JOURNAL OF AGRICULTURE AND APPLIED BIOLOGY

2023,Vol. 4,No.1,95-106

http://dx.doi.org/10.11594/jaab.04.01.10

E-ISSN: 2723-5106

Research Article

Effect of sowing dates on the vegetative growth and yield parameters of two
quinoa (Chenopodium quinoa Willd.) genotypes

Smail Mehdal#*, Mabrouka Oustani3#, Sana Bouazza3, Imane Djaballah3

1Faculty of Life and Natural Sciences, Department of Agronomy, University of E1 Oued, El Oued,
39000, Algeria. ORCID: 0000-0002-0551-476X

2Laboratory of Biodiversity and Biotechnology Applications in Agriculture, University of El Oued,
39000, Algeria ORCID: 0000-0002-0551-476X

3Faculty of Life and Natural Sciences, Department of Agronomy, University of Kasdi Merbah,
30000 Ouargla, Algeria. ORCID: 0000-0002-0551-476X

4Laboratory of Saharan Bio-Resources: Preservation and Development, University of
KasdiMerbah, 30000 Ouargla, Algeria. ORCID: 0000-0002-0551-476X

Article history:

Submitted 26 February 2023
Accepted 21 March 2023
Published 25 April 2023

Keywords:
Algeria

Quinoa

Saharan regions
Sowing date
Vegetative growth
Yield

*Corresponding author:
E-mail:
mehda-smail@univ-eloued.dz

Abstract

The aim of the present study was to select the best sowing time for two
quinoa genotypes (Chenopodium quinoa Willd) grown in Ouargla, lo-
cated in the Saharan region of Algeria. The adopted experimental device
is of the random block type, comparing the effect of three sowing dates
in 2018: October 16, October 31st, and November 15%, on some vege-
tative growth parameters (number of seedlings raised, total number of
plants, total fresh weight of plants, height of plants at panicle stage,
number of branches per plant, average weight per plant), and yield pa-
rameters (number of panicles per plant, weight of the main panicle,
weight of 1000 grains, and total weight of grains per square meter) of
two quinoa genotypes: "Q102" Amarilla saccaca and "Giza". The ob-
tained results show that the best sowing date for the "Q102" genotype
is the first date (October 16%), which ranked first for most of the pa-
rameters studied. On the other hand, the best grain yield was observed
by the second sowing date (October 31st). As for the "Gizal" genotype,
no yield was observed for the first and second sowing dates, while a
very low grain yield was observed only by the third sowing date. The
results obtained make it possible to conclude the strong capacity of ad-
aptation of genotype "Q102" to the edapho-climatic conditions of the
south of Algeria compared to genotype "Gizal". In fact, this study shows
that the production potential of quinoa in the Saharan regions is linked
to both the genotype and the sowing date.
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Introduction

Faced with the challenge of increasing the
production of quality food to feed the world
population within the context of climate
change, quinoa constitutes a viable alternative
for countries suffering from food insecurity
(Jacobsen, 2003; Bazile et al., 2016; Food and
Agriculture Organization, 2011; International
Center for Bionsaline Agriculture, 2016).

According to Bedoya-Perales et al. (2018),
quinoa plants seem to offer a solution for food
sovereignty and security in vulnerable areas.
This plant is becoming more and more popular
and its cultivation is among the fastest in the
world, allowing it to contribute significantly to
food security and nutrition in the regions of the
Near East and North Africa (Del Castillo
Gutiérrez & Winkel, 2014).

Being an alternative plant to gluten-free ce-
reals, quinoa is considered today as a healthy
food with high nutritional value as its grain
contains high quantities of protein, essential
amino acids, and essential minerals and vita-
mins. Because of these nutritional properties
and health benefits, quinoa is considered a
novel healthy food, occasionally referred to as
a "superfood”. Considering its importance, the
United Nations General Assembly declared
2013 as the ”International Year of Quinoa”
(Pathan & Siddiqui, 2022).

The morpho-phenological characteristics
and food uses of quinoa show a great diversity
of varieties (Del Castillo Gutiérrez & Winkel,
2014). This diversity is due to its enormous ag-
ronomic adaptation and genetic variability, as
quinoa varieties are adapted to grow from sea
level to an altitude of more than 4,000 meters
above sealevel and from cool highland climates
to subtropical conditions (Igbal, 2015).

In addition to having a very high nutritional
value (Filho etal., 2017; Scanlin & Lewis, 2017;
Singh et al., 2021; Sultanova et al., 2022; Vega-
Galvez etal., 2010), the interest in this plantlies
in its ability to resist extreme climatic condi-
tions (drought, poor soil, salinity), underlining
its effectiveness in the fight against desertifica-
tion, especially since it grows in an arid envi-
ronment where it can even give acceptable
yields (Bazile et al.,, 2016; Eisa et al., 2017; Ruiz
etal, 2014).

The potential introduction of quinoa as an
alternative crop has caught the attention of
farmers around the world even in areas outside
the geographic origin of this species (Bazile et
al,, 2016; Kezimana et al., 2020; Oustani et al.,
2023; Rathore et al,, 2019). This is particularly
evident for arid environments like that of
southern Algeria (Oustani et al., 2023). Since it
grows on soils with poor fertility, quinoa could
also be grown in the Saharan regions of south-
ern Algeria (Oustani et al.,, 2019).

