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Abstract

Water scarcity in arid and semi-arid regions is one of the fundamental and persistent challenges to the sustainability of
horticultural production. In recent years, climate change, rising temperatures, and declining rainfall have intensified the
pressure on both surface and groundwater resources. These conditions have made the need for intelligent and efficient
water management in horticulture more critical than ever. The present study aims to propose practical strategies for
sustainable water management in orchards located in Iran’s dry regions, focusing on three innovative irrigation
techniques: Regulated Deficit Irrigation (RDI), Partial Root-zone Drying (PRD), and Subsurface Drip Irrigation (SDI).
These methods, through precise control of irrigation timing and volume, can reduce water consumption by 30-50%
without significant yield loss and, in some cases, even enhance product quality. In the RDI method, specific growth stages
of the plant are deliberately subjected to limited water stress to increase water use efficiency. The PRD method involves
irrigating only part of the root zone while keeping the other part dry, stimulating physiological responses that reduce
water consumption. The SDI system delivers water directly to the root zone below the soil surface, minimizing surface
evaporation. Successful implementation of these approaches requires continuous soil moisture monitoring using tools
such as tensiometers and moisture sensors, the use of accurate climatic data for irrigation scheduling, and hands-on
training for orchardists. Findings indicate that integrating these irrigation techniques with supportive policies such as
financial incentives, field-based education, and digital extension services can significantly improve water productivity,
reduce pressure on groundwater resources, and enhance the resilience of horticultural production against drought.
Ultimately, it is recommended that agricultural managers and policymakers focus on developing smart irrigation systems,
modernizing outdated irrigation networks, and promoting farmer participation in local decision-making to facilitate the
transition toward sustainable horticulture in the country’s dry regions.
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Figure 1. Water losses in the agricultural sector (Chartzoulakis, 2021)
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Figure 2. Crop yield response to water (Chartzoulakis, 2021)
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Table 2. Practical evaluation of crop stress indices in orchards in dry regions of Iran

olpl Sz gble Glel jo Jpame (iid sl asls 60,05 oL, .Y Jgoo

39 Oy 0,5

RDI / PRD

olnl 5o el cosguxe

| KW LN

08ls Cllild p g

G L | el

Slegl sl colo — 4yl jlaia (ol s

(80,8 45 4 alesly jles

Ja,.uy >‘°"’“‘>ﬁ > oanlive

“j).n&))obf)"blb

AR el o cudly ( 5o e
(Chartzoulakis, 2021) S¢S it i o WDle 59 Gy B o9 Jlael S ok
> 5y
sl b slados ¢l5e sl avog | Heilnl el o )T oSws | alasd 385 adeid | g lid b 5,805l : "
4 - ' , _ Spol desily
T RTIN] T o Eg Sy
oYLl cds
S g g dey SLEL sy Gl Olpl po oguzme (69l | ) 15 25 asss | g kel S con e b il 1
Slyela RDI & 0w Gl pesls el s aieild | (itieret s Sloe cdl (Dendrometer)
al., 1993)

sz 5 o slejls Lawgs 1,21 L5

aSh 5 pyal Gh3lop 4 LS

9 &g Ol Ol

L 90 ol 5l Sromiw

LS Lidg sles

sladhaie (2o laie sl (5)9les skl slod et Sl o9 Goy8 Hole S5 50 9)
_ . , | Srae B il i _ , Sap &L%o .5 oL
adgl (3lwsSl 5 (Slado sloosgy jo had| Wb Ay e (OleS (5)0ld L oy o A5 (G9) S el (Sap @gl OJ;M o
oL 9 < ow

o8l sl pol - ¥

wlS ‘5.’] 5L 0yl sl Gloreas (and8l slo ol b 5l soliiwl o 5,5 b lawgie GEL mhaw o > g ladlhie sla wlis )
o Cugby s plas &‘9"5%’] ooty < ybs, ol yo (Allen et al., 1998) el (5,lol o3, a0l Jolaie slais, 5l (SO
ok 2l 28y s o BLS upd 0 0 b e 5 005 (BTo) o 5505 = ooed S¥olas o)l gy (il 5 ol s pos
Sis bl [0 ohgas ¢ soud8l Dledbl 5l oolasul ¢l uLo (Chartzoulakis, 2021; Berhe et al., 2022) 55,5 oo awloxo(ETe)

dlbuus) )| 6|MLQA (Y) dea- Q).».f )‘).9 6)L\JT rg.:ﬁ.a.: ‘5>‘]-b LgLMA J.:‘}J‘Sa ol J.:J.)u&al G»L.w‘gb dl.bcb‘o L gs“")"‘”‘"“> as
slotiloles 4 ools oyl JLasl a5 5o o i 5 am3 o ail1 1, ol St sblie SEL o onldl lo el byl LT 5o cpmens

oS! Hlul > 505 (Lo ,S aiile ol Sz sblin jo aSol arazgi b and dgupn 1) slae 0 (6 oS pronal Wilgi o (B0 l0iin
(ol Gl Lol w8 18 llacl Lasl o (g cow Jiu b SMS) lasbele & yg0a Slgs oo g, cnl )l 9529 Jlad o ldl
ol 48550 (6 S el s 43 Lol Jlasl sue

olpl Sz 3ble o ol L_,;J RO RPN - YUY S FRCSUR L g PRES
Table 3. Application of climatic parameters in determining plant water requirements in arid regions of Iran
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Table 4. Application of soil water balance model in orchards in arid regions of Iran
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1. Water Conservation Equation
2. Readily Available Water
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Table 5. Obstacles and requirements for implementing irrigation planning based on soil water balance
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Table 6. Irrigation water, yield and water use efficiency in kiwi irrigated with different systems (Chartzoulakis et al., 1991)

Iericati ¢ i 1 WUE
rrigation system (mm) Water used Yield (kg tree™) (kg mm'l)
Drip 340 332a 4.00 a
Micro-sprinkler 477 309a 2.65b
Overhead sprinkler 782 346a 181¢
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1. Regulated Deficit Irrigation
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Figure 3. Typical branch and fruit growth pattern for peach and adjusted drought application period (Chartzoulakis, 2021)
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1. Partial Root Drying
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Figure 4. Graphical model of full irrigation (FI), subsurface drip irrigation (SDI), regulated deficit irrigation (RDI), and partial root
drying (PRD) strategies in fruit trees (Galindoa et al., 2018)
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1. Subsurface drip irrigation (SDI)
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