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Abstract: Quinoa's nutritional advantages have recently brought this plant back into the spotlight;
however, this resurgence brings forth new ecological, scientific, and financial challenges. The crop's
provenance and genetic diversity, exceptional resilience to salt and dryness, as well as its nutritional
attributes, are the reasons behind its potential to offer various ecosystem services and the role of
those Andean farmers in safeguarding the area's agro-biodiversity. This study aimed to investigate
the pheno-morphological traits and yield variations among four quinoa varieties (Chenopodium
quinoa Willd.) and their adaptation to semi-arid soil and climate conditions in El Khroub,
Constantine, Algeria. The results show that all the factors examined in two different seasons vary
considerably in terms of yield and quality. In both seasons, the varieties ASQ and Q26 proved to be
the best-yielding. Highly significant positive relationships were found between grain size, WTG and
grain yield, which were negatively related to flowering days, and that the four varieties show
distinct responses according to the rainfall conditions they encounter. Considering the importance
of this crop in semi-arid zones, this seed could be adapted to the semi-arid regions of Constantine.
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1. Introduction

Between 3000 and 5000 BC, quinoa has been a staple diet for communities; in fact, the Aymara
Indians named this plant "chisya mama," meaning "the mother of all seeds" [1]. Actually, quinoa is
truly a fascinating plant species, with extraordinary nutritional value and the ability to survive in
unfavourable climatic conditions. Consequently, further studies are warranted in all branches of
plant biology, agronomy, and ecology. However, we also believe it's critical to keep in mind that
quinoa's diverse genetic and cultural history must be protected throughout the International Year of
Quinoa [2].

The investigation into the relationships between seasonal climate fluctuations and recurring
biological events such as germination, blooming, migration, and reproduction, as defined by [3], is
known as phenology.
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However, it has been suggested that sea-level cultivars in Chile may be less sensitive to the
negative effects of high temperatures and long days, which may explain their wider adaptation.
Variability between cultivars in sensitivity to photoperiod and temperature for processes
determining the onset of seed filling has not been quantified [4]. According to multiple studies,
quinoa is also resistant to a number of environmental stress conditions, including drought, soil
salinity, frost, disease, and pests [5, 6]. High-quality seeds should be sown at a depth of 1-2 cm in a
uniform, finely structured, wet seedbed at a temperature of 8-108 °C to provide the best results [4].
The planting season lasts from August to December in the Andean highlands and from January to
March in other areas [7]. Quinoa can grow with very little irrigation or little to no rainfal [8].

Quinoa cultivars often have little to no pigmentation on their leaves, stems, branches, and seeds
in the agro-ecological zone (circunlacustre) closest to the lake. When in the vegetative phase of
growth, panicles are green, and the seeds turn white when they are fully mature [9]. The purpose of
this kind of study is to characterize quinoa's reactions to precipitation and flowering temperature in
order to comprehend the fundamentals of quinoa's seasonal adaptability.

Biochemistry Quinoa seeds are characterized by the presence of saponins, which limits their use
as a food. Their quantification is a useful parameter for distinguishing sweet genotypes from Ecuador
and Bolivia and bitter genotypes from southern Chile; bitter genotypes contain more saponins (> 470
mg /100 g) than sweet genotypes (20-40 mg /100 g) [10,11].

The aim of the present study is to characterize quinoa's responses to rainfall and flowering
temperature in order to understand the basis of quinoa's seasonal adaptability. Thus, to evaluate
earliness precocity and 15 measures of morphological descriptors between four quinoa varieties of
diverse origins and to quantify by applying approaches on yield and its components in the semi-arid
region.

2. Materials and methods

Plant material

In this study, four quinoa varieties from different nations were assessed in rainfed conditions.
These varieties included Ammarilla Sacaca (ASQ), Santa Maria (SMQ), Salcedo inia (SIQ), and Q26. The
current investigation focuses on the growth of these four quinoa varieties. Research was conducted
at the Institut Technique des Grandes Cultures (ITGC) in El Khroub, with fieldwork conducted
during two seasons in the semi-arid region to examine variability in morpho-phenological traits:
autumn (cultivated at the end of October 2022 and harvested at the beginning of May 2023) and
spring (cultivated at the beginning of March 2022 and harvested in August 2022).