On the other hand, the most important de-
terminant of the productivity of any new crop
in a particular area is the identification of the
optimal planting time that satisfies the plant’s
environmental needs. The optimal planting
time is presented as a first step in the agricul-
tural production system and considered as a
basis that leads to the development of a set of
appropriate production technologies, espe-
cially for a new crop in a region (Erazzu et al,,
2016; Sajjad et al., 2014).

Indeed, identifying the most appropriate
planting date is one of the most important ag-
ronomic considerations for successful quinoa
cultivation (Ramesah, 2016; Temel & Yolcu,
2020; Uke, 2016). According to Shoman
(2018); Temel & Yolcu (2020), in order to ob-
tain the desired yield and quality performances
in the quinoa plant, it is necessary to establish
appropriate sowing and harvesting periods ac-
cording to ecological conditions of the region
where it will be grown.

According to [sobe et al. (2016); Ramesah
(2016); Temel & Yolcu (2020) and Uke (2016),
in order to achieve the desired yield and quality
performance in the quinoa plant grown for hay
production. It is necessary to establish appro-
priate sowing times based on the ecological
conditions of the region where it will be grown.

In this perspective, this study aims to deter-
mine appropriate sowing periods of two qui-
noa genotypes cultivated under Saharan condi-
tions of Algeria for achieving better growth and
high yield especially since the plant in this re-
gion grows under a harsh environment and is
exposed to various stresses such as thermal
stress, hydric stress, and salinity (Mehda et al,,
2022).
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Materials and methods
Study area

The experiment took place at the station of
the Technical Institute for the Development of
Saharan Agronomy (ITDAS) in Hassi Ben
Abdallah (32°02'0.487" N, 5° 28' 32.34" E, 156
m). The station is located 26 km from the capi-
tal of the wilaya of Ouargla in South-East Alge-
ria. The climatic factors characterizing the
study area are provided by the National Office

in Table 1 and Figure 1. The analysis of climatic
data indicates that the lowest temperature rec-
orded was in January at 3.80 °C, while the high-
est recorded was in May at 33.84 C°. As for the
average temperature throughout the experi-
ment period, it was recorded at 17.91 C°. The
average humidity, maximum wind speed, cu-
mulative precipitation, evaporation, and inso-
lation for the period of cultivation were 40.64
%, 9.45 km/h, 35.70 mm, 1524.20 mm, and

of Meteorology (Ouargla - Algeria). The data 2117.30  hours, respectively  (National
during the period of cultivation are presented Meteorological Office, 2019).
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Figure 1. Gaussen ombrothermic diagram of the Study area
Table 1. Climatic data for the cultivation period (October - May)
Month T Mim T T H Moy  Wind P Evaporation Insolation
ce Max Moy % Km/h mm mm Hours
c° c°
October 16.86 30.11 23.48 38.92 8.58 0 214.3 2479
November 10.39 24.15 17.27 47.33 7.80 0.8 143.7 244.5
December 491 2046 12.69 5231 6.06 0 105.6 272.1
January 3.80 1876 11.28 44.37 8.61 0.01 113.6 256.2
February 4.79 1943 1211 4282 9.75 0 132.6 226.6
March 9.27 2447 16.87 3826 11.39 17.3 202.7 245.7
April 15.46 30.54 23.00 31.77 11.80 13.97 283.1 304.2
May 19.26 33.84 26,55 29.35 11.61 3.62 328.6 320.1
Average 10.59 25.22 1791 40.64 9.45 - 190.53 264.66
Accum - - - - - 35.7 1524.20 2117.30

Source: National Meteorological Office (2019)

According to Oustani (2006), the soil of the
study site is characterized by a sandy texture,

of 0.95 dS/m (ECq/s)), and low contents of
organic carbon and total nitrogen. As for the

an alkaline pH (8.06), an electrical conductivity = water used for irrigation, it is characterized by
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an electrical conductivity of 2.7 dS/m and a pH
of 8.4. According to the water classification
established for Algeria by Durand (Durand,
1983), the water used is not recommended for
irrigation under normal conditions, but it can
be used when the soil is permeable with good
drainage (Oustani & Mehda, 2021; Oustani,
2006).

Plant material and experimental design
Plant material

The plant material used in the study corre-
sponds to two genotypes of quinoa (Chenopo-
dium quinoa Willd): Q102 (Amarilla sacaca)
and Gizal (Figure 2). It should be noted that the
seeds of the two genotypes were recovered
from the study station (ITDAS of Ouargla).

Figure 2. Quinoa genotypes used in the study
A: Gizal genotype; B: Q102 (Amarilla sacaca) genotype.

