) and the defigiigation (DI)
strategies applied with 50% of water requiremenmdaaf stomatal conductance, signal intensity, etelopment
and water use efficiency (WUE) of tomato grown wigleenhouse and on soilless. Three treatments agpéed:
control that was fully and conventionally irrigateRD and DI in which 50% of water requirements avapplied
using PRD and DI irrigation strategies, respectiveFor PRD treatment, alternation between the twotzone
sides took place each three days. When vapor preesaficit rises, PRD and DI stomatal conductan@es\26%
and 15% respectively lower than control. The corigmar between treatments in terms of signal intgnsitealed a
better resistance to water deficit for PRD-50. Rpodfile results corroborated previous findings. flact, when
compared to Control, the total number of root haissincreased by 11% and 90% for DI-50 and PRD-50,
respectively. Compared to control, water use efficy was improved for both treatments: DI and PR&ew
respectively, 155% and 160% more efficient.

Keywords: PRD, DI, signal intensity, stomatal conductamoe} profile, WUE

INTRODUCTION

Available water resources for agriculture have bdenreasing in recent years with the increased ddsnéor

irrigation and other non agricultural water useswNvater-saving techniques such as the partiatzoog irrigation

(PRI) or partial root-zone drying (PRD) have beeoppsed as an agronomic practice for more efficimat of the
limited water resources [1, 2]. The PRD is potdnivater saving irrigation strategy that utilizesami-to-shoot
chemical signaling mechanisms to influence shogsigogy. It works in drip irrigation or furrow iigated crops
where each side of the row is watered independewthen the crop is irrigated, soil on only one sifg¢he row

receives water while the other is allowed to drly /& each irrigation time, only a part of the rbgphere is wetted
while the other side is kept dry [4].

Earlier results demonstrated that PRD induced cosgiery water absorption from wetted zone, reduced
transpiration, and maintained higher level of pkgtahesis [5]. Besides, it was showed that the RRBease root
biomass by 19% over well watered plants. That pt@noof root biomass was associated with the aditon of
wet and dry compartments and occurs in the re-edteompartment after previous exposure to soilndryvhich
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explained the ability of PRD plants to maintain ilmleaf water potentials. As far as water usécedficy, it has
been significantly improved by the use of PRIDis finding was demonstrated for several cropgl@f6], cotton
[7], tomato [8], grapevine [9] anpepper [10]. Tomato crop water use efficiency wasted by many researches
[11, 12] which proved that the PRD application senager and increase the WUE compared to well wetplants.

MATERIALS AND METHODS

Experiment Location
The experiment was carried out in the Agronomic ¥eterinary Institute Hassan lI-the Horticulturabi@plex of
Agadir in a multi-tunnel greenhouse and on an afd822 m2.

Plant Material
The used tomato is Pristyla that was grafted oauf@t’. The crop was planted in the 25th of Novemb010 and
was conducted in vertical trellising and on a sngfem. Crop cycle lasted for 8 months.

Soilless System

Soilless system consists of containers (10 m length cm depth and 40 cm width). Each containerns a
experimental unit composed of 20 plants. The usibdtsate is sandy-silty (78% sand, 19% silt andcB8g). This
later was deposed over two drainage layers: 5cnnseogravel layer and 5¢cm fine gravel layer. As darthe
separation between root sides for PRD treatmerash €ontainer consists of two juxtaposed substiitiel
containers and plants were planted on the juxtéipadine to allow root separation.

Irrigation

The irrigation was performed using double ramp dhigation system with 40 cm spaced emitters thexterate a
flow of 2l/h/emitter. Concerning PRD treatmentsjtshing was allowed throw small valves that arecpthin the
beginning of each ramp. Irrigation and fertilizationanagement were made within a fertigation statfoow

electro-valves. Daily reference evapo-transpiraidro was calculated using the De Villele formul@][1Global

radiation (GR) was measured by a pyranometer (&imbZonen model splite).

ETO (mm/j) =0, 0016 x GR (cal/m2/j) (1)

To avoid water loss, net maximum irrigation doseswitermined referring to granulometric propertéshe
substrate using the following formula:

NMD =fx (Hcc — Hpfy x Zx PSH  (2)

Where, f is the allowed water stock decrease, Hot ldpf are, respectively, field capacity and wejtipoint

substrate moistures, Z is the root depth and PStidspercentage of the wetted zone. According tustsate

physical properties, calculated NMD was equal t868. mm. Using irrigation system rainfall (4mm/hpch

irrigation supply must last 12 mn. As far as irtiga frequencies, they were variable since theyeddpon the crop
evapotanspiration (ETc)/NMD ratio. As far as irtiga frequencies, they were variable since theyeddpon the
ETc/NMD ratio.

