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Abstract

Introduction

Quinoa (Chenopodium quinoa Willd.) is an annual plant of the family Amaranthaceae. The crop is
of interest for growing in environments that experience drought and saline soils. Quinoa has
considerable genetic diversity and is able to grow in a variety of environments and with water of
poor quality. In addition to its favorable agronomic characteristics, quinoa is also of high nutritional
value. The harvested part of the plant is the seed, which contains about 14-20% protein and all the
required amino acids, especially lysine and methionine, that are often in short supply in cereals.

Materials and Methods

To investigate the response of yield, grain yield components, morphological and qualitative
characteristics of quinoa cultivars to different levels of plant density and photosynthetic sources
limitation under the climatic conditions of Ahvaz, a field experiment was conducted as a factorial
experiment in a randomized complete block design with four replications during the fall and winter
of the 2023-2024 cropping season at the research farm of Agricultural Sciences and Natural
Resources University of Khuzestan. The experimental factors included three levels of plant density
(30, 50 and 70 plant.m™), four levels of defoliation at the beginning of the flowering stage (1.
control (no leaf removal), 2. removal of one-third of the lower leaves of the plant, 3. removal of
one-third of the middle leaves of the plant and 4. removal of one-third of the upper leaves of the
plant), and quinoa cultivars (including Rahmat and Sadooq).

Results and Discussion
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Plant density significantly affected plant height, the number of branches per plant, grain yield,
biological yield, plant nitrogen content, grain nitrogen content, and soil nitrogen uptake.
Defoliation also had a significant effect on thousand-grain weight. The highest thousand-grain
weights were recorded in the non-defoliated control and the treatment involving the removal of
leaves from the lower third of the plant, with values of 2.983 and 2.702 g, respectively. In contrast,
defoliation of the upper third of the plant resulted in the lowest thousand-grain weight (2.567 g).
The highest numbers of grains per panicle (1428 and 1416) were obtained at plant densities of 30
and 50 plants m™2, respectively, under the non-defoliated control treatment. Conversely, the lowest
numbers of grains per panicle (1211 and 1228) were recorded at plant densities of 30 and 70 plants
m™2, respectively, when the upper third of the leaves was removed. Overall, the highest grain yields
were obtained at a plant density of 70 plants m~2 under the non-defoliated control and lower-third
defoliation treatments, yielding 6333 and 5771 kg ha™, respectively. The lowest grain yield (1451
kg ha™) was observed at a plant density of 30 plants m~2 when the upper third of the leaves was
removed.

Conclusion

Increasing plant density to 70 plants. m?2, within the range of acceptable competition for
environmental resources, can increase quinoa grain yield. Planting at lower densities could lead to
inefficient use of space, light, water and nutrients with resulting decreased crop growth and lower
yields than could be obtained at higher densities. The amount of defoliation at flowering also
affected grain yield. Removing the lower third of leaves on plants slightly reduced grain yield.
However, removing the upper third of leaves on plants greatly reduced grain yield more than the
middle or lower third of leaves. This finding reveals that maintenance of the upper canopy is
important during reproductive growth to support high levels of photosynthesis and assimilate
production. Increased plant density and retention of upper leaves can enhance quinoa grain yield
under the conditions examined. Therefore, optimizing plant density and minimizing the removal
of photosynthetically active leaves are important considerations for enhancing quinoa productivity.
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Table 1. Meteorological statistics of the Dehkhoda Sugarcane Agricultural and Industrial Meteorological
Station of Ahvaz in 2024-2025

Minimum temperature Maximum temperature

Months of the year °C) °C) Rainfall (mm) Evaporation (mm)
November 15.16 29.28 85.99 211
December 8.86 21.73 13.06 1.27
January 751 20.96 7.25 1.28
February 8.15 21.46 30.24 211

March 9.31 23.12 63.34 3.11
April 14.71 29.8 85.67 6.26

May 18.96 34.72 35.47 8.17
June 23.16 44.18 0 10.70
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Table 2. Soil characteristics of the farm where the experiment was conducted
Soil textur Y K P N EC Depth of soil
of e P (mgkg?)  (mgkg?) (%) (ds.m?) (cm)

Silty clay 7.5 138 9.36 0.05 2.81 0-30
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Table 3. Analysis of variance of plant morphological characteristics affected by experimental factors.

