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Extended abstract
Introduction
Optimizing irrigation in arid regions is a crucial strategy for sustainable crop production. Quinoa, due
to its high tolerance to drought, represents a promising alternative crop. Understanding its physiological
and yield responses to deficit irrigation can enhance water-use efficiency in semi-arid systems.

Materials and methods

A field experiment was conducted during 2021 in Birjand and Sarbisheh, South Khorasan Province, Iran.
The study was arranged as a split-plot based on a randomized complete block design with three
replications. The main factor consisted of nine irrigation regimes, including 100%, 75%, and 50% of crop
water requirement under both conventional and partial root-zone drying (PRD) methods—fixed and
alternating after one or two irrigation cycles. The sub-plot factor included two quinoa cultivars, Titicaca
and Giza-1. Measured traits included plant height, leaf area, fresh and dry weights of total aerial biomass,
and relative water content (RWC). Data were analyzed using SAS software.

Results and discussion

Analysis of variance revealed significant effects of irrigation regime, cultivar, and their interactions on
most measured traits. Grain yield, plant height, relative leaf water content and leaf area decreased
progressively under higher drought intensity, but moderate deficit irrigation (75% ETc) under
alternating PRD after one or two irrigation cycles, maintained growth comparable to full irrigation. The
Giza-1 cultivar exhibited greater adaptability and vigor than Titicaca across both locations, particularly
under moderate water limitation. Fresh and dry weights of aerial organs followed similar trends. Plants
exposed to alternating PRD retained higher biomass accumulation and grain yield than those under
conventional irrigation at equivalent deficit levels. Grain yield under partial root-zone drying (PRD) is
often better maintained compared with uniform deficit irrigation, as alternating wet and dry root zones
enhance ABA signaling and support more stable grain filling under water-limited conditions (Kang and
Zhang, 2004). This improvement may be attributed to balanced root signaling, enhanced stomatal
regulation, and improved osmotic adjustment mechanisms (Naderi et al., 2016; Chandra et al., 2018).
Higher leaf relative water content (RWC) in alternating PRD treatments (75% ETc) suggests improved
plant hydration and efficient water redistribution within the rhizosphere, confirming that partial root
drying can induce systemic tolerance responses without excessive water loss (Wakrim et al., 2015). The
observed maintenance of leaf area and turgor under alternating PRD supports the hypothesis that
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controlled soil drying stimulates abscisic acid (ABA) synthesis in drying roots, which limits transpiration
while sustaining photosynthesis. As a result, fresh and dry biomass, showed minimal reduction
compared with the 100% irrigation control. Conversely, conventional irrigation at 50% ETc caused a
marked decline in all growth parameters, highlighting the physiological limitations when both root
zones experience continuous stress. Changes in RWC and leaf area were strongly associated with fresh
biomass, suggesting that maintaining tissue hydration is key to sustaining growth under moderate water
deficit. These findings align with those of Razzaghi et al. (2020) and Mirsafi et al. (2024), who reported
similar adaptive responses in quinoa under deficit irrigation. Giza-1 superior growth performance,
especially in Birjand’s lighter-textured soils, reflects genotype-specific root plasticity and efficient
osmotic adjustment mechanisms enhancing drought resilience.

Conclusion

This study demonstrated that deficit irrigation, particularly alternating partial root-zone drying at 75%
of crop water requirement, effectively conserved water without significant yield reduction in quinoa. The
Giza-1 cultivar showed stronger physiological stability, higher biomass, and leaf hydration than Titicaca
under moderate drought. The enhanced performance under alternating PRD suggests that controlled
soil drying triggers adaptive root-to-shoot signaling, promoting efficient water use and sustained
photosynthetic capacity. Therefore, implementing alternating PRD combined with suitable cultivars
such as Giza-1can serve as a practical strategy for sustainable quinoa production in arid regions like
South Khorasan, where water resources are limited.
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Table 3. Analysis of variance of Quinoa growth parameters
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Table 4. Triple interaction effect of planting location, cultivar and irrigation type on shoot quinoa fresh
weight (gr)
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
FI: Irrigation based on 100% of the crop water requirement (control treatment), RD-75 and RD-50: Irrigation
based on 75% and 50% of the crop water requirement, respectively, using the conventional irrigation method,
FPRI-75 and FPRI-50: Irrigation based on 75% and 50% of the crop water requirement, respectively, using fixed
partial root-zone irrigation (fixed PRI), PRI1-75 and PRI1-50: Irrigation based on 75% and 50% of the crop
water requirement, respectively, using alternate partial root-zone irrigation, with alternation between ridge sides
after one irrigation cycle, PRI2-75 and PRI2-50: Irrigation based on 75% and 50% of the crop water requirement,

respectively, using alternate partial root-zone irrigation, with alternation between ridge sides after two irrigation
cycles
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Fig.1. Intraction effect of irrigation method and cultivar on seed yield. FI: Irrigation based on 100% of the crop
water requirement (control treatment), RD-75 and RD-50: Irrigation based on 75% and 50% of the crop water
requirement, respectively, using the conventional irrigation method, FPRI-75 and FPRI-50: Irrigation based on
75% and 50% of the crop water requirement, respectively, using fixed partial root-zone . irrigation (fixed PRI),
PRI1-75 and PRI1-50: Irrigation based on 75% and 50% of the crop water requirement, respectively, using
alternate partial root-zone irrigation, with alternation between ridge sides after one irrigation cycle, PRI2-75
and PRI2-50: Irrigation based on 75% and 50% of the crop water requirement, respectively, using alternate
partial root-zone irrigation, with alternation between ridge sides after two irrigation cycles.
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Table 5. Mean comparison of irrigation strategy on some growth parameters of Quinoa

ol 2yl :
Irrigation 92 el 5 039 lep pliil SAS 039 gl Sl emiglyme Sy 23U
method  Shoot Fresh Weight Shoot Dry Weight  Height Relative Water Content Leaf Area Index
g g cm %