Location of the experiment

The experiment at the ITGC site in El Khroub, Constantine, Algeria, was conducted at an
elevation of 640 meters, with a latitude of 36.25 degrees North and a longitude of 6.67 degrees East
(Fig. 1). The soil at the site exhibits a flat contour, a dry, slimy-clayey texture, and a depth of 120 cm.
The area has a Mediterranean climate, semi-arid bioclimatic stage, and 450 mm of annual rainfall on
average over a 25-year period.

Figure 1. Geographical location of the study area.
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Experimental set-up
A fully randomized block design with four blocks was adopted for the experimental setup. Three
rows measuring 4 m each, placed 0.5 m apart, make up each micro-plots.

Experimental site conditions
At the site, both seasons experienced low rainfall at the beginning of the cycle, necessitating the
use of irrigation to facilitate germination.

Table 1. Temperature and rainfall in the wilaya of Constantine during the spring growing
season.

Season spring  March April Mai June July August Total
Tempe Max 24.6 28.0 37.9 43.1 423 422 -
Tempe Min 16.5 20.5 27.0 36.6 37.0 35.1 -
Cumul Precips 38.6 15.2 248 0.6 0.4 4.0 83.6

Table 2. Recorded temperature and rainfall in the wilaya of Constantine during the autumn
growing season.

Season Fall  October November December January February March April Total

Tempe Max 31.7 28.0 21.7 18.6 23.8 27.7 324 -
Tempe Min  28.2 20.3 17.6 11.9 14.0 19.0 219 -
Cumul 33.5 61.7 22.0 47 .4 14.2 11.4 19.8 210
Precips

Parameters measured in the field
Morphological characteristics
The standard characteristics listed in the Test Guidelines are those accepted by the International
Union for the Protection of New Varieties of Plants (UPOV) [12].
a) Foliage: color (F/C); glaucescence (F/G).
b) Leaf: size (L/S); serration (L/D); base angle (F/A).
¢) Stem: color (5/C); striae (S/S); striae color (S/CS); leaf axil pigmentation (S/P); height (P/H).
d) Inflorescence: color (I/C).
e) Panicle: color (P/C); density (P/D).
f) Seed: color (S/CL).
g) Total saponin: The saponin content of the seed is measured using a foam test. Typical afrosimetric
method [13].

Precocity parameter
a) Days to flowering: the duration in days between the emergence date and the date when
roughly 50% of the plants in a plot are in flower.
b) Days to maturity: the duration in days from the emergence date to the maturity date, when
the plant has started to dry.

Yield parameters
The determination of yield and its components was carried out on all 10 plants and included
seed yield as well as weight thousand-grain (WTG) and size grain (S/G).

Data processing and analysis

The analysis of variance (ANOVA) was conducted using SPSS software. If a significant
difference was observed, the data were further examined for distinct groups using the Newman-
Keuls test of comparison of means at the 5% cutoff. To explore relationships between agronomic
characteristics, principal component analysis (PCA) and Pearson correlation coefficients were
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calculated. Additionally, to enhance understanding of patterns of variation among varieties, cluster
analysis was employed using the distance matrix of morphological data as input.

3. Results

Morphological studies

Four types of quinoa cultivated in the semi-arid zone were assessed for their various qualitative
morphological traits using fifteen morphological descriptors. Leaf colour exhibited variability based
on the variety, as indicated by the leaf character descriptors (leaves and foliage): medium green leaves
were observed in SIQ and Q26, dark green in SMQ, and purple in ASQ. Glaucescence was also
prevalent in the SIQ, SMQ, and ASQ cultivars. Notably, SIQ and ASQ displayed broader leaves
compared to SMQ and Q26. In terms of leaf serration, Q26 had nine to twelve teeth, SMQ had more
than twelve teeth, and ASQ and Q26 both exhibited three to six teeth.

Five characteristics were taken into account while determining stem descriptors: leaf axil
pigmentation, which was more pronounced in SMQ and ASQ kinds than the others; stem colour and
striae, which varied from green in SIQ, Q26, and SMQ to purple in ASQ with striae present in all
varieties.