Height of the first Number of Panicle length

S.0.vV df Plant height branch from the b
ranches
ground

Repetition (R) 3 87.79" 37.70™ 0.64" 33.04™
Plant Density (D) 2 537.65™ 1.54" 11.68™ 5.01"
Cultivars (C) 1 26.43™ 0.51" 0.07™ 12.04™
Defoliation (S) 3 18.86"™ 467" 0.05™ 29.56™
DxC 2 25.36™ 0.54" 0.10™ 1.63™
DxS 6 14.88" 4.91m™ 0.35™ 7.37™
CxS 3 9.40™ 0.87™ 0.06™ 8.40™
DxCxS 6 4.89" 2,77 0.17" 7.66™
Error 69 23.11 2.58 0.22 13.48
CV (%) 5.10 12 24.99 21.10
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ns, * and **: non significant and significant at the 0.05 and 0.01 probability level, respectively.
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Table 4. Mean comparison of plant height and number of branches at different levels of plant density

Plant density (plant.m) (D) Plant height (cm) Number of branches

30 89.48° 3
50 96.12° 15°
70 96.95° 1.6

515 S35 0 ga3T i 51 Aoy gy Jlal peba 3 (6513 e D Koo LSS e Uy (15 (sl S0l e 2 55
Means with common letters at each planting density level are not significantly different from each other at the 5%
probability level according to Duncan's test
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Table 5. Analysis of variance of seed yield and yield components

Number of Number of seed per 1000 -seeds Seed yield Biological yield
S.0.V df ' seedp ) y
panicles per plant panicle weight
Block (R) 3 1.37" 3256.17™ 0.78" 3672101" 1266674"
i 462" . 103142205™ 1049813229™

Z'Da)”t density 73009.88 0.05"
Cultivars (C) 1 0.26™ 2901.84"™ 0.86" 596448 80505"

iati 0.09"™ . . 2635531 3702
(DS‘;fO“a“O” 3 8607.09 0.85
DxC 2 0.66™ 1971.96™ 0.26™ 1977096 168391
DxS 6 0.45™ 18070.59" 0.53™ 2556440" 1708126"
CxS 3 0.14" 5115.62" 0.18™ 1019115™ 166248™
DxC*S 6 0.88™ 5611.03™ 0.27™ 529000 1261803
Error 69 1.03 10031.75 0.28 1138180 1897649
CV (%) 23.79 7.37 19.55 13.34 28.19

Ll 03 51 5l e o 5 A2 ) &S oy = o Jlaz| cl@ 230391 )15 Sae ol QLGNS g e o
ns, * and **: non significant and significant at the 0.05 and 0.01 probability level, respectively

g o1y alieo zohaw 38 digy & 38 dlgs Juw Sl duylio -1 Sy
Table 6. Mean comparison of number of panicles per plant at different levels of plant density

Number of panicles per plant

Plant density (plant.m) (D)
30

50
70

4.5%
3.8°
3.4°

I o Sls 0 505T b ) MJA@JL;:Q‘C\&A): Sols sne QMlJiMLSJ;LA Dy shyls L;bﬁl:»‘bj;wﬁj;
Means with common letters at each planting density level are not significantly different from each other at the 5% probability
level according to Duncan's test.
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Table 7. Mean comparison for density and defoliation on the number of seed per panicle

Plant density Defoliation Number of seed per panicle
30 Control 1428°
Cutting 1.3 of upper leaves 1211°
Cutting 1.3 of middle leaves 1363°
Cutting 1.3 of bottom leaves 1317°
50 Control 1416*
Cutting 1.3 of upper leaves 13282
Cutting 1.3 of middle leaves 13862
Cutting 1.3 of bottom leaves 13802
70 Control 13952
Cutting 1.3 of upper leaves 1228°
Cutting 1.3 of middle leaves 13532
Cutting 1.3 of bottom leaves 13782

I S5 0 g0 5T i 51 o s gy ezl el 3 (513 e OV S S 2 (5 511 (sl 0 S0Ls €02 2 5
Means with common letters at each planting density level are not significantly different from each other at the 5% probability

level according to Duncan's test.

ol Cul (Saw 3,5 515 Calides gla iS5 Cow

Sad &l O rals
Slasdllas 55 (Memari etal., 2016) o, Kan 5 5 ylose
i G ot g 43515 055 487 sdly 53 15157
Codom 13,8 o S B a3 OAE y dlo e 53 (6w 555 5 50
oS (s g 3l My b i 5 2V slagltl
Gla,l5m 05y 2alS o ge ckils OAd Al 0 5T 55
Malone and Caviness, ) ;58 5 Ogle 355 o
Voo Sles o alsylie Oy oS Amsls Hlebl (1985
ST Sl & ol b oS )3 8y o s
S 315 Ol Sls gme sl &5 Ol Ao ys 99

d?ﬁ g_}-\?- M))\")La.;).ﬁ M‘JJ‘JG QJ}J‘-\.&A

G133 039
035 2 & Bl S eyl ol glaadl Sl
J).kq-):ﬁ)l:@m.\.,aﬁ@JL..::-\éMJ:AJIJJ\}A
Ois e S sl Ol GSbe amlie @l (O
el slasbles 53 (0 8 YV 5 Y/AA G 5 4) s
Gl S S Bl 5 (5, Sl 0s)
Obe 51 (o5 YIOF) ailsylzn 05 o a8 b odalie
8 e g Vb eSS 4 5 Ol
A 5 (5 e 5 3l gm Ol e 3T o 15 035 (Y JSC2)
Jeomen g 4ls O adgl ol )3 ekga el
15 515 5 sm cpl 516413 0 g0 5 o 3 ails Ul

