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ABSTRACT

The objective of the work was to assess the efbégiartial rootzone drying (PRD) strategy's altation frequency
on some agronomic responses of a tomato crop atétivin greenhouse and on a sandy substrate. Treagments
were applied: a control and two PRD treatments. Thetrol (TO) received 100% of water requirementslevT3

and T4 were irrigated at 50% of water requiremefiisose two treatments were alternated at 20% afd 40dry

side water storage depletion, respectively. Thetrobrregistered the highest yield but the lowesttenause
efficiency while T4 produced 15% more than T3. Caneqb to the control, PRD treatment leaf area wasrdased
and T4 had 27% higher leaf area than T3. Biomasglpction reached its higher levels for T3 and rbmmass
accumulation is greater than stem, leaf and fruitstal soluble solid concentration and acidity & fruits was
25% as higher as T4 and the control.
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INTRODUCTION

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

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

(PRI) or partial root-zone drying (PRD) have beeoppsed as an agronomic practice for more efficieat of the
limited water resources ([1],[2]). The PRD is pdianhwater saving irrigation strategy that utilizent-to-shoot
chemical signaling mechanisms to influence shogsigfogy. When the crop is irrigated, soil on oolye side of
the row receives water while the other is allowediy [3]. At each irrigation time, only a part thie rhizosphere is
wetted while the other side is kept dry [4].

Regarding the alternation frequency, some researa@monstrated that prolonged drying of one cotmpant of

the root system eventually diminished the effeétsheemical signals on stomatal conductance [5] atemuptake
from this compartment contributed proportionallgdeo the transpiration stream [6]. Other scientisinfirmed that
prolonged exposure of roots to drying soil may eaasatomical changes in the roots, such as subenzaf the

epidermis, collapse of the cortex, and loss of gleet secondary roots [7]. Therefore, some of tlstnmportant
question is: since that alternation period is spdrtant, what would be the effects of differeneaiation periods on
the production and on other agronomic parameters.

In the frame of such reflection and with the golahiswering, even partially, to that question, experiment was
carried out. It had as objective to assess theteffetwo alternation frequencies on agronomic peaiers of tomato
crop cultivated under greenhouse and on soillebs. dlternation frequencies were fixed through peege of
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water storage depletion within the dry side of sodience, two treatments T3 and T4 were alternattét% and
40% of dry side water storage depletion, respelgtive

MATERIALS AND METHODS

2.1. Experiment Location
The experiment was carried out in the Agronomic ¥eterinary Institute Hassan |- the Horticultu@dmplex of
Agadir in a multi-tunnel greenhouse and on an afé822 .

2.2. Plant Material
The used tomato cultivar i®tistyla’ that was grafted on ‘beaufort’. The crop was péahin 23' November 2010
and was conducted in vertical trellising and oimgls stem. Crop cycle lasted for 8 months.

2.3. 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 andcBdg). This
later was deposed over two drainage layers: 5 canseogravel layer and 5 cm fine gravel layer. Asas the
separation between root sides for PRD treatmersish e€ontainer consists of two juxtaposed substiitiesl
containers and plants were planted on the juxtéipadine to allow root separation.

2.4, 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-transpiratiofo was calculated using the De Villele formuld. [&lobal
radiation was measured by a pyranometer (kipp amgZ model splite). ETO (mm/j) = 0,0016 x Rg l/fo/))

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

NMD = f x (Hcc — Hpf) x Z x PSH

Where, fis the allowed water stock decrease (16%¢,and Hpf are, respectively, field capacity aralting point
substrate moistures, Z is the root depth and PSthdspercentage 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
Etc/NMD ratio.

2.5. Experimental Design

A complete randomized design was used. Five traasngere applied. Each treatment consisted of aftpland
was replicated eight times. Data were analyzedgusIiNITAB software version 15.1.1.0. Treatment meavere
separated by Tukey's test ak®.05.

2.6. Adopted Treatments
Besides control treatment (TO) that received 100%salaily water requirement, two PRD treatmen&evadopted:

T3: That treatment receives 50% of water requirdmand is alternated at 20% of substrate wateagéodepletion.
T4: It was irrigated at 50% of tomato water requiemts and alternated at 40% of substrate wateaggadepletion.