The plant heights of the four quinoa varieties could be easily identified in both spring and
autumn, and the mean heights of the different varieties were significant (P> 0.001). In spring, the ASQ
variety recorded the highest quinoa height, at 61.66 cm; the two types Q26 and SIQ recorded the
lowest heights, at 51 and 51.66 cm, respectively. In contrast, the height of the SMQ variety was 54.33
cm. For the autumn season, quinoa varieties showed a slight increase in height, with the exception of
the SIQ variety. It recorded a height of 39.33 cm. The three varieties Q26, SMQ and ASQ measured
69.33, 72.66 and 81 cm, respectively (Table 3).

Throughout the two seasons, there was a wide divergence in the total saponins of the four
quinoa varieties. Analysis of variance of total saponin revealed a highly significant difference (P<
0.0001). In spring, the two types ASQ and SIQ showed saponin variations of 4 and 5.63 cm,
respectively, while the two varieties Q26 and SMQ had the same estimates of 0.7 and 0.7 cm,
respectively. In contrast to the observations during the autumn season, which showed a noticeable
drop in the saponin content of all the varieties examined. The levels for varieties Q26 and SMQ were
0.36 and 0.39 cm respectively. In contrast, the values for the two varieties ASQ and SIQ were 3.56 and
5 cm respectively (Table 3).

Hierarchical cluster analysis
To provide a more detailed description of the observed relationships, a similarity-based
grouping of observable features was utilized (Fig. 2). The dendrogram resulting from the hierarchical
classification of measurable features based on similarity reveals three distinct character groupings:
The relationships depicted in Figure 2 were further delineated by clustering measurable features
based on similarity. The dendrogram resulting from the hierarchical classification of measured
features according to similarity reveals three-character groups:
- Class 1: This class consists of the SIQ variety, which is the initial group in the cluster.
- Class 2: consists of two types: Q26 and ASQ.
- Class 3: This group is composed of the SMQ variant. The difference between classes 1 and 3
is 6.48%. Classes 2 and 3 are separated by a distance of 6.85%. The significant difference
between classes 1 and 2 is 7.81 percent.
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Figure 2. Hierarchical dendrogram illustrating the relationships between the qualitative
characteristics of the quinoa varieties studied

Precocity study

The results of the phenological phases of the four quinoa varieties from the semi-arid region
were documented. The development cycle of the SIQ and Q26 varieties for the spring season began
fairly early, and that of the SIQ, Q26 and ASQ varieties for the autumn season between 3 and 7 days.

Analysis of variance reveals a highly significant difference (p<0.0001). For the two varieties SIQ
and Q26 in spring, the flowering phase lasts less than 80 days compared with the others. Comparing
the two varieties, the flowering phase required 80 days for SMQ and 98 days for ASQ. On the other
hand, SIQ and ASQ last 100 days during the autumn season, while Q26 and SMQ last less than 100
days.

Whereas the maturation stage took over 130 days for the SMQ and ASQ variety in spring.
Analysis of variance for the number of days of flowering (NDF) and number of days of maturation
(NDM) reveals a highly significant difference (p<0.0001). physiological maturity took place in less
than 130 days for both varieties SIQ and Q26. Although the SIQ and Q26 varieties had an autumn
season of less than 190 days, the SMQ and ASQ varieties had an autumn season of more than 190
days (192 and 206 days, respectively) (Table 3).

Yield study

A frequency distribution was employed to enhance the categorization of varieties based on seed
size (mm), thousand-seed weight (WTG), and grain yield measurements taken over two seasons
using a random sample of seeds in each replicated plot (Table 3).

The two seasons and the four varieties of quinoa studied had different grain diameters. The
results for grain diameter were not statistically different (P<0.05). In spring, the three varieties (SMQ,
Q26 and ASQ) have different grain diameters of 2.16, 2.33 and 2.5 mm, respectively. Whereas the SIQ
variety has the smallest estimated diameter (1.66 mm), respectively. This compares with the autumn
season data (table 3), which showed a relative reduction in seed diameter for two varieties, Q26 and
SMQ, with diameters of 1.5 and 1.33 mm, respectively. In contrast, the diameters of the two varieties
SIQ and ASQ grew relatively, measuring 2.16 and 2.83 mm respectively.

