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ABSTRACT

The aim of the work was to assess if the irrigatiarget and frequency when using Regulated Défidgation
strategy (RDI) does affect peach trees (Prunusiparf..)) in terms of crop water uptake, water weféiciency
(WUE) and Physiological responses like yield andtfquality. Six treatments were applied: the coh{{TO) and
five RDI treatments. The control received 100%hef ¢rop water requirements (ETc) with 0.8mm peigation
supply, whereas RDI100-0.4mm, RDI75-0.8mm, RDIZBh, RDI50-0.8mm, RDI50-0.4mm were respectively
irrigated at 100%, 75%, and 50% of ETc. New tedbgies have been used to help on decision making fo
irrigation such as meteo-stations, Soil moisturasee, Pulse flow meter and Telemetry system. Highedd and
good quality could be obtained with less irrigativater and adequate frequency (RDI175-0.4mm). Theahevork
recommends adopting RDI50-0.4mm in the early stagied RDI75-0.4 during fruit development, althougist
before maturity we can use RDI50-0.4 to acceletiaefruits maturity.

Keywords: Peach, Irrigation, WUE, RDI, Fruit quality.

INTRODUCTION

Demands on water resources worldwide are increassrige world population keeps growing and qualftiiving
keeps improving in many countries; world populatisrpredicted to double in the next 50 years, saigr yields
must be extracted from the current agriculturaharalong with more marginal areas [1]; It is expddhat in the
next decade several countries in the arid and sehaeeas of the globe will be under water scaroitystress [1].
Peach Prunus persicdL.)) is one of the most important temperate ftrtées grown in the world, after crops such as
apples or pears [2]. However, Souss Massa is amegith high risks regarding to water scarcityigation needs
are almost pumped from the water table which isdpalepleted by 2 meters per year [3]. For thisaeashe
optimization of irrigation efficiency using defiditrigation strategies to maintain a maximum yieldile reducing
water use is of great importance in this regionertregulated deficit irrigation (RDI) may offer approach to
save water in this woody crop by minimizing or ehating negative impacts on yield and crop revehdet].
When elaborating RDI strategy, the key is to agtigss at tolerant periods in which yield and fouitlity are not
adversely affected [7]. The impact of water strdspends on the deficit duration and its importajfge Some
authors indicated that flowering depends on thesgvwater stress applied on postharvest periedl][Also, it's
indicated that adequate irrigation management duttie rapid fruit growth stage is important in arde obtain
marketable fruit size [10], water deficit imposedridg the first stage of rapid growth significanthcrease fruit
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size at harvest [10]. Drip and subsurface irrigatieduced evaporation and improved growth and gadguction
of young peach trees over other irrigation methmmamonly used [11].

The present study was carried out for one full eeat determine the effects of irrigation schedulion

productivity of mature trees. It had as object ssems the effect of RDI strategy and irrigatiorgdiencies on
physiological parameters of old peach trees culivan open field. To achieve the objectives, wk edgmpare two
treatment that were irrigated with 100% ETM, tweatment that were irrigated with 75% ETM and tweatments
that were irrigated at 50% of peaches trees watguirements. Each of this treatment was combindd two

frequencies depending on soil capacity.

MATERIALSAND METHODS

Plant material and irrigation system
This study was conducted during one growing seasbr. experiment was carried out in the farm lewaled
Salwa, located in Morroco, Souss Region — OuledhiBeFhe concerned area is 2008.m

The materials selected for trial were commercialghes that were grafted on “GF667”. The crop wae gears old
planted at a spacing of 5 x 3m (density of 667 {glgner hectare) and was trained like a vase-shapedvith no
central leader, but, several major branches angl@asd and upward from the top of the trunk.

The irrigation was applied using double drip linghwr5 cm spaced emitters dripping a flow of 4 Ufnigation and
fertilization management were made within a fetia station throw electro-valves. Daily refereneeapo-
transpiration ETo was calculated using the Penmmammteith formula [12].

Crop water use was calculated as folowing:

Etc= ETO x Kc (1)

Where ETO and Kc represent the reference evapgiratisn and crop coefficient.

To avoid water loses, net maximum irrigation dos&s wletermined referring to granulometric propertéshe
substrate using the following formula

NMD = f x (Hcc — Hpf) x Z x PSH (2)

Where, fis the allowed water stock decrease (164, and Hpf are, respectively, field capacity aralting point
substrate moistures, Z is the root depth and P$htipercentage of the wetted zone.

Experimental Design
These experiments were conducted with a completdoraized design as showing in Fig. 1. Six treatsevire
then applied. Each treatment contains 5 plantsipiémwith four repetitions for each treatment.

Fig. 1: Experimental design with complete randomized plot
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In This work, treatments were adopted as following:
Besides the two controls treatments that recei@¥d of their daily water requirement, four Defikitigation (DI)
treatments were applied:

-T1: First control (C1) that receives 100% of crop watgjuirements with an irrigation dose of 0,8mm pach
water supply.

-T2: Second control (C2) that receives 100% of cropewetquirements but adopting a dose of 0,4mm pehn ea
water supply.