Experimental design

The field experiment was carried out dur-
ing the 2018-2019 cropping season. The trial
protocol compares the agronomic performance
(growth and yield parameters) of two quinoa
genotypes (Gizal and Q102) sown on three dif-
ferent dates: on October 16t (Date 1), October
31st (Date 2) and November 15t (Date 3). The
experiments were arranged in a complete ran-
domized block design with four replicates for
each genotype. The trial includes 24 elemen-
tary plots. The area of each elementary plotis 6
m? (3 x 2). Spacing between block, row and
seedlings was 1.50, 0.4 and 0.35m, respectively.
The sowing for each date was carried out man-
ually by sowing 6-7 seeds per pocket in the soil
at a depth of 1 to 2 cm. A seeding density was
15 kg. ha't. Weeds were manually weeded until
the plants were 10 cm tall, then the plants were
gradually thinned to 50 cm apart. The plots
were irrigated every other day using the drip
irrigation system. The irrigation was ceased a
week before the harvest. Weeding and phyto-
sanitary treatments were carried out manually
to keep the crops weed-free throughout the
growing season. The plots were harvested
manually at maturity for each date.

Data collection and analysis

Monitoring of some phenological stages
was carried out for the two genotypes (Q102
and Gizal) for the three sowing dates. In addi-
tion, other measurements related to some veg-
etative growth parameters (number of seed-
lings raised per square meter, total number of
plants per square meter, total fresh weight of
plants per square meter, height of plants at
panicle stage, number of branches per plant,
average weight per plant) and yield parameters
(number of panicles per plant, weight of the
main panicle, weight of 1000 grains, and total
weight of grains per square meter). These
measurements were taken from a sample of ten
plants per square meter randomly chosen for
each genotype.

Statistical analysis

The results obtained were evaluated by
means of an analysis of variance (ANOVA) fol-
lowed by Fisher's test with 95% confidence in-
terval using SPSS software (version 24). This
analysis was applied only for the results relate
to the "Q102" genotype due to the futility of
having results for the "Gizal" genotype since its
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growth stopped at an early stage of develop-
ment.

Result and discussion
Monitoring of some phenological stages of
the two genotypes

Before commenting on the results relating
to the phenological stages of the two quinoa
genotypes studied, it should be noted that for
the "Q102" genotype, the harvest was carried
out after the physiological maturation of the
plant on April 15t%, April 29thand May 5t 2019,
respectively for the first, second and the third
date. As for the "Gizal" genotype, the harvest
took place on April 15th, 2019 only for the third
sowing date (Table 2) due to the futility of hav-
ing results for the other two dates (the growth
stopped at an early stage of development).

Monitoring of phenological stages of the first
sowing date (October 16th)

For the first sowing date, the emergence of
the two genotypes took place on the 7th day af-
ter the sowing whereas the appearance of two
true leaves was observed 20 days after sowing
the two genotypes (Table 2). These findings
correspond with those of Mujica & Canahua
(1989), who reported that quinoa seedling
emergence and appearance of the two true
leaves will occur at (7-10 days) and (15-20
days) after sowing, respectively for both stages
and both genotypes.

According to Mujica & Canahua (1989), the
plant reaches the branching stage between 45
to 50 days after sowing and the inflorescence
begins to appear from 55 to 60 days from sow-
ing, which is not consistent with the observa-
tions made. In fact, in this case, the branching
stage was observed 26 days after sowing and
the beginning of panicle formation was after 42
days from sowing for both genotypes (Table 2).

Furthermore, Mujica & Canahua (1989) in-
dicate that the complete formation of panicles
of quinoa is done from 65 to 70 days after sow-
ing. The flowering took place after 75 to 80
days of sowing, the blooming of 50% of the
flowers is observed from 90 to 100 days after
the sowing. These durations are totally differ-
ent from the ones observed in this study.

In fact, the number of days recorded in our
case for the "Q102" genotype was 98, 104 and
132 days, respectively, for the three stages of
quinoa vegetative growth. The "Gizal" geno-
type stopped its development at the panicle
stage and died, which may have been due to cli-
matic conditions (cold) of the study area in this
period.

On the other hand, for the last phenological
stage which corresponds to the physiological
maturity, it was noted that the plant acceler-
ated its cycle a little and reached the physiolog-
ical maturation after 182 days of sowing. These
findings were similar to those of Mujica &
Canahua (1989) for the same phenological
stage. These heights indicated that the physio-
logical maturity of quinoa will take place from
160 to 180 days after sowing.

Monitoring the phenological stages of the
second sowing date (October 31th)

For the second sowing date, seedling emer-
gence took place 5 days after sowing for both
genotypes. The complete appearance of two
true leaves was observed on the 11th day after
sowing. Branching of leaves on the stem of
plants for both genotypes was observed 31
days after the sowing (Table 2).

The beginning of panicle formation was ob-
served on the 48t and 56t days after sowing
for the "Gizal" and "Q102" genotypes, respec-
tively. These findings correspond to those of
Mujica & Canahua (1989) only for the "Q102"
genotype. While they are considered late dates
compared to the "Gizal" genotype, which was
earlier for this phenological stage.