The WTG values tended to converge for all four quinoa varieties. Results were not statistically
different (p<0.01). The ASQ variety obtained the highest WTG value for the spring season with 2.9 g,
while the Q26 variety came second with 2.2 g. In contrast, the two quinoa varieties, SIQ and SMQ,
achieved the lowest WTG values of 1.64 and 1.86 g, respectively. During the autumn season, the ASQ
variety showed an improvement in WTG, with a weight of 3.3 g, while the three varieties SIQ, Q26
and SMQ showed a slight decrease in WTG, with the same weight recorded for the two varieties SIQ
and SMQ of 1.86 g. Given that the WTG of variety Q26 was 2 g, (table 3).

That all the quinoa varieties studied had reasonable grain yields. The three quinoa varieties
studied also visibly converged in terms of WTG over the two seasons. With the exception of ASQ,
which diverged from the other varieties (Table 3). The results vary considerably (p<0.0001). The
highest yield estimate during the spring season was recorded for ASQ with 8.43 qt/ha. While the
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three varieties SIQ, SMQ and Q26 had yields varying respectively between 3.35, 3.42 and 5.22 qt/ha.
For the two varieties SIQ and ASQ, we observed a significant increase in grain yield throughout the
autumn, with yields of 4.7 and 12.9 qt/ha, respectively. In contrast, the two varieties Q26 and SMQ
recorded a remarkable reduction in yield. Q26 yielded 4.83 gt/ha. The lowest yield was achieved by
SMQ), at 2.38 qt/ha.

Table 3. Variables values measured in the studied varieties of quinoa.

Season Varieties NDF NDM WTG Yield S/G HP
(qt/ha)
SIQ 78 125 1.64 3.39 1.6 51.66
Spring +1.11(a) +1.11(a) +0.11(a) +0.28(a) +0.44(a) +5.55(a)
Q26 72 128 2.2 5.22 2.1 51
+0.44(a) +1.11(a) +0.12(b) +0.56(b) +0.44(b) +7.33(b)
SMQ 80 135 1.86 3.42 2.1 54.33
+1.77(b)  #1.77(b)  +0.18(a) +0.22(b) +0.22(b) +4.22(b)
ASQ 98 147 2.90 8.42 2.6 61.66
+1.11(b) +1.17(b) +0.14(b) +0.86(b) +0.2(b)  £7.77(b)
SIQ 100 172 1.86 + 4.70 1.5 39.33
+1.33(b) +1.77(a) 0.04(a) +0.44(a) +0.55(b) +2.22(a)
Fall Q26 72 185 2.00 4.84 2.3 69.33
+1.55(a) +3.33(a) +0.046(a) +0.42(a) +0.33(a)  +3.55(b)
SMQ 82 192 1.86 +0.04 2.38 1.3 72.66
+1.33(b) +1.11(b) (b) +0.29(b) +0.44(b) +11.55(b)
ASQ 100 206 3.30 12.9 2.9 81
+2.22(a) +1.17(b) +0.22 (b) +0.69(b) +0.22(b) +9.33 (b)
Sig_level * ¥ bt b2 * bk * *

* ¥ % significant effects at 5,1, 0.1 %, respectively. In each column different letters mean
significant differences (p<0.05). NDF: number days of flowering; NDM: number days of maturation;
WTG: weight of thousand grains; S/G: size grain; H/P: height of plants; qt/ha: quintal / hectare.

Correlation between variables

Positive correlations between the measured values, ranging from low to high correlation, are
revealed by the analysis of the correlations between the parameters (Table 3).

We can determine the elements to be used as selection criteria by understanding the connections
between the various qualities. On the other hand, the correlation analysis (Table 4) revealed a strong
positive association between yield and S/G (r = 0.84) and WTG (r = 0.96). Significant positive
associations were also seen between WTG and NDF (r=0.59), S/G (r=0.85), and HP (r=0.56).

Table 4. Matrix of correlations between variables.