Experimental Design

A complete randomized design was used. Three terdgwere applied. Each treatment consisted ofl@ttpand
was replicated eight times. Data were analyzedgusIiNITAB software version 15.1.1.0. Treatment meavere
separated by Tukey's testat 0.05 or lower.

Adopted Treatments

Besides control treatment that received 100% ofiéy water requirement, PRD treatment combined RRd
50% of crop water requirements, DI treatment caedi®f the combination between PRD and 50% of wertep
demand.

Measured Parameters
- Climate: Two parameters were automatically eodtinuously measured: air temperature and air dityninside
the greenhouse (ADCON Model TR1). Measures werd tseletermine vapor pressure deficit using thimdgahg
formula:

VPD=g-& 3
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The mean daily saturation vapor pressuggigeobtained using the mean between the saturaipor pressure at
the daily maximum and minimum air temperatures. dtteal vapor pressure,(és calculated according to [14].

- Stem diameter micro-variations: In order to monitoontinuously and at real time, stem diameter onicr
variations, linear variable transducer (LVDT) semss(Sifatron Model D.F. 2.5) were used as indicatof plant
water status in tomato. Indices derived from cardirs stem diameter micro-variations data have degaloped to
interpret these data. Maximum daily shrinkage (MBShe studied parameter and was calculated adiffieeence
between maximum daily stem diameter (MXSD) and itiasimum daily stem diameter (MNSD)[15, 16]. The
Signal intensity values were calculated as the m@tiun-watered plant MDS to well-watered plant M[23].

- Stomatal conductance: Its weekly measurements wertormed using a porometer (Leaf Porometer, SC1,
Decagon, USA) and occurred between 12:00 and 14:00.

- Root profile: At the end of the trial period, rqobfiles were performed using a grid (80cm x 20evith (5cm x
5cm) sized mesh. The grid was introduced in thestsate at 15 cm far from the stem and appearints r(@ < 2
mm and &> 2 mm) were counted.

- Water use efficiency: It was calculated as theorh#tween total produced weighted yield and thal ®ipplied
water volume.

RESULTS AND DISCUSSION

Greenhouse Climate

The end of the first month after transplanting iarmacterized by a continuous temperature decrbasdasted for
three months: December that coincided with thers@duss flowering, January and February which cdied with
the Ninth truss flowering. At the end of that peiiaveraged temperature reached 15°C and begac@ase trend
during the remaining period of crop cycle. As farnvapor pressure deficit average is concernedniged between
0.5 kPa and 8 kPa and presented many peaks dwindalgs where temperature reached its highest vallige
maximum diurnal VPD values (10.5 kPa,), for insggneas reached during the2df June 2011 (Fig. 1).
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Figure 1. Daily averaged air temperature and vapopressure deficit inside the greenhouse during diffent crop stages (F2-F6: flowering
of the 2nd and the 6th trusses, H2-H9: harvest ohe 2nd and 9th trusses, END: crop cycle end, DAT:ay after transplanting)

Stomatal conductance

Stomatal conductance monitoring during trial peribdws a continuous decrease trend beginning id2i& day
after transplanting (Fig. 2). The stomatal aperiarafluenced by the weather [18, 19] which expgathat noted
decrease is a response to the increased air VHABeike greenhouse. It should be noticed that dulaw
evaporative demand period (air temperatu9°C), PRD treatment had the highest stomatal wctadce while DI
stomatal conductance decrease reached 24% indjoatiter shortage stress signs. In response toighechimatic
demand (air temperature > 25°C), PRD stomatal cttadae decreases by 48% compared to control while D
stomatal aperture was equal to control. The treatmesponse speed toward air temperature changegedhby
curve slopes of fig. 2 indicates that PRD presettiedastest answer whereas DI had the slowest one.

Abscissic acid (ABA) is known to be one of the caments involved in the stomatal conductance comasdhe soll
dries [20, 21]. Comparing DI to PRD ABA productiomany researches proved that tomatoes grown in the
greenhouse with PRD produced more ABA than DI gl§2P] which create that greater stomatal sengitivi PRD
plants to atmospheric vapour pressure deficit coethém DI plants [23]. Other researchers went mdosecto
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explain that alternation events allow such incréeas®BA concentration which occurs following re-waing events
of dry soil liberating, thus, ABA pulses accumuthte the dry side during dry period of alternaterents [24].