The complete formation of the panicle was
observed after the 94th and 101st days after
sowing for the "Q102" and "Gizal" genotypes,
respectively. The beginning of flower for-
mation took place on the 111t day after sowing
for the two genotypes. While, the blooming of
50% of the flowers was observed on the 115t
and 121st days after sowing for "Gizal" and
"Q102" genotype, respectively. The physiologi-
cal maturity for the "Q102" genotype took place
187 days after the sowing; however, the death
of the "Gizal" genotype was noticed at this
stage of development.
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Monitoring the phenological stages of the
third sowing date (November 15t)

For the third date of sowing, the emergence
of the seedlings, the complete appearance of
the two leaves and the branching stage took
place on the 4t, 12th and 41st days after sowing,
respectively for the two genotypes (Table 2).
These durations seem to be earlier than those
recorded by Mujica & Canahua (1989).

The panicle appearance was observed on
the 78th and 80t days after sowing for the
"Q102" and "Gizal" genotypes, respectively. As
for the complete formation of the panicle, it was
observed after 107t and 97t days after sowing
respectively for the "Q102" and "Gizal" geno-
types. The beginning of flower formation took
place on the 115t and 101st day after sowing,
respectively for "Q102" and "Gizal" genotypes.

The opening of 50% of the flowers was ob-
served after 120 days for the genotype "Gizal"
and after 137 days for the genotype "Q102".
Compared to the results of Mujica & Canahua
(1989), the plants in this experiment showed a
growth delay for this stage of the vegetative cy-
cle of quinoa for both genotypes.

Physiological maturity for the "Gizal" gen-
otype was observed on the 151st day after sow-
ing, marking a delay of 10 days compared to the
observation of Mujica & Canahua (1989). As for
the "Q102" genotype, it could not reach this
physiological stage. In fact, complete sterility of

flowers was reported, which may have been
due to climatic conditions and/or varietal char-
acters of this genotype.

The monitoring of the phenological stages
of quinoa plants along their vegetative cycle al-
lows for observing a significant variation be-
tween the three sowing dates for the "Q102"
genotype. In fact, it is noted that there has been
a 5 day difference between the first and the sec-
ond sowing dates for the plants to reach their
stage of maturity. The plants in this study ma-
tured on the 182nd and 187t days after sowing
for the first and second date, respectively.

These findings allow for concluding that the
best sowing date for the Amarilla sacaca
"Q102" genotype is the first date (October 16th).
On the other hand, the third date (November
15t%) is considered as an unsuitable date for
sowing this genotype under these experi-
mental conditions. In fact, this sowing date did
not allow the plant to reach the stage of ma-
turity and the flowers remained sterile.

For the "Gizal" genotype, the best date un-
der these experimental conditions was the
third date (November 15t%). In fact, the latter is
the only date that allowed the plant to reach the
physiological maturity stage. The growth delay
reported at these stages of the vegetative cycle
of our plants may be attributed to the cold
weather observed during this period, which de-
layed the vegetative growth of these plants.

Table 2. Monitoring of the phenological stages of the two studied genotypes

Stage First sowing date Second sowing date Third sowing date

(October 16th) (October 31t) (November 15%)

Q102 Gizal Q102 Gizzal Q102 Gizzal
Seedling 16-10-2018. 16-10-2018. 31-10-2018. 31-10-2018. 15-11-2018. 15-11-2018.
Lifting 23-10-2018. 23-10-2018. 05-11-2018. 05-11-2018. 19-11-2018. 19-11-2018.
Two true leaves 05-11-2018. 05-11-2018. 11-11-2018. 11-11-2018. 27-11-2018. 27-11-2018.
Branching 11-11-2018. 11-11-2018. 01-12-2018. 01-12-2018. 26-12-2018. 26-12-2018.
Beginning of panicle 27-11-2018. 27-11-2018. 26-12-2018. 18-12-2018. 01-02-2019. 03-02-2019.
Panicle 22-01-2019. 22-01-2019. 11-02-2019. 09-02-2019. 02-03-2019. 20-02-2019.
Early flowering 28-01-20109. - 17-02-2019. 19-02-2019. 12-03-2019. 24-02-2019.
Flowering 24-02-20109. - 10-03-2019. 05-03-2019. 03-04-2019. 15-03-2019.
Physiological maturity =~ 15-04-2019. - 05-05-2019. - - 15-04-2019.

Number of days 182 - 187 - - 151
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Monitoring vegetative growth and yield
parameters

The results obtained show that the sowing
date has a significant influence on the number
of seedlings raised per square meter, the total
fresh weight of plants per square meter, the av-
erage weight per plant, the total weight of

grains per square meter, the weight of 1000 the
grains, and number of panicles per plant. While
no significant effect was demonstrated for the
sowing date on the total number of plants per
square meter, height of plants, number of
branches per plant and weight or main panicle
(Table 3).