Variables NDF NDM WTG Yield (qt/ha)  S/G HP
NDF 1 0.3960 0.5948 0.6253 0.2722 0.0608
NDM 0.3960 1 0.3849 0.4087 0.1674 0.6840
WTG 0.5948  0.3849 1 0.9604 0.8554 0.5680
Yield (qt/ha) 0.6253  0.4087 0.9604 1 0.8484 0.4964
S/G 02722 0.1674 0.8554  0.8484 1 0.4903
HP 0.0608  0.6840 0.5680 0.4964 0.4903 1

NDF: number days of flowering; NDM: number days of maturation; WTG: weight of thousand
grains; S/G: size grain; H/P: height of plants; qt/ha: quintal / hectare.
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PCA analysis

A principal component analysis (PCA) was performed on the 6 variables. The percentage of
information given by axis 1 is 61.90% and that given by axis 2 is 18.78%, i.e. 80.68% of the total
variation (Figure 3). On the positive side, axis 1 is defined by the majority of productivity-related
traits, including WTG (r=0.49), Yield (r=0.49), S/G (r=0.42), and NDF (r=0.31). HP (r=0.58) and NDM
(r =0.64) determine the positive side of axis 2 (Table 5).

Table 5. Projection of the various traits studied onto the planes of the two PCA axes.

F1 F2
NDF 0.3191 -0.2773
NDM 0.3081 0.6473
WTG 0.4982 -0.1931
Yield (qt/ha) 0.4951 -0.2237
S/IG 0.4273 -0.2664
HP 0.3568 0.5881

NDF: number days of flowering; NDM: number days of maturation; WT'G: weight of thousand
grains; S/G: size grain; H/P: height of plants; qt/ha: quintal / hectare.

Variables (axes F1 et F2 : 80,68 %)
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Figure 3. Correlation graph of analyzed precocity and yield parameters.



J Agron Technol Eng Manag 2024, 7(6), 1221-1234. https://doi.org/10.55817/DBSK7590 1228

Biplot (axes F1 et F2 : 80,68 %)

5
N

. e
< 3
R 2 e Q26'F
2 1 o
~ o ° ASQ F
- e siog

Sl
-1 = SMQ'S Q26 S WTG
22 NDF S),Geld (gt/ha)
-5 -4 -3 -2 -1 0 1 2 3 4 5
F1 (61,90 %)

Figure 4. Graph showing correlations between varieties and the precocity and yield
parameters analyzed.

4. Discussion

Temperature and precipitation differ during the spring and autumn seasons. In our study,
climatic changes were mainly characterized by a decrease in water availability and an increase in
temperature. Only 83.6 mm of total precipitation fell on the crop during the spring season, compared
with 210 mm in the autumn. On the other hand, during spring cultivation, plants were exposed to
high temperatures ranging from 37°C to 43 °C at flowering. In this study, the four quinoa varieties
showed differences in phenology throughout the life cycle in both seasons. The varieties showed a
longer vegetative phase; they reached visible flowering 60 days after emergence in both seasons.
These results are in agreement with those of [14], their quinoa crop underwent a long vegetative
phase. It's worth noting that in spring, both varieties SIQ and SMQ are semi-precocious, variety Q26
is late and variety ASQ is precocious. In autumn, variety Q26 is also early, variety SMQ is semi-
precocious and varieties SIQ and ASQ are late. These results concur with those of [15], Both quinoa
cultivars grew between 120 and 240 days, from sowing to harvest. According to [16], this means that
different genotypes have different durations for their developmental stages, and different total
growth periods: 126-157 days in Europe, 131-200 days in Peru and 110-190 days in South America.
[7] states that quinoa can reach physiological maturity in 70 to 90 days; or it can take between 5 and
8 months to mature, depending on the type.

Given the early maturity of this plant, the timing of flowering could be retained as a valuable
agronomic trait [3]. The manifestation of considerable genotypic heterogeneity and the effect of
environmental variables both contribute to the development of significant phenotypic variability, as
all these results show [17].

In general, the spring crop matures earlier than the autumn crop. During their growth cycle, the
different varieties experienced abundant rainfall in June (0.6 mm), which likely affected flowering
stages and created anaerobic conditions in the soil. These conditions may have contributed to growth
differences between the two planting seasons. Seasonal temperatures reaching 43°C can significantly
influence physiological maturity dates, grain yield, and the onset of flowering. Our findings align
with those of [18], who observed early ripening in the Titicaca variety of quinoa under drought stress.
Additionally, [5] suggest that variable phenology and early maturity are strategies employed by
quinoa to adapt and escape water limitation". [19] has reported that the timing of flowering depends
on the interaction of various complex processes that are controlled by genetic and/or environmental
variables. This could be associated to the need for more water during flowering [20]. According to
[21], irregular rainfall and high temperatures, which also contribute to desertification by reducing
vegetation cover, are variables that limit the growth of plant species. Contrary to the effects of heavy
rainfall, wet periods during the growing season have a significant impact on crop growth and yield
due to the waterlogging or leaching of soil nutrients, as well as the concentration of specific ions that
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can be toxic and cause a defect in soil construction [22]. Ensuring water availability for all critical
phenological stages (panicle formation, flowering and grain filling) is strongly recommended.
However, early sowing is recommended in autumn to receive maximum annual rainfall.

