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EXTENDED ABSTRACT

Introduction

Quinoa (Chenopodium quinoa Willd.) is a crop
classified within the Chenopodiaceae subfamily
of the Amaranthaceae family. Indigenous to the
Andes region spanning Bolivia, Peru, and Chile,
this ancient crop boasts a history exceeding 5000
years. Characterized by roots with extensive
penetration capabilities and wide, alternate leaves
giving rise to diverse inflorescences, quinoa plants
exhibit variable heights ranging from 20 to 300
cm. The duration of their growth phase spans 95
to 125 days contingent upon cultivar selection and
prevailing climatic conditions. In the context of
contemporary challenges, burgeoning population
dynamics and diminishing water resources,
particularly in arid and semi-arid regions, have
introduced complexities associated with water
allocation across various consumption sectors. As
the largest consumer of water, the agricultural
sector contends with escalating demands from the
industrial and urban domains. Strategic alterations
to crop patterns, emphasizing the adoption of
crops with lower water requirements, present a
viable avenue for mitigating water consumption
within the agricultural sector. Vermicompost, a
composite of vermi (earthworms) and compost
(organic fertilizer), is derived through the
collaborative activity of earthworms and
microorganisms (bacteria, fungi, and
actinomycetes). This process unfolds during a
non-thermal and aerobic decomposition of
industrial, wurban, and agricultural waste.
Vermicompost serves to enhance the physical,
chemical, and biological attributes of soil,
mitigating adverse effects associated with water
stress and consequently fostering crop growth.
This research endeavors to systematically explore
the influence of varied irrigation water levels and
vermicompost application on crop water
productivity within the Dehgolan Plain, situated in
the Kurdistan province of Iran.

Material and Methods

In 2021, this study was conducted at the research
farm of Kurdistan University situated in the
Dehgolan Plain. The geographic area experiences
an average annual rainfall of 350 mm, with
average annual maximum and minimum
temperatures of 23 and 6.6 degrees, respectively.
Soil samples were procured from diverse depths
of the field before quinoa seed sowing and
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subjected to comprehensive and

chemical analyses.

physical

Employing a split-plot design within a completely
randomized block configuration, the primary and
secondary experimental factors encompassed four
levels of irrigation water (50%, 75%, 100%, and
125% of water requirement) and four
vermicompost levels (0, 5, 10, and 15 tons per
hectare), each replicated thrice. Sub-plot
dimensions were standardized at 3 x 4 meters,
with a spacing of 0.5 and 1 meter between main
and secondary plots, respectively, to mitigate
marginal effects.

Utilizing a drip-tape irrigation system, the
vermicompost was meticulously weighed and
incorporated into the field soil before quinoa
planting. Irrigation tapes were spaced at 50 cm
intervals within each plot. Irrigation water
quantities were accurately measured using a
volumetric meter on the main pipe, where the
main, water supply, and irrigation tape diameters
were set at 56, 32, and 15 mm, respectively. The
irrigation interval was consistent at 7 days, and the
soil moisture balance method determined the
depth of irrigation water.

Upon conclusion of the growing
comprehensive  assessments ~ were  made,
encompassing grain yield, biological yield,
harvest index, water productivity, and water use
efficiency. These parameters were systematically
evaluated to provide insights into the impact of
varied irrigation and vermicompost levels on
quinoa cultivation in the specified agricultural
setting.

season,

Results
Table 1 reveals statistically significant effects of

irrigation and vermicompost fertilizer levels on
seed yield, biological yield, water productivity,
and irrigation water use efficiency, with a
significance level of 1%. Additionally, irrigation
levels demonstrated a statistically significant
impact on the harvest index at the 5% probability
level. The interaction between irrigation levels
and vermicompost fertilizer exerted a significant
effect on seed yield and biological yield at the 1%
probability level, specifically when the irrigation
depth was set at 75% of the crop water
requirement.
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Table 1 Analysis of Variance Results for the Impact of Irrigation Levels and Vermicompost Fertilizer on Grain
Yield, Biological Yield, Water Productivity, Irrigation Water Efficiency, and Harvest Index.

Water Irrigation

Seed yield Biological yield .. Water Use Harvest

ANOVA bf (kg/ha) (kg/ha) Pr?liiu/crg}v)lty Efficiency  Index (%)
£ (kg/m?)

