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Extended abstract

Introduction

Quinoa (Chenopodium quinoa Willd.) has become highly valued worldwide due to its exceptional
nutritional content and resilience in harsh environmental conditions, particularly in arid and semi-arid
regions. This adaptability makes quinoa a valuable crop option in areas prone to water scarcity and
challenging climate conditions. Inregions with limited water resources, optimal irrigation strategies and
suitable planting dates are crucial for maximizing quinoa's yield and physiological performance. Given
these challenges, this study sought to assess the effects of different irrigation regimes and planting dates
on yield and key physiological indices of quinoa in the semi-arid climate of Dehdasht, Kohgiluyeh, and
Boyer-Ahmad Province, where efficient water use is essential.

Materials and methods

The experiment was carried out in 2020 as a split-plot design based on a randomized complete block
design (RCBD) with three replications. The main plot factor was planting date at three levels: August 5
(early sowing), August 20 (intermediate), and September 5 (late sowing). The sub-plot factor was
irrigation regime-at three levels based on cumulative evaporation from a Class A evaporation pan: 40
mm, 80, mm,and 120 mm. Irrigation treatments were applied after the establishment phase. The
measured parameters included chlorophyll content (a, b, and total), relative water content (RWC), leaf
area index (LAI), plant height, number of lateral branches, panicle length, biological yield, grain yield,
water use efficiency (WUE), grain protein content, and harvest index (HI).

Results and discussion

The analysis of variance revealed that planting date, irrigation regime, and their interaction significantly
influenced most traits at the 1% probability level. The highest grain yield (1092 kg.ha 1), plant height
(107.2 cm), and relative water content were recorded under irrigation after 40 mm evaporation
combined with the August 20 planting date. This combination also led to the highest chlorophyll
content, biological yield, and harvest index, indicating optimal physiological functioning and favorable
alignment of plant development with environmental conditions. In contrast, the lowest chlorophyll
content and grain yield occurred under the 120 mm evaporation treatment and the earliest planting date
(August 5), likely due to the combined effects of moisture stress and high temperature during early
vegetative growth, which accelerated phenological stages and reduced the growth duration. The late
planting date (September 5) exhibited moderately high water use efficiency due to shortened vegetative
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periods, though yield and harvest index were negatively affected by lower temperatures during the
reproductive phase. Interestingly, grain protein content was highest in the most severe water stress (120
mm evaporation), reflecting a compensatory mechanism often observed in crops under drought
conditions. Water use efficiency was also maximized in the 120 mm irrigation regime with late sowing,
indicating effective use of water under limited availability, albeit at the cost of reduced biomass and
yield. These results suggest that planting quinoa on August 20 and irrigating after 40 mm of evaporation
provides an optimal balance between growth conditions and water availability, enhancing both
physiological efficiency and yield output. The findings emphasize the importance of synchronizing
planting schedules with seasonal climatic patterns and selecting appropriate irrigation intervals to
achieve sustainable quinoa production in drought-prone areas.

Conclusion

In the semi-arid and relatively warm climate of Dehdasht, adjusting the planting,date and irrigation
regime significantly affected quinoa’s physiological and agronomic performance. The best outcomes
were obtained when planting was done on August 20 and irrigation followed.40 mm of evaporation.
This strategy offers a practical approach for maximizing quinoa yield while ensuring efficient water use,
making it suitable for regions facing increasing water scarcity and climate variability.
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Table 1. Physical and chemical properties of the soil at the test site
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Table 2. Phenological stages of quinoa plant at different planting dates and drought stress levels
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Table 3. Comparison of the mean effect of irrigation regimes on.some quinoa traits
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Irrigation after 40 mm of pan 3.69° 13.34° 20.22° 2258.719°
evaporation

B yrahae Av 51wy 65 i i i .
|rrigati0n after 80 mm Of pan 210 1610 1710 214586
evaporation

e o g 1Yo My Sl
Irrigation after 120 mm of.pan 1.19° 20.84° 13.70° 2072.34°
evaporation