2.7. Measured Parameters

a) Leaf area: Leaf area measurement was performeldeo®®, 34" and 37" using a leaf area meter.

b) Cumulative yield: 28 harvests were achieved begimoin 27" November 2011. During each harvest, fruits were
weighted and counted in order to determine cunudadind total produced yield.

c) Water use efficiency: It was calculated as theorhétween total produced yield and total supplietewvolume
and expressed as g of fresh yielded fruits /I pptied water irrigation.

d) Dry matter production: At the end of the crop cydlgo plants per experimental unit (16 plants paatment)
were removed and all plant organs (stem, root, feait) were weighted to determine their fresh gieithen put in

an oven at 65°C. When a constant mass was reasteqbles were re-weighted to determine their dryghteiFor
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each organ, dry matter production or dry biomasslyction was calculated as the ratio between thevdight on
the fresh one.

- Fruit quality: The fruit quality was assessed tlgloutotal soluble solids and titratable acidity (#)dtable
acidity: To obtain titratable acidity, a 10 g frefshit sample was liquefied with 10 ml of distilledater. A 10ml of
aliquot was taken and titrated with NaOH 0.01N,hwithenolphthalein as an indicator of pH changerafidble
acidity was calculated as a percentage of citrid.ac

- Total soluble solids: Total soluble solids contefitfresh undiluted juice was measured using a helddh
refractometer and is expressed in °brix.

RESULTS AND DISCUSSION

3.1. Internal greenhouse climate
The greenhouse climate is characterized by a laag@tion within the time. The end of the first nlorafter
planting is characterized by a continuous VPD desmethat lasted for three months. At the end df plesiod,
averaged diurnal VPD reached 3 kPa and began asase trend during the remaining period of crodecythe
vapor pressure deficit presented many peaks dunigly evaporative demand period that started in10®' day
after planting. It reached its maximum level (8 kBaring the 27% day after planting. Therefore, and according to
thermal preferences of tomato crop, it can be dedlubat, beginning from the 10bf the crop cycle, climatic
conditions were no longer suitable for optimal gtioand production ([9], [10]).

8 -

7 -

6

Vapor pressure deficit (kPa)
N

22 42 62 82 102 122 142 162 182 202 222 242 262 282

Day after planting
Figure 1. Vapor pressure deficit variation during the crop cycle inside the experimental greenhouse

3.2. Produced Yield and water use efficiency

The Control performed the highest total yield (2Z78a). Statistically, there was a high significaifference (P =
0,000007< 0,001) between the control and PRD treatments.c&omg T4 and T3, produced yields were,
respectively, 182T/ha and 159T/ha. Hence, the éxyeeit result showed a decrease of PRD treatmelut lyie64%
compared to the control which is far from some pttesearches that proved no significant differebeeveen
control and PRD treatment production ([11], [1Z]3]). That yield decline could be explained by feswabortion
that we noticed during the experiment and is aclaginsequence of water and nutrient shortage. AagePRD
treatment comparison and despite there is no gignif difference, T4 performed 15% higher yieldntfie8 which
could be related to root to shoot chemical signaldact, T4 stomatal conductance and maximum dgtinkage
study (results not shown) proved higher water fesgiction than T3 through more strict stomatakaire.
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Figure 2. Cumulative produced yield of different treatments: T4 @), T3 () and control (@)

Concerning water use efficiency, it was evaluatederms of yield and total supplied water volumée Teast
irrigated treatments (T3 and T4) were the mostcigffit since they were, respectively, 114% and 130&6e

efficient than the control. In addition, T4 whichless alternated seems to be more efficient ti®armTfiat result is
consistent with many other researches showingaibsdissic acid (hormone responsible of stomatalck) of PRD
root increases as soil water content declines laadphotosynthesis’s decrease is not linearlyedlad the stomatal
conductance one which leads to WUE improvement eoetbto well watered plants.
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Figure 3. Performed water use efficiency of differst treatments

3.3. Plant Growth

a) Plant height: The used cultivar is of undetermigedwth type. That's why the height curve is continsly
increasing during the crop cycle. As far as hegant comparison, Treatment receiving less wat8r TB) showed
the lowest plant height. Experimental evidence shtvat shoot growth can be restricted by mechansmsot—
shoot chemical signaling, even when tissue wattantial is constant [14].