Replication 2 8924.86™ 206634.36" 0.0025" 0.0025" 11.24
Irrigation (T) 3 3019995.32"" 1643836.52™ 0.03™ 0.02927" 29.05"
Error I 6 9602.69 58546.68 0.001 0.0013 11.09
Xf)rmwompo“ 3 22349228 1046225.31** 0.035™ 0.0357" 11.14
IxV 9 20561.08" 12945531 0.002" 0.0017" 33.42"
Error 2 24 7954.74 24170.77 24166.8 0.0018 8.35
CV% 541 3.85 9.34 9.32 7.07

ns: non-significant, *: significant at P<0.05, **: significant at P<0.01, respectively

Figure 1 illustrates that the disparity in harvest
index between 12 and I3 irrigation treatments
(equivalent to 75% and 100% of water
requirement) did not exhibit  statistical
significance. However, the treatment with a 50%
water requirement yielded the lowest harvest
index, while the highest harvest index was
observed in the irrigation treatment set at 125% of
the water requirement for quinoa.
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Fig. 1 Average Comparison of the Effect of Different
Irrigation Levels on Harvest Index.

Results indicate that the optimal conditions for
seed yield (2357.5 kg/ha) and biological yield
(5415.9 kg/ha) were achieved with an irrigation
water depth equal to 100% of the crop water
requirement and a vermicompost fertilizer rate of
15 tons/ha. Furthermore, the highest water
productivity (0.53 kg/m3) and water use
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efficiency (0.53 kg/m3) were attained at varying
irrigation water levels. These findings contribute
valuable insights into the intricate interplay
between irrigation practices, vermicompost
application, and their collective impact on quinoa
productivity metrics.

Conclusions

The findings from this study reveal that the
optimal conditions for maximizing seed yield
(2374.5 kg/ha) and biological yield (5415.9 kg/ha)
were achieved through the application of a 100%
crop water requirement and vermicompost
fertilizer at a rate of 15 tons/ha. In light of these
results, it is recommended that, for lands situated
in the Dehgolan plain of Kurdistan province, Iran,
the judicious utilization of irrigation water depth
set at 100% of the water requirement, coupled
with vermicompost fertilizer at the rate of 15
tons/ha, is conducive to achieving a commendable
yield (2132 kg/ha) and concurrently ensuring high
water consumption productivity (0.53 kg/ha).
These findings offer practical insights into
agronomic strategies tailored to optimize
productivity and resource utilization in the
specified agricultural context.

Data Availability
The data used in this research can be sent by the
corresponding author via email.
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Table 1 Physicochemical properties of field soil and vermicompost used in this research

Soil depth

Properties Unit (0-30 cm) 30-60 cm Vermicompost
Texture - clay loam clay -
Sand % 42.84 27.55 -
Clay % 41.28 32.24 -
Silt % 15.88 40.21 -
Field Capacity % 34 34 -
Electrical Conductivity dS/m 0.49 0.52 1.12
Acidity - 7.62 7.83 7.95
Nitrogen % 0.08 0.05 0.9
Available Potassium mg/kg 320 309 1.52
Available Iron mg/kg 212 24 0.55
Available Phosphorus mg/kg 13.5 15.5 0.76
Organic Carbon % 0.76 0.74 16.99
Lime % 0.98 1.16 -
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Table 3 Depth of effective irrigation water and depth
of consumed water at the end of the Quinoa growing

season
Irrigation Deep Water
Treatment water Percolation consumed
(mm) (%) (mm)
LiF, 220 11 209
I,F, 216 20 196
I,Fs 209 16 193
IF,4 198 8 190
LLF; 317 22 295
LLF» 313 17 296
ILF3 300 15 285
ILF4 292 10 282
I:F; 417 35 382
I:F, 408 27 381
I:F; 403 25 378
I3F4 401 28 373
14F, 518 42 476
I4F> 512 35 477
I4F5 506 33 473
14F,4 491 26 465
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Table 4 Variance analysis of the effect of irrigation levels and vermicompost fertilizer on grain yield, biological
yield, water efficiency index, irrigation water efficiency and harvest index
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