Table 3. Results of analysis of variance for vegetative growth and yield parameters

Parameters F-value P-value Significance
Number of seedlings raised per m? 56,700 0,000 v.h.s
Total number of plants per m? 3,192 0,114 n.s.
Total fresh weight of plants per m? (kg) 75,221 <0,0001 v.h.s
Height of plants at panicle stage (cm) 3,021 0,066 n.s.
Number of branches per plant 2,923 0,072 n.s.
Average weight per plant (g) 3,365 0,050 S
Number of panicles per plant 9,126 0,001 h.s.
Weight of main panicle (g) 0,006 0,994 n.s.
1000 grains weight (g) 18,195 0,003 h.s.
Total weight of grains per m? (g) 7,516 0,023 S

» v.h.s: very highly significant
* h.s.: highly significant

® s: significant

* n.s.: not significant

Vegetative growth parameters

The analysis of variance relating to the
number of seedlings raised per square meter
indicates highly significant differences be-
tween the three sowing dates (Table 3). The
Fisher test relating to the classification of the
means shows two homogeneous groups: group
(A) presented by the second and the third sow-
ing dates with 59 and 65 seeds per square me-
ter, respectively; and group (B) presented by
the first sowing date with 35 seeds per square
meter (Figure 3, A). On the other hand, the total
number of plants per square meter showed no
significant difference between the three sow-
ing dates (Table 3). As for the total fresh weight
of plants per square meter, the analysis of vari-
ance indicates very highly significant differ-
ences between the three sowing dates (Table
3). Fisher's test, comparison between

categories with a confidence interval of 95%,
shows three homogeneous groups: group (A)
presented by the third sowing date with 4.545
kg; group (B) presented by the second date
with 2.668 kg; and group (C) presented by first
sowing date with 0.858 kg (Figure 3, C).

The height of plants at panicle stage and the
number of branches per plant showed no sig-
nificant difference between the three sowing
dates (Table 3). On the other hand, significant
differences between the three sowing dates
were highlighted by the statistical analysis for
the average weight per plant (Table 3). Fisher's
test shows three homogeneous groups: group
(A) presented by the first sowing date with
200.85 g; group (AB) presented by second date
with 187.67 g; and group (B) presented by
third date with 133.12 g (Figure 3, E).
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Figure 3. Variation of some vegetative growth parameters for "Q102" genotype as a function of sow-
ing date.

A: Number of seedlings raised per square meter; B: Total number of plants per square meter; C: Total

fresh weight of plants per square meter (kg); D: Height of plants at panicle stage (cm); E: Number of

branches per plant; F: Average weight per plant (g).
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Yield parameters

The analysis of variance relating to the
number of panicles per plant indicates highly
significant differences between the three sow-
ing dates (Table 3). Fisher's test shows two ho-
mogeneous groups: group (A) presented by the
first sowing date with 39.36 ramifications, the
second sowing date with 37.72 ramifications,
and group (B) presented by the third sowing
date with 20.37 ramifications (Figure 4, A). As
for the weight of the main panicle per plant, the
statistical analysis showed no statistical differ-
ence between the three sowing dates (Table 3).
The analysis of variance relative to the 1000
grains weight indicates highly significant dif-
ferences between the three sowing dates (Ta-
ble 3). Fisher's test, comparison between

categories with 95% confidence interval,
shows two homogeneous groups: group (A)
presented by the first sowing date with 2.78 g,
the second sowing date with 2.28 g, and group
(B) presented by the third sowing date with no
yield in grains (Figure 4, C). The analysis of var-
iance relative to the total weight of grains per
square meter also indicates significant differ-
ences between the three sowing dates (Table
3). The Fisher test shows three homogeneous
groups: group (A) presented by the second
sowing date with 91.62 g (9.16 gx/ha); group
(AB) presented by the first sowing date with
52.58 g (5.25 gx/ha); and group (B) presented
by the third sowing date with no grain yield
(Figure 4, D).
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Figure 4. Variation of yield parameters for "Q102" genotype as a function of sowing date
A: Number of panicle branches per plant; B: Main panicle weight (g); C: 1000 seed weight (g); D:

Total grain weight per square meter (g).
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In many countries, quinoa has been tested
under different climatic conditions with vary-
ing yields depending on the sowing time
(Aguilar & Jacobsen, 2003; Ujiie et al., 2007). It
is considered that the sowing time has a great
effect on the yield of quinoa. According to
Casini (2019); Temel & Yolcu (2020), sowing
dates affected growth and productivity of this
plant due to differences in temperature, photo-
period, precipitation and radiation over the
year.

According to Hirich et al. (2014), tempera-
ture is the main abiotic factor that directly in-
fluences the growth, germination and produc-
tivity of quinoa. These are also influenced by
the varietal characters of each genotype. In fact,
the climatic conditions of Ouargla region dur-
ing the cultivation period have strongly influ-
enced the vegetative growth and yield parame-
ters of the two genotypes studied in this exper-
iment.

According to Programme National de
Transfert de Technologie en Agriculture
(2005), a temperature above 30 C° render the
quinoa plant sterile. In fact, the high tempera-
tures that characterized the period of cultiva-
tion, especially at the flowering stage, had a
negative influence on the plants of the two
studied genotypes, which explains the stunted
growth and the low yield obtained.

A high temperature during flowering and
seed set can significantly reduce the yield and
is one of the major barriers to the global expan-
sion of quinoa (Hinojosa et al., 2019). Accord-
ing to Bilodeau (2016), the production of qui-
noa seeds requires specific environmental con-
ditions and the pollen can become sterile at
temperatures above 28 C°. According to Bois et
al. (2006), at temperatures above 38 C° the
flowers abort and the stigmas and stamens die.