Regarding the lack of statistically significantfdience, this finding was also reported by severatarchers and
could be explained, in one hand, by measuremeniraawe with respect to the alternation events anthe other

hand, by the timing of those measurements withifferdint treatments for which it is impossible tovea
simultaneous measurements [25, 26].
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Figure 2. Leaf stomatal conductance variation for dferent treatments: Presented values are mean +atdard deviation of eight
replications

Stem diameter micro-variations

During the low and moderate evaporative demandggi¥PD < 2kPa), the PRD signal intensity is almost higher
than DI showing that the former is less stressad the later. The opposite occurs during high esatppe demand
period (VPD > 2kPa) indicating that DI is more sged than the second one since water shortagescansecrease
of the daily stem shrinkage which is a water stsdga when added to high evaporative demand camgiti[27].
Hence and in accordance with previous results coitgg stomatal conductance parameter it seemsthinatigh
greater transpiration restriction resulting in arenstrict stomatal closure, PRD stem shrinkagenedsced showing
that it is more resistant to high climatic demarfteveas its stomatal conductance remains highenglunoderate
climatic demand period. That responsiveness towaegnhouse climate variations during the trial gubproves
that PRD is more sensitive to VPD variations whgless noticeable for DI treatment.
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Figure 3. Signal intensity variation during crop cycle

Root profiles

Compared to the control, the number of root hadianjeter< 2 mm) of both treatments (PRD and DI) recorded
respective increases of 90% and 11%. The watecitéfs, thus, improved root initiation in order dobstitute
water shortage through the exploration of a lasgdastrate volume. The bigger the root’s surface,dhe more the
nutrients and water can be absorbed, and the rhereaw roots grow [28]. Hence, PRD strategy enb@moot
activity and development as confirmed by severtti@s [29, 30, 31, 32, 33].
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Table 1. Root Number (g< 2mm) counted through rooprofile method for different treatment: PRD (dose =50% ETc - PRD), DI
(DOSE=50% ETc — DI) and control (dose = 100% ETc)

horizontal Distribution
Depth (cm)  Treat. 0-10 10-20* 20-30 30-40 40-50 50-60 * 60-70 70-80 Total

PRD 575 14,25 1425 6,00 6,25 12,7510,75 325 73
0-10cm DI 4,50 7,00 6,75 425 3,75 650 450 375 41
CONTROL 2,00 4,67 6,33 9,33 9,00 3,67 2,33 1,00 38
PRD 2,75 450 450 450 2,75 4,00 4,75 1,75 30
10-20cm DI 2,00 1,75 2,25 1,75 250 325 325 250 19
CONTROL 0,67 0,67 3,00 367 333 4,00 1,00 0,00 16
Total PRD 8,50 18,75 18,75 10,50 9,00 16,75 15550 5,00 103
(0-20cm) DI 6,50 8,75 9,00 600 625 975 7,75 625 60
CONTROL 2,67 5,33 9,33 13,0012,33 7,67 3,33 1,00 55
PRD 8,27 18,20 18,20 10,19 8,74 16,26 15,05 4,85 100
Total (%) DI 10,83 14,58 15,00 10,00 10,42 16,25 12,92 10,42 100

CONTROL 4,85 9,70 16,97 23,6422,42 13,94 6,06 1,82 100
(*): Approximate placement of the 2 emitters.

Water use efficiency

Although no statistically significant difference teen WUE of PRD and DI was found, that parametes w
improved by 16% for PRD treatment. Compared tocinatrol, both treatments registered an increasbefVUE
that reached 150% and 166% for DI and PRD treatmespectively. Hence, through PRD applying andbbiimpg
only 50% of tomato water requirements, the yield waproved by 12%. Thus, it seems that noticed iplygical
responses didn’t significantly affect the yield aihimay be explain by the fact that those paramelidrst reach
the threshold for which stomatal conductance redoctould largely diminish water losses and improve
consequently, the water use efficiency [34, 3533&8,39].

Many comparisons of the agronomic responses of BRDDI plants concluded that PRD and DI had sinaféects

on the yield of bean [40], grapevine [41, 42|d tomato [43]. Some other authors proved thatketiave been
distinct agronomic benefits of PRD irrigation in somnials since when supplied with the same amoé@intater,

PRD increased fruit or grain yield (compared withplants) by 37% in bean [44], 24% in capsicum [45]24% in

cotton [46] and 7—10% in tomato [47] which is cabasnt with our trial results.

Table 2. Water use efficiency comparison
DI PRD Control

Total water supply (I/plant) 205205 410

Total yield (kg/plant) 8 9 11

WUE (g/1) 39° 43° 26"

WUE improvement compared to control (%50 166
CONCLUSION

Physiologically the trial showed that the restdntiof water supply added to PRD strategy applicatoves the
tomato grown on soilless under greenhouse greasgstance to high evaporative demand conditioreutiir more
restriction of stomatal conductance and root itidia enhancement allowing a better water and muitrigotake.
Despite that both PRD and DI strategies improved water use efficiency compared to the control, ftrener
seems to be more efficient since WUE improvemeathied 166% compared to the control and 116% compare
DI.
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