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Article Info ABSTRACT
Article type: Background and Objectives: Water scarcity and recurrent drought
Research Full Paper pose significant challenges to agriculture in arid and semi-arid

regions. Utilizing resilient crops, such as quinoa (Chenopodium
quinoa Willd.), and soil amendments like biochar are effective
strategies to sustain agricultural productivity. Quinoa, known for its
drought and salinity tolerance and high nutritional value, is a strategic
crop for such regions. Additionally, biochar, as a soil amendment,
improves soil physical and chemical properties, water retention, and
mitigates the effects of deficit irrigation. This study aimed to
investigate the effects of pistachio shell biochar and deficit irrigation
at different growth stages on yield, yield components, and grain
quality of quinoa.

Materials and Methods: This experiment was conducted in a
factorial arrangement within a completely randomized design with
four replications at the Ferdowsi University of Mashhad research
greenhouse in 2022. Treatments included five irrigation levels (full
irrigation and 50% field capacity during vegetative, flowering, grain
filling, and the entire growth period) and three biochar levels (0, 10,
and 20 t ha™!). Parameters such as plant height, grain weight per pot,
biological weight per pot, thousand-grain weight, and grain quality
traits (protein, oil, and ash content) were measured.

Article history:
Received: 2025-01-11
Accepted: 2025-04-12

Results: Full-season deficit irrigation reduced grain weight per pot
by 60% and plant height by 25.9%. Yield reductions at deficit
irrigation during vegetative, flowering, and grain filling stages were
14.5%, 25.3%, and 17.8%, respectively. Additionally, plant height
decreased by 11.7% and 23.5% at deficit irrigation during flowering

Keywords: . . . . .. .-

Deficit irrigation and grain filling stages, respectively. Biochar application mitigated
Flowering these negative effects, increasing plant height by 18.7% and 23.5% at
Grain weight 10 and 20 t ha!, respectively. In addition to improving height,
Grain protein biochar application also significantly increased grain weight per pot
Pistachio Shell by 28.8% and 54.8% at 10 and 20 t ha!. Also, 10 and 20 t ha™! of

biochar resulted in an increase of 7.9% and 2.6% (grain protein) and
20.8% and 7.3% (grain oil). Correlation analysis revealed strong
positive relationships between grain weight per pot with biological
weight per pot (1=0.87), grain oil (r=0.69) and ash content (1=0.66).
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Conclusion: Pistachio shell biochar effectively reduced the negative
effects of deficit irrigation on plant height, yield, and grain quality.
The improvement in grain weight and quality of quinoa highlights
biochar’s potential as a sustainable strategy for water resource
management and crop production under drought conditions. Further
research is recommended to explore the long-term and field-scale
impacts of biochar on soil properties and quinoa growth in arid
regions.

Cite this article: Mousavi, M., Tavakol Afshari, R. 2025. Effect of drought stress and
different amounts of biochar on yield and yield components of quinoa (Chenopodium
quinoa Willd.). Crop Production Journal, 18 (1), 91-112.
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Table 1. Properties of pistachio shell biochar

RN 0555 e - oS S e
pHis  Nitrogen (mg.kg!) Phosphorus(mgkg!) Potassium(mgkg') OC(%) ECi:s(dS.m™)
9.1 9500 558.8 980 18.2 4.36
S oled 9 S5 Oleo g —Y Jgi
Table 2. Physical and chemical properties of the soil
S ens
S CJL O);)J:‘f' J"‘“" ("2"”\‘”"1 Organic Kal a_siifg‘ g‘iu"&‘ el f‘);‘ C“':'°')1’
Soil texture N (mg.kg!) P (mgkg!) K (mgkg!') carbon EC(ds.m’) pH  FC (%)
(%)
oS 500 3.1 160 0.37 14 2.5 7.65 15
sandy loam
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Figure 1. Volume of irrigation water applied for each treatment. D1: control (D1), deficit irrigation in
vegetative stage (D2), flowering stage (D3), grain filling stage (D4), Full-season deficit irrigation (D5);
non-biochar (B1), 10 t.ha™! (B2), 20 t.ha! (B3) biochar.
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Table 3. Analysis of variance of yield and physiological Indicators quinoa under deficit irrigation and
pistachio shell biochar.

Mean Square

a5 Ql’”z" J:i’l‘:”
L sl Wl 05y S5 Pem 050 el gy
S0V Degee gl S OGS e oS P S
freedom Height Gr.am B1910g10a1 Harvest 1000kernel Protein Fat Ash
weight weight per . .
index weight
per pot pot
LSJL::'T('S *k *k *k ok ok *k sk sk
U 4 298.51"" 87.7 1727.13 259.9 0.76 3.82 2.018 0.91
Deficit irrigation
)l"}:" sk sk sk *x *3k *3k *3k
i 2 540.84™ 77.89 1163.1 2.64"s 0.42 5.32 3.286 0.32
Biochar
Dbz xSl eS
Deficit irrigation x 8 58.68"™ 3.82™  56.04™ 39.05m 0.02 1s 0.156™ 0.042m  0.026™
Biochar
o
45 10.6 1.88 16.5 49.7 0.03 0.22 0.09 0.03
Error
Sl o 2
Coefficient of 7.6 14.87 11.87 24.75 5.71 3.58 7.15 6.17
variation

** % and ns shows significant at 1%, 5%, and non-significant
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Table 4. Mean comparison of effects of deficit irrigation in different growth stage and different content
of biochar on quantity and quality of quinoa yield.

OIS s &ls O3 SlsVees O Sy, el
e ) ) (1s3) (o) Sl (o) s (osd) o

Treatment Grain weight 1000 grain Harvest Ash (%) Protein (%) Fat (%)
per pot (g) weight (g) index (%)

L
> 12.06a 3.34a 26.72bc 3.0la 12.54¢ 4.64a
Control

22 6)‘-::%5
s W
deficit 10.31b 3.17b 30.84ab 3.03a 12.84c 4.57a
irrigation in
vegetative
stage
BTSN
AU e e
deficit
irrigation in
flowering
BTSN
4l QA >
deficit 9.91bc 2.86¢ 24.37c 2.59¢ 13.66ab 3.95¢
irrigation in
grain filling
stage
Js L.SJL:J('S

ENSNSTE

9.01c 3.19b 23.42c 2.78b 13.34b 4.22b

4.81d 2.73¢ 35.48a 2.39d 13.9a 3.67d
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deficit
irrigation

e
B }~' NERY 721¢ 29¢ 28.38a 2.7b 12.81c 3.85a
non-biochar

LS s o5 )
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10 t.ha!

biochar
)LL<A BRI Yo

S 11.16a 3.19a 28.5a 2.9a 13.82a 4.65¢
20 t.ha!

biochar

ol s y5 0 c]a.w)iﬂbg;}.a JU;';S—\r.LGaM: Ol st 53 S iie Loy >
Same letters in each column indicate no significant difference at 5 % probability level.
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Figur 2. Impact of different contents of biochar on height and biological weight per pot of quinoa under
various irrigation treatments. control (D1), deficit irrigation in vegetative stage (D2), flowering stage
(D3), grain filling stage (D4), Full-season deficit irrigation (D5); non-biochar (B1), 10 t.ha™! (B2), 20 t.ha
(B3) biochar.
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Figure 3. Correlation analysis between quantitative and qualitative yield traits of quinoa cv. Sajama. HT:
height, BW: biological weight in pot, GW: grain weight in pot, KW: 1000 grain weight, Fat: grain oil,
protein: grain protein, Ash: grain ash.
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