Like high temperatures, low temperatures
can also affect quinoa plants. According to
Hirich etal. (2014), the low temperatures of the
winter period have a negative impact on the de-
velopment of quinoa. In this case, it explains the
death of the "Gizal" genotype planted on the
first sowing date.

The death of this genotype on the second
sowing date (early March) may also be linked
to its susceptibility to several insects and

diseases compared to the "Q102" genotype.
This can be especially admitted if referring to
the low saponin content of the seeds of this
genotype. Saponin is considered a protective
agent against several insects and microbial dis-
eases that can attack quinoa. The same findings
have been previously reported by Bilodeau
(2016).

The low yields recorded for the first sowing
date are due to low temperatures. In fact, a rain
followed by a wave of cold air was recorded in
the study area; it is possible that these factors
prevented fertilization.

Whereas, for the second sowing date, the
low yield obtained is due to the effect of frost
on fertilization. The persistent and exceptional
frost experienced by the Ouargla region at the
time of flowering clearly explains the negative
results recorded.

Conclusion

The comparison of effect of sowing time on
varietal behaviour of the two studied geno-
types and their responses to the ecological con-
ditions of the study region allowed to conclud-
ing that the best sowing date for the "Q102"
genotype is the first date (October 16t), which
is ranked the first for most of the parameters
studied. Moreover, under these experimental
conditions, the "Q102" genotype is better for
having a stronger resistance than the "Gizal"
genotype and can be grown on the three sow-
ing dates, which is not the case for the "Gizal"
genotype, which can reach the physiological
maturity only with the third sowing date (No-
vember 16t%). Hence, the present study clearly
shows the potential for success for cultivating
quinoa in the Saharan regions of Algeria, and
shows an interest of taking both genotype and
seeding time into account.

Acknowledgement

The authors want to thank all technical as-
sistants at the technical Institute for the devel-
opment of Saharan Agronomy (ITDAS-Ouargla)
for their help during the months of the experi-
ment. Many thanks also to Dr. Cherfi Haithem
for his assistance with the language review of
the paper.

JAAB | Journal of Agriculture and Applied Biology

104 Volume 4 | Number 1 | June | 2023



Mehda et al,, 2022 / Effect of sowing dates on the vegetative growth and yield parameters of two quinoa genotypes

Author’s declaration and contribution

The authors declare that they have no con-
flict of interest. The authors declare that they
have contributed equally to the article.

References

Aguilar, P. C,, & Jacobsen, S. E. (2003). Cultivation of
quinoa on the Peruvian Altiplano. Food Reviews
International, 19(1-2), 31-41. CrossRef

Bazile, D., Pulvento, C., Verniau, A., Al-Nusairi, M. S., Ba,
D., Breidy, J., ... Otambekova, M. (2016).
Worldwide evaluations of quinoa: preliminary
results from post international year of quinoa FAO
projects in nine countries. Frontiers in Plant
Science, 7, 850. CrossRef

Bedoya-Perales, N. S., Pumi, G., Mujica, A., Talamini, E., &
Domingos Padula, A. (2018). Quinoa expansion in
Peru and its implications for land use
management. Sustainability, 10(2), 532. CrossRef

Bilodeau, L. (2016). Parcelle d’essai de quinoa dans la
chaudiere-appalaches : Rapport final. Quebec.
Direct Link.

Bois, J. F., Winkel, T., Lhomme, ]. P, Raffaillac, J. P., &
Rocheteau, A. (2006). Response of some Andean
cultivars of quinoa (Chenopodium quinoa Willd.) to
temperature: effects on germination, phenology,
growth and freezing. European Journal of
Agronomy, 25(4), 299-308. CrossRef

Casini, P. (2019). Seed yield of two new quinoa
(Chenopodium quinoa Willd.) breeding lines as
affected by sowing date in Central Italy. Acta
Agriculturae Slovenica, 113(1), 51-62. CrossRef

Del Castillo Gutiérrez, C. R., & Winkel, T. (2014).
Variacién fenotipica intra-e inter-poblaciones en
siete poblaciones de quinua del altiplano
boliviano. Revista de Investigacién e Innovacidén
Agropecuaria y de Recursos Naturales, 1(1), 58-64.

Durand, ].H. (1983). Les sols irrigables. Etude pédologique.
Presses Universitaire de France.

Eisa, S. S, Eid, M., Abd El-Samad, E., Hussin, S., Abdel-Ati,
A, El-Bordeny, N,, ... Masoud, A. (2017). '
Chenopodium quinoa’ Willd. A new cash crop
halophyte for saline regions of Egypt. Australian
Journal of Crop Science, 11(3), 343-351. CrossRef

Erazzy, L., Gonzalez, |., Buedo, S., & Prado, F. (2016).
Effects of sowing density on Chenopodium quinoa
(quinoa). Incidence on morphological aspects and
grain yield in Var. CICA growing in Amaicha del
Valle (Tucuman, Argentina). Lilloa, 53(1), 12-22.

Food and Agriculture Organization (FAO). (2011).
Proposition du Gouvernement bolivien en vue d’une
Année internationale du quinoa. Direct Link.