(0,30 o 50 BSSlaloge3T) 05,55085 b lo sime LS 0Bl watiwe S i By S5 sl JBlas g o 0 a5 sla Sl
Means in each columnfollowed by the same letter(s) are not significantly different according to Duncan's test at 5% probability

level.
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Table 4. Comparison of the mean effect of planting dates on some quinoa traits

Sl sasls slass

Cubls Z U Judo 5 W1 (i gy S0y Number of lateral o 3 0 ySlos
Planting dates Chlorophyll Seed protein content branches Biological Yield
mg g fresh leaf tissue % kg hat

Aoy b 1.89° 19.26° 16.29° 2158.10°
July 26

330 Ve b a a a

2.40 18.40 17.48 2345.11
August 10
295 O 2.69°¢ 13.34° 17.592 1953.26°¢

August 26

(20,3 O mhaw jo SSls o903 8,50 b S0 sixe BT A3B wiiie S ie B> G gl Blas i e 0 a5 ole 1 She
Means in each column followed by the same letter(s) are not significantly different according to Duncan's test at 5% probability
level.
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Table 5. Two-way analysis of variance (mean squares) for the effects of different irrigation regimes and planting dates
on some agronomic and physiological traits of quinoa

o &)i ’ Sy gTW@‘,&n Sy ald digp duoyd  olS glai )l
Olpdi @be 31 U395 | eaf relative water  Leaf area Seed protein Height of
S.0.V df  Chlorophyll content (RWC) index (LAI)  content percentage plant
o e 2 0.02"s 0.016" 0.001" 1.28" 3.04"
Replication
“HEEN 5 147 1176.82* 0.81* 91.97* 228.32°
Planting date (A)
a sl 4 0.01 2.19 0.002 0.71 19.35
Errora
ollmi 5 9430 3307.11" 5.91* 126.95% 82.37°*
Irrigation regime (B)
:::' miy xS @E g opns 88.88°° 0.13* 1.78™ 68.09"*
b o 004 8.25 0.002 3.97 3.95
Error b
Sl o 8.58 4.05 14.6 11.71 1.97
CV (%)
Table 5. Continued aldl.d Jgu
oasLs olusy
. Job wrels EUL
4y e ) . - )
7 "Numberof  J&=b . G oyfdes by Ol dpan
Ol ot alo (5005 lateral Length of o, 410 25%kes  Bigjogical Harvest ~ Water use
S.0.vV df branches panicle Seed yield yield index efficiency
o WS g 127 .25 52521 036" 0.1
Replication
(A) bl Gyl 4,65 6.26°  90600.25° 345727.94** 526.72°°  0.012"
Planting date (A)
st 4 0.77 4.18 27.53 1742.83 1742.83 0.0012
Error of a
®) salel w3, 2 96.30** 120.34** 107289.81** 83.75.20* 0.64* 0.11*
Irrigation regime (B)
b stz 12 3.37 2.16 30.55 2031.83 8.29 0.00001
Error of b
Sl a0 10.72 2.98 0.69 2.10 7.75 0.017
CV (%)

a2 o s [, 7Y 970 zakaw ;0 o sme )lo e BB 3929 pas oS5 4 T g T

ns

ns, *, and ** indicate non-significant differences, significant differences at the 5% level, and significant differences at the 1%

level, respectively
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Fig. 2. Comparison of the average interactive effect of irrigation regime and planting date on the relative
leaf water content in quinoa. Means that share at least one common letter do not have a significant difference

at the'five percent probability level based on Duncan's test
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Fig. 3. Comparison of the average interactive effect of irrigation regime and planting date on the leaf area
index in quinoa. Means that share at least one common letter do not have a significant difference at the five

percent probability level based on Duncan's test
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Fig. 4. Comparison of the mean interaction effect of irrigation regimeand planting date on plant height in
guinoa. Means that share at least one common letter do not differ significantly at the five percent probability

level according to Duncan's test.
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Fig. 5. Comparison of the average interaction effect of irrigation regime and planting date on panicle length
in quinoa. Means that share at least one common letter do not differ significantly at the five percent

probability level according to Duncan's test.
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Fig. 6. Comparison of the average interaction effect of irrigation regime and planting date on grain yield in quinoa.
Means that share at least ane common letter do not differ significantly at the five percent probability level according to

Duncan's test.
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