-T3: treatment combined RDI with 75% of crop water iegments and an irrigation dose of 0,8 mm per eater
supply (RDI75-0.8mm).

-T4: treatment combined RDI with 75% of crop water ieguents and an irrigation dose of 0,4 mm per eeater
supply (RDI75-0.4mm).

-T5: Treatment combined RDI with 50% of crop water fegments and an irrigation dose of 0,8 mm per each
water supply (RDI50-0.8mm).

-T6: Treatment combined RDI with 50% of crop water iegments and an irrigation dose of 0,4 mm per each
water supply (RDI50-0.4mm).

Two parameters were automatically and continuousbasured: temperature and air relative humidity Q&I
Model TR1) (Fig. 2). Measures were used to detegmaapor pressure deficit using the following foraul

VPD=¢g-8& 3
Where, gis the saturation vapor pressure at a given aipégature and,és the actual vapor pressure.

-Irrigation water balance and water use efficien@gwalculated as the ratio between total produiedd sind total
supplied water volume.

- Fruits number after first and second fruits thimgnin

- Fruit growing between 15/03/2012 au 10/04/2012

-Total and cumulative yield (7 harvesting operatjons

- Fruit quality

Fig. 2: Measuring tools used in the experiment: (A) Soil moisture sensor FDR, (B) Pulse flow meter, (C) Telemetry system and
transmission unit

Statistical analysis for growth and production warelyzed by using MINITAB software ver 15.1. Traants
comparison includes an analysis of variance (ANOYWith a single classification criterion for eadhacacter. The
data obtained was analyzed statistically and siganite was calculated at p < 0.05 and p< 0.01d4enfgbrobability.
Each value is mean of four replicates.

RESULTSAND DISCUSSION

Climate and water supply

The Fig.3 shows that the daily air vapor pressefecil and ETo values fluctuated, increasing fréva beginning of
the measurement period. The end of the first mohthe year is characterized by a continuous VP&rasese that
lasted for five months. At the end of that periaderaged diurnal VPD reached 5kPa and began asasertrend
during the remaining period of crop cycle. The vap@ssure deficit presented many peaks during évgiporative
demand period that started in the #@y of the year. It reached its maximum level (10k@a) during the 141
day of the year. Those VPD variations have a dieffeict on the potential evapotranspiration lebel follows the
same trend since the 12dlay where it began to increase during almostéhgaming crop cycle period.
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Fig. 3: Air Vapor pressuredeficit (VPD, dashed line), Crop reference evapotranspiration (ETo, Solid lin€) during the year of thetrial.

In this study water wasupplied in the active season betw10 February and 28ctobe (257days), water supply
was daily quantified by usingulse Flow Neter for each treatment. ThEable 1) summarize total supply for each
treatment.

Table 1: Water requirement satisfaction, amount of water per irrigation and total supply of water for all treatments

Treatment Water requirement satisfaction  Dose of irrigation in mm/Supply  Total supply in mm
T1(C1 100% 0.8 565.6
T2(C2) 100% 0.4 559.6
T3 (RDI 75-0.8mm) 75% 0.8 424.0
T4 (RDI 75-0.4mm) 75% 0.4 424.4
T5 (RDI50-0.8mm) 50% 0.8 282.4
T6 (RDI50-0.4mm) 50% 0.4 282.8

The total water supply fanature peac was evaluated at 565.6mm (2.2mm/dafyjvater during the growing seas
(February to OctoberA study was conducted in central California (Satmate as Souss Massa) David & all.
[11] to compare the effect of tligpe of irrigationin growth and early prodtion of peach, the total supply trwas
applied is between 233 and 7#@m/year. In comparison with the water need for meatpeach reported
Goldhamer & Snyder [13fhe total weer requirement is approximately 8B0m, this value ishigher, it can be
explained by the scheduling of irrigat adapted in this study.

In our study the total crop referenevapotranspiration was about 1370 pand the rainfall doesn’t exceed 53r
during the trial period.

Produced yield
Fruits number
To evaluate the impact oeégulated deficit irrigationRDI) on yield, the fruits numbevas counted (Fig. 4).

The statistical analysis of the data shows that frumbers is significantly affected by the irrigat target an
frequency.Moreover, the treatment T1, T4, and T5 has givemenfiwits than others treatments (between 160
180 fruits), then T2 and T@ave a small fruit number (Between 120 and 140je ffial conducted by Li & a [10]
to evaluate the effect off the water stress int fofiipeach, founds that the number of fruits caratiected by wate
stress, fruit numbers can varied from 8380 fruits per tree. Lopez & aljl14] reported that fruit load ranged frc
90 to 450 fuits / tree.

Fruit quality and size
To know if RDI affects the fruit size, measuremanft fruit was made before harvest (from 15/03/20d:
09/04/2011). Fig. 5 ishowing the obtained results after statistical ysia
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Fig. 4: Registered fruitsnumber for each treatment: T3, T4, T5, T6 and controls T1 & T2 after the second thinning out
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Fig. 5. Fruitsszedistribution of peach from treesirrigated by T1, T2, T3, T4 T5 and T6. M easurements wer e made befor e fruit
harvesting

In the present study, the most effective irrigatiarget and frequency, can affect final fruit sirefact, irrigation
treatment can increase the fruit size average,ceethie number of non marketable fruit, and improagketable
yield.