Filho, A. M. M,, Pirozi, M. R,, Borges, ]. T. D. S,, Pinheiro
Sant'Ana, H. M., Chaves, ]. B. P., & Coimbra, ]. S. D. R.
(2017). Quinoa: nutritional, functional, and
antinutritional aspects. Critical Reviews in Food
Science and Nutrition, 57(8), 1618-1630. CrossRef

Hinojosa, L., Sanad, M. N,, Jarvis, D. E,, Steel, P., Murphy,
K. & Smertenko, A. (2019). Impact of heat and
drought stress on peroxisome proliferation in
quinoa. The Plant Journal, 99(6), 1144-1158.
CrossRef

Hirich, A., Choukr-Allah, R, & Jacobsen, S. E. (2014).
Quinoa in Morocco-effect of sowing dates on
development and yield. Journal of Agronomy and
Crop Science, 200(5), 371-377. CrossRef

International Center for Bionsaline Agriculture. (2016).
Le Quinoa pour les environnements marginaux, la
péninsule arabique et les EAU. Direct Link.

Igbal, M. A. (2015). An assessment of quinoa
(Chenopodium quinoa Willd.) potential as a grain
crop on marginal lands in Pakistan. American-
Eurasian Journal of Agricultural & Environmental
Sciences, 15, 16-23. Direct Link.

Isobe, K., Sugiyama, H., Okuda, D., Murase, Y., Harada, H.,
Miyamoto, M,, ... Torigoe, Y. (2016). Effects of
sowing time on the seed yield of quinoa
(Chenopodium quinoa Willd) in South Kanto, Japan.
Agricultural Sciences, 7(03), 146. CrossRef

Jacobsen, S. E. (2003). The worldwide potential for
quinoa (Chenopodium quinoa Willd.). Food Reviews
International, 19(1-2), 167-177. CrossRef

Kezimana, P, Romanova, E., Gins, M., Marakhova, A, &
Vanyurikhina, A. (2020). Breeding Perspectives of
Quinoa (Chenopodium Quinoa) in the Moscow
Region. Theoretical & Applied Problems of Agro-
industry, 40(3). CrossRef

Mehda, S., Mufioz-Martin, M. A., Oustani, M., Hamdi-Aissa,
B., Perona, E., & Mateo, P. (2022). Lithic
cyanobacterial communities in the polyextreme
Sahara Desert: Implications for the search for the
limits of life. Environmental Microbiology, 24(1),
451-474. CrossRef

Mujica, A., & Canahua, A. (1989). Fases fenolégicas del
cultivo de la quinua (Chenopodium quinoa Willd.).
Proceedings of the Curso taller : fenologia de
cultivos andinos y uso de la informacién
agrometeoroldgica. Salcedo (pp. 23-27). Puno,
Peru.

National Meteorological Office. (2019 September 12). Les
données climatiques de la région de Ouargla. Office
National de la Météorologique. Direct Link.

Oustani, M. (2006). Contribution a I'étude de l'influence
des amendements organiques sur les propriétés

JAAB | Journal of Agriculture and Applied Biology

105 Volume 4 | Number 1 | June | 2023


https://doi.org/10.1081/FRI-120018866
https://doi.org/10.3389/fpls.2016.00850
https://doi.org/10.3390/su10020532
https://www.mapaq.gouv.qc.ca/SiteCollectionDocuments/Regions/ChaudiereAppalaches/Rapportquinoaavril2017.pdf
http://dx.doi.org/10.1016%2Fj.eja.2006.06.007
http://dx.doi.org/10.14720/aas.2019.113.1.05
https://doi.org/10.21475/ajcs.17.11.03.pne316
https://www.fao.org/3/mb442f/mb442f.pdf
https://doi.org/10.1080/10408398.2014.1001811
https://doi.org/10.1111/tpj.14411
https://doi.org/10.1111/jac.12071
https://www.biosaline.org/sites/default/files/project_brief_quinoa_for_marginal_environments_v2-fre-web.pdf
https://www.idosi.org/aejaes/jaes15(1)15/3.pdf
https://doi.org/10.4236/as.2016.73014
https://doi.org/10.1081/FRI-120018883
https://doi.org/10.32935/2221-7312-2020-45-2-19-22
https://doi.org/10.1111/1462-2920.15850
https://www.meteo.dz/home

Mehda et al,, 2022 / Effect of sowing dates on the vegetative growth and yield parameters of two quinoa genotypes

microbiologiques des sols sableux non salés et salés
dans les régions Sahariennes Cas de Ouargla [Thése
Magister, Uuniversité de Ouargla]. Ouargla.

Oustani, M., Halilat, M. T., & Mehda, S. (2019). Studies of
agronomic performance of quinoa (Chenopodium
quinoa Willd.) genotypes under arid conditions of
northeast of the Algerian Sahara (Case of Oued
righ). In Messaoudi, M. (Ed.), Proceedings of
International Forum of Economics of agricultural
production under the characteristics of agricultural
region in Algeria and Arab countries (pp. 1119-
1124). El Oued - Algeria.

Oustani, M., Mehda S., & Halilat, M. T. (2021).
Valorization of oasis wastes by composting
procedure under hot arid conditions of algerian
saharan regions. Annals of the Romanian Society
for Cell Biology, 25(6), 20976-20994.