FI 110.379° 37.149° 92.192% 77.978%® 7.099%
RD-75 78.723° 32.282°  78.806™ 71.172% 6.13"
RD-50 45.827° 22.509° 66.108° 61.262° 4,73¢

FPRI-75 97.287° 33.337° 80.663" 75.907%° 6.62%
FPRI-50 56.498¢ 23.465¢ 70.986% 69.039¢ 4.94¢
PRI1-75 116.699° 38.662° 82.394% 78.261° 7.18%
PRI1-50 77.66° 29.311° 76.808 71.231% 5.34%
PRI2-75 112.7272 38.485° 83.65" 75.2052¢ 6.84%
PRI2-50 74.56° 28.536° 77.641° 71.7620% 5.33%

o0 Jlisl o 1o lo e S 08B FLSD (yg03] (ol o8, 5 K0 2 50 alies g, sl s slo Sl cygiw o 40

(s Sy 4 oS o 5l ssye 00 5 VO elel (6l RD-50 g RD-75 (aals) oS ST5ls aoys Voo ool s o ,LoT FI
PRIL-50 4 PRIL-75 (ol &g & iy, ondge (Si3 g, 4 obS o1 5Ls aops 0 5 VO Lululyy s,bel FPRI-50 4 FPRI-75
bl 65LeT PRIZ2-50 4 PRI2-75 ((g,loT 0,90 G 5l o atiy b b 0 wgliste jehay olS 0T 5L oo y0 009 YO Lull (g LT

Soll 0,99 95 jlamy ity 8k 50 gl jlay oS ol 5l ey B VO
In each column the means with the same letters at each location and cultivar, are not significantly different based on

the FLSD test at the 0.05 probability level.

FI: Irrigation based on 100% of the crop water requirement (control treatment), RD-75 and RD-50: Irrigation based
on 75% and 50% of the crop water requirement, respectively, using the conventional irrigation method, FPRI-75 and
FPRI-50: Irrigation based on 75% and 50% of the crop water requirement, respectively, using fixed partial root-zone
irrigation (fixed PRI), PRI1-75 and PRI1-50: Irrigation based on 75% and 50% of the crop water requirement,
respectively, using alternate partial root-zone irrigation, with alternation between ridge sides after one irrigation cycle,
PRI2-75 and PRI2-50: Irrigation based on 75% and 50% of the crop water requirement, respectively, using alternate
partial root-zone irrigation, with alternation between ridge sides after two irrigation cycles
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Table 6. Mean comparison of location and cultivar on some growth parameters of Quinoa

sl - LSS0k F o
) wibley i ‘5"‘:"" gl o Lo ign pll  oalen alasl
Sl Harvest 4l oysdles  gld)l Spol Sy Shoot dry  Shoot fresh
Treatment Index Seed Yield Height RWC LAI weight weight
N e 1585.62° 86.64%  75.54? 6.59°  36.012° 104.13
adlie  Birjand
Location 4ty 1262.03° 70.96"  69.30" 545°  27.04"  67.061°
Sarbisheh
o35 Titicaca  13.6716° 75.036"  70.46" 5.48°  28.25°  69.74°
Cultivar Gizal 15.4658° 82.575% 74.38° 6.57% 34.79° 101.442

b o o/ Jlasl mlaw o o cixe ST 03l FLSD (9051 olel o3, 9 550 58 50 il Gy (sl slacnSibie gt 58 50
In each column the means with the same letters at each location and cultivar, are not significantly different based on the FLSD

test at the 0.05 probability level.

sladalin o Jp glacais) Sbtl 5 o See 350 50
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Table 7. Correlation analysis between growth traits and seed yield

1 3 4 5 6 7
1 Fresh weight slgp el 45 (59 1

2 Dryweight s pll Sis o35 0.686™

3 LA Sy w3l 07017 0.664™ 1

4 rRwC Sy ol o sleime 0617 0.543™  0.491% 1

5 Height ew, 0773™ 0.647" 0.599™ 0.524" 1

6 Seed Yield alsssdes  (0.835" 0.788" 0.723™ 0.562" 0.673" 1

7 Harvest Index el sy 0.129™  0.023™  0.309™ 0.172™ 0.181™ 0.505" 1

s e plas ) /o) g /o0 Jloisl mlaw 10 50 re g (5,0 e pas s i 4 T g T
* and ** indicate non-significance and significance at the 0.05 and 0.01 probability levels, respectively.
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