GlST A s oL Jols 93 p i b olE i i

MQML‘:M 6&)}.&)3 Lol JS@ Lé;_\ 4;‘.5 LSLLGJ d)ﬁuﬁ:’SJJ
= 3/2 a
'S 3 b
= 28 b :
3 @ 2/6
5 7
S 212
<] Control Cutting 1.3 of upper  Cutting 1.3 of Cutting 1.3 of
- leaves middle leaves bottom leaves

Defoliation (s)

& g o Lilice gt Wil o 4105158 (39 (pSile dwlio —) IS
Figure 1. Mean comparison for 1000-seeds weight under the influence of different levels of defoliation
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Table 8. Mean comparison for seed yield under the influence of plant density and defoliation

Plant density (D) Defoliation (S)

Seed yield (kg.ha'l)

30 Control 2252°
Cutting 1.3 of upper leaves 1451°
Cutting 1.3 of middle leaves 1917°
Cutting 1.3 of bottom leaves 21877
50 Control 4580°
Cutting 1.3 of upper leaves 3361°
Cutting 1.3 of middle leaves 3241°
Cutting 1.3 of bottom leaves 4249°
70 Control 6333°
Cutting 1.3 of upper leaves 5023°
Cutting 1.3 of middle leaves 5033°
Cutting 1.3 of bottom leaves 57712

I 0SS0 09037 5 51 oy eyl pedar 53 (6l cme OBt S ten L oS i o g o (sls (6l xS0k ¢ g a3
Means with common letters at each planting density level are not significantly different from each other at the 5% probability

level according to Duncan's test.

Go o515 Wb Co (G 30 P T oh”) 0387 s 3 SKhoe puSlio duglio -4 J9u>
Table 9. Mean comparison for average biological yield (kg.ha') under the influence of plant density

Plant density (D)

Biological yield (kg.ha-1)

30
50
70

8584°
15077°
200042

.x,uuﬁuoyﬁ,m;,\w,;@dubtc)a_ﬂﬁ‘_;)ud;ugwtﬁmpgfpg},f‘_gi,uéu&;ﬁp‘o,;,,a,;

Means with common letters at each planting density level are not significantly different from each other at the 5% probability
level according to Duncan's test.
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Table 10. Analysis of variance of total plant nitrogen, seed nitrogen, seed phosphorus, seed potassium, nitrogen
uptake from the soil

Total plant Nitrogen uptake

S.0Vv df - Seed nitrogen  Seed pHosphorus Seed Potassium .
nitrogen from the soil
Repetition (R) 2 0.13" 0.01" 7.05™ 0.00001™ 932
i .14ns 219158™
(Pllja)nt Density 063" 044" 438.18™ 0 9158
Cultivars (C) 1 0.02" 0.16"™ 17.01™ 0.70™ 1.1184™
Defoliation (S) 3 0.02™ 0.003" 255.56" 0.34™ 1146™
DxC 2 0.05™ 0.02™ 270.59™ 0.31™ 2066"
DxS 6 0.04™ 0.01m 173.95™ 0.20™ 3407
CxS 3 0.09™ 0.005" 125.38™ 0.20™ 1776
DxCxS 6 0.01™ 0.02" 205.52" 0.24™ 370"
Error 49 0.04 0.05 209.57 0.23 1486
CV (%) 10.48 21.65 9.41 27.54 13.30

R I EPI Egeey phe 9 4oy &S o s ) o= Jlax cla.~ 03 055 )l Sae 0dias QLGNS g s o
ns, * and **: non significant and significant at the 0.05 and 0.01 probability level, respectively

& F0 3 By (515 T o ST 039 D 9 610 Wgy I 039 5 Sl dwllio -1 Jguer
Table 11. Mean comparison of the total plant and seed nitrogen content, and nitrogen uptake from the soil under
the influence of plant density per unit area.

Plant density Nitrogen uptake from the soil

Total plant nitrogen content (%) Seed nitrogen content (%)

(plant.m) (D) (kg.ha'?)
30 2.23° 1.217 190.66°
50 1.99° 0.99° 296.87°
70 1.92° 0.97° 381.37¢

51 8015 0 ga3T i 51 sy gy Jlasl peba 3 (6513 e D Koo LS e Uy (15 sl S0l e 52 55
Means with common letters at each planting density level are not significantly different from each other at the 5%
probability level according to Duncan's test.
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