Oustani, M., Mehda, S., Halilat, M. T., & Chenchouni, H.
(2023). Yield, growth development and grain
characteristics of seven Quinoa (Chenopodium
quinoa Willd.) genotypes grown in open-field
production systems under hot-arid climatic
conditions. Scientific Reports, 13(1), 1991. Cross-
Ref

Pathan, S., & Siddiqui, R. A. (2022). Nutritional
composition and bioactive components in quinoa
(Chenopodium quinoa Willd.) greens: A review.
Nutrients, 14(3), 558. CrossRef

Programme National de Transfert de Technologie en Ag-
riculture. (2005). Les cultures alternatives : Quinoa,
Amarante Et Epeautre. Bulletin mensuel
d'information et de liaison du Programme National
de Transfert de Technologie en Agriculture. Direct
Link.

Ramesah, K. (2016). Evaluation of quinoa (Chenopodium
quinoa Willd.) at different dates of sowing and
varied crop geometry in semi-arid regions of
Telangana [Master of Science in Agriculture,
Professor Jayashankar Telangana State
Agricultural University]. Telangana, India.

Rathore, S., Bala, M., Gupta, M., & Kumar, R. (2019).
Introduction of multipurpose agro-industrial crop
quinoa (Chenopodium quinoa) in western
Himalayas. Indian Journal of Agronomy, 64(2), 287-
292.

Ruiz, K. B, Biondj, S, Oses, R., Acufia-Rodriguez, I. S,
Antognoni, F,, Martinez-Mosqueira, E. A,, ... Zurita-
Silva, A. (2014). Quinoa biodiversity and
sustainability for food security under climate

change. A review. Agronomy for Sustainable
Development, 34(2), 349-359. CrossRef

Sajjad, A., Munir, H., Ahmed Anjum, S., Tanveer, M., &
Rehman, A. (2014). Growth and development of
chenopodium quinoa genotypes at different sowing
dates. Journal of Agricultural Research, 52(4),
03681157.

Scanlin, L., & Lewis, K. (2017). Quinoa as a sustainable
protein source: Production, nutrition, and
processing. In R. N. Sudarshan, P. D. W. Janitha, & S.
Laurie (Eds.), Sustainable protein sources (1st ed.,
pp. 223-238). Elsevier.

Shoman, A. (2018). Effect of sowing dates and nitrogen
on productivity of quinoa (Chenopodium quinoa
Willd.) at desert areas. Journal of Plant Production,
9(4),327-332. CrossRef

Singh, R. K., Bhatnagar, G., Shukla, A. K, Verma, S. K,,
Supriya, A., & Meena, R. K. (2021). A Review:
Nutritional, Medicinal and Economic Importance
of Quinoa. Current Research in Agriculture and
Farming, 2(2), 5-8. CrossRef

Sultanova, Z., Toderich, K., Baxtiyar, X., & Janibek, U.
(2022). Cultivation of quinoa to improve food
security in arid climate and salinization of the
Southern Aral Sea region. Journal of Arid Land
Studies, 32(3), 72-72. CrossRef

Temel, S.,, & Yolcuy, S. (2020). The effect of different
sowing time and harvesting stages on the herbage
yield and quality of quinoa (Chenopodium quinoa
Willd.). Turkish Journal of Field Crops, 25(1), 41-49.
CrossRef

Ujiie, K., Sasagawa, R., Yamashita, A., Isobe, K., & Ishii, R.
(2007). Agronomic studies on quinoa
(Chenopodium quinoa Willd.) cultivation in Japan.
I. Determination of the proper seeding time in the
southern Kanto district for good performance of
the grain yield. Japanese Journal of Crop Science,
76(1), 59-64. CrossRef

Uke, O. (2016). Effects of Harvest times on herbage yield
and quality of quinoa and teff plants [Graduate
Thesis, Erciyes University Institute of Natural and
Applied Sciences, Department of Field Crop].
Kayseri.

Vega-Galvez, A., Miranda, M., Vergara, ]., Uribe, E., Puente,
L., & Martinez, E. A. (2010). Nutrition facts and
functional potential of quinoa (Chenopodium
quinoa willd.), an ancient Andean grain: a review.
Journal of the Science of Food and Agriculture,
90(15), 2541-2547. CrossRef

JAAB | Journal of Agriculture and Applied Biology

106 Volume 4 | Number 1 | June | 2023


https://doi.org/10.1038/s41598-023-29039-4
https://doi.org/10.1038/s41598-023-29039-4
https://doi.org/10.3390/nu14030558
https://www.agrimaroc.net/bulletins/btta_133.pdf
https://www.agrimaroc.net/bulletins/btta_133.pdf
https://doi.org/10.1007/s13593-013-0195-0
http://dx.doi.org/10.21608/jpp.2018.35702
http://dx.doi.org/10.18782/2582-7146.133
https://doi.org/10.14976/jals.32.3_72
https://doi.org/10.17557/tjfc.737503
https://doi.org/10.1626/jcs.76.59
https://doi.org/10.1002/jsfa.4158