b) Leaf area: Leaf area parameter registers signifidifference between the control and PRD treatmants
seems to be more precise to describe plant grow®]. [The comparison between PRD treatment leafsarea
measured in the 283day after planting indicates that T4 developed%7arger leaves than T3 since plant leaf
number was similar. Thereby, water shortage leviiénced plant growth not only when comparing ocanand
PRD treatments but also within PRD treatments witighld explain the noticed yield differences. Otheports
proved that leaf area decrease is linearly relatedtess level such as [11] who confirmed that tplaaf area
decreased by 15%, 39%, and 42% for PRD90, PRD7MP&M1b0, respectively. That conclusion could prdves t
T3 plant treatment sense more stress than thob& which is consistant with yield parameter pregigudiscussed.
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Figure 4. Vegetative growth comparison: height (Aand leaf area (B) of different treatments. Presentévalues are mean of
eight replications and sixteen samples.

3.4. Dry Matter Production

Comparing the general trend of dry matter productigthin different organs, it can be concluded tihabcreases
similarly for all plant part then declines at thedeof the measurement period. That decrease ceuldthbuted, in
one hand, to plant age and in the other hand,tésrial greenhouse climate (Figure.1) as that pesfothe crop
cycle matches with June month when the vapor presieficit reaches its maxima that widely exceedP2.

Leaf and stem dry matter variation graph showsstme trends at different date measurement. In factoth
organs, T3 generated more dry matter than T4 amddntrol at lower VPD level (2,7 kPa and 1kPa)leviihat
difference was not significant at higher VPD levéts kPa). The control is the lowest dry matter picitve
treatment not only comparing stem and leaf dry emdttit also root and fruit one.

As far as root and fruit dry matter partitioning,a@d D graphs show that when VPD values were abddra, T3
accumulated higher amount of dry matter than T4 thedcontrol. Nevertheless, at high VPD levels,fiidt and
especially root accumulated higher dry matter tharand the control which could explain the notidéerence of
produced yield between T4 and T3 as previously ioeatl. The exposure of roots to soil drying andvestering
seems increasing root growth, which may enhancehiomass production [16]. Besides, [17] confirntledt, even
when water stress decrease plant biomass, itsaéitbocto roots remains greater than to other org@asnparing
PRD treatment and the control, fruit dry matter duction difference could be attributed to the eleat
conductivity increase because of water restrictidrich stimulates higher dry matter per fruit [18Yhile the
experiment results shows that the conventionajatad control treatment generated the lowest drigemavithin
different plant parts, [19] and several other resees proved that such treatment is the most dtyemproductive.
Lastly, it is important to notice that the commasponse was fruit dry matter partitioning that wastinuously
enhanced although other organ dry matter contesredse especially at the end of the crop cycle.
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Figure 5. Leaf (A), Stem (B), Root (C) and fruit(D) dry matter content

3.5. Fruit quality

a. Total soluble solids

As shown in the graph below, total soluble sol(TSS) production in T3 fruits i25% higher than T4 and the
control which is consistent with previous reported re: ([20] and [21])Such difference could be explained
additionalwater shortage applied to . In fact, other results of the same experiment ¢hown result) proved th
T4 resulted in higher water loss restriction th&hahd the contrc[22]. Thatexcess of water lo leads to phloem
water removal andherefore, to the increase of fruit supplied soktoncentratioi([23], [24]).

ETO oT3 oT4

a a a
ab b ab ab

° Brix

N W~ 01O
|

Bouquet 14 Bouquet 17 Bouquet 19

Figure 6. Total soluble solids content of fruit

b. Acidity

According to the graph belovruit titratable acidity level was not significantiijfferent except that of the ™ truss.
Even though, the control produced less acid friigs other treatmer and T3 fruits were more acid than oth
while T4 praluced fruits of medium acidit‘According to [11], well watered treatmenmtoduces higher acid fruits
which is not consistent withur experiment resu. [25] pointed out that tomatoes described as “greattaste

characterized by their low level of titratable atyicand hgh total soluble solids content which could beilatied to
T3 fruits.
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Figure 7. fruit Acidity comparison

CONCLUSION

The trial showed that the variation of alternatfoequencies applied with PRD strategy affected agpnomic
parameters of tomato g@oln fact, applying 50%of water requirements with alternation at 40% otewastorage
depletion within the dry side of roenhanced PRD produced yield, leaf aasa WUEbut negatively affect dry
matter production and fruit quality.
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