Statistical analysis confirms that we can obtaindyéruit size with less irrigation supply, the TWegthe best size
(from 36 to 40mmy, and the second fruit size has given by T1 and Tb mispectively 36.20 mm and 36.7 mm.

The study that was conducted by Li & 4ll0] shows that seasonal fruit growth of peachesvsha classical pattern
of tree distinct growth period, and the water stresposed on trees did not influence fruit growtttiluhe end of
the second phenological season. Fruit size wasidemably improved by the treatment water stresshenfirst
stage of development. This consequence confirmesghét obtained in our study.

Harvest and yield effect
To understand the effect of RDI on harvesting aiettlyof peaches trees, we counted the number oEbkted fruits

(Fig. 6).

Fig. 6 is showing that for all the treatments tlaeviested fruits are following the same variationtHe first harvest
no significant difference between treatments wasepked, but we can see that T5 was better perfgrimirthe
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second harvest, thus, this treatment is given gy eeturity. In fact, the number of harvested fsuraries from 200
to 280 fruits in the first harvest, and from 4500 fruits in the third harvest.

Significant differences between treatments haven lmserved in the number of harvested fruits in4fand %'
harvest. It's evident that T4 is the best treatmfzam the point of view of fruits number, followdxy T5.

Fruits number is affected by several stress cabgeRDI corresponding to T6 irrigation schedulinigettefore this

treatment gives the less number of fruits ovehailests.
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Fig. 6. Evolution of harvested fruits of peachestreesirrigated with T1, T2, T3, T4 T5 and T6. M easurements wer e made after each fruits
harvesting in seven different days

This result was perfectly confirmed by Garcia &.dll4], they found that the RDI during stage Il of fruit
development is also associated to the benefitchfgiag the labor, water supply, and giving impottanit size. But

a long application of RDI after stage Il of fruiewklopment can have negative effects Gironall&[15]. Taking
into account our results and previous researchrtieganegative long-term effect following deficirigation [16], it
seems that the RDI corresponding to the T6 is &t &xample showing this negative effect.

Harvest quality
The quality can be judged from several criteriahsas, the earliness maturity, number of fruit lpenvest and fruit
size. The Fig. 7 & 8 show the average of harveltéts and marketable size for each treatment.
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Fig. 7: Average of harvested Fruitsfrom peachestreesirrigated by T1, T2, T3, T4 T5 and T6. M easur ements wer e made after each fruit
harvesting in seven different days

To understand the effect of irrigation schedulimgpgaches quality, the average of harvested ft® counted
and compared in the Fi@. It's shown that RDI75-0.4mm is the best regime@jves a lot of fruits and good average
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per harvest (113.8fruits/harvest), RDI50-0.8 corimeshe second position with (103.2 fruits/harvest).the last
position we find T6 with (85.3 Fruits/harvest).

Other criteria were analyzed to evaluate the eféddtrigation scheduling on fruits quality; thegri8 is showing
statistical analysis of fruit size.
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Fig. 8. Fruitssize average from peachestreesirrigated by T1, T2, T3, T4 T5 and T6. M easurements were made after each fruit
harvesting in seven different date

The same quality status were observed when anglyhimaverage of harvested fruits, we can obséatethe RDI
relative to T4 is giving the biggest size of madtde fruits (average =37.7mm) with less fruit siziability
(between 35.0mm and 40.6mm), followed by RDI50-0T4) with (average =36.7mm) and more fruit size
heterogeneity (from 34.1mm to 40.7mm).

The RDI that gives more fruits homogeneity is RDR) with average of marketable fruits (from 35.2nton
38.3mm). However, the result obtained by RDI —Tbveh that this one is not suitable to irrigate peachWhen
irrigation intervals are long, soil water contesidiepleted and trees are exposed to higher leweatsr stress [17]
Even mild water stress can induce fresh fruit weiglss and lower profit at harvest as reported leynan &
DeJong[18]. In other ways, our results were confirmed by othathors[19, 20], they found that high frequency
irrigations using surface and subsurface drip nmeetenhanced fruit development.

CONCLUSION

The trial showed that the targets and frequenggdiead with RDI strategy affected considerably gigysiological

parameters of peaches orchard. In fact, applyifg 60water requirements with 0.4 mm per applicattan give a
satisfactory result like the example of RDI50-0.4r(i6), but the best performance in quality and djtyacan be

obtained with RDI75-0.4mm corresponding to T4 wi? of water requirement and higher frequency atran.

Storage depletion within the dry side of rootzoeerss to enhance water shortage resistance. RDAfa®appears
more productive and more efficient, then, it parierthe highest water use efficiency (WUE). In ting,ehigher
yield and good quality can be obtained with lesigdtion water and adequate frequency. In fachawee a good
yield but saving water, we must combine more tha& scheduling and deficit strategy, we recommerndextiopt

RDI50-0.4mm in the early stages, then RDI75-0.4irdpfruit development, and just before harvest ae ase
RDI50-0.4 to accelerate the fruits maturity.
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