The most precocious spring varieties had the shortest heights, attaining only less than 100 cm,
while maximum plant height was observed during the majority of autumn season varieties. These
results are consistent with [14]; they both reported that quinoa presents a height between 56 and 84
cm. Where, lack of rainfall has a detrimental effect on quinoa performance. As [23], indicates quinoa
variety characteristics and growing environment have a significant impact on plant height. [24]
demonstrate that the environment has a significant impact on plant height, in particular growth-
limiting elements linked to meteorological parameters such as rainfall and thermal variations that
can hinder plant development. In the absence of irrigation, [25] found that quinoa plants decreased
considerably in height. [26] suggest that drought disrupts mitosis, cell elongation and expansion,
resulting in reduced growth. Or, in the event of water deficit, perturbation of water flow from the
xylem to the adjacent elongated cells may prevent the plant's superior cells from elongating, leading
to reduced cell enlargement and increased leaf senescence in drought-exposed plants [27].

Quinoa's high saponin content, which varies from 0.1 to 5% of the seed, is one of its
inconveniences [7]; its high content has made it difficult to diversify this crop. The different quinoa
varieties had varying amounts of saponin. Among the abiotic factors influencing plant metabolism,
and in particular saponin content, is water availability. Comparing the two seasons, spring saw an
increase in the number of saponins in the seeds. The saponin content of some quinoa seeds varies
according to the growing environment; in general, a dry climate presents higher saponin content [28].
Our results appear to be in line with those of [29], who found that quinoa seeds responded to drought
by producing more saponins. According to a study by [8], the quinoa cultivar with high initial
saponin content decreased by 9% under high irrigation and increased by 25% under low irrigation.
In contrast, the cultivar with low initial saponin content decreased by 26% and 57% under high and
low irrigation conditions, respectively.

Based on [30], the climatic temperature profile during the plant's growing season proved to be
the decisive factor for yam saponin concentration. On the other hand, the steroidal saponins
spirostanol and furostanol were shown to be more abundant at lower soil temperatures. [11] found
that saponin levels were higher in trees growing in difficult environments. These results implicate
that stress leads to an increase in saponin synthesis, which may play a role in a plant's ability to adapt
to harsh soil-climate conditions. [8] affirmed that the saponin concentration measured varied
between types and remained constant within the same order of magnitude from one harvest to the
next. As regards the impact of irrigation conditions on saponin content, we are unable to conclude.

The grain size of quinoa exhibits notable variability across its four varieties. The SIQ and ASQ
variants display the largest grains during autumn, whereas the Q26 and SMQ varieties exhibit their
largest grains in spring. In a study by [31], grain diameters were reported to range from 1.44 to 2.15
mm. This variation may be attributed to the restrictive conditions prevalent during spring,
particularly during the June—August period, coinciding with grain filling and flowering, resulting in
a reduction in grain size. Furthermore, [32] found that heat stress could account for differences in
seed size among various irrigation treatments. This stress was mitigated under conditions of long
days and warm temperatures 21 days post-anthesis. Additionally, grain size may be influenced by
the structure of panicles and their arrangement. However, [33] propose in the context of wheat that
larger ears tend to produce larger grains, alongside constitutively smaller grains formed at distant
positions.

Evaluation of Chilean germplasm under high-altitude conditions and multi-environment trials
by [34] revealed significant differences in grain morphological characteristics among variables,
suggesting the potential for genetic progress through simultaneous selection for both traits.

Quinoa varieties grown in two distinct seasons—spring and autumn—showed a significant
decrease in WTG in spring, with the exception of the Q26 variety which produced a high WTG in
autumn. Our results range from 1, 64 to 3, 3 g. These findings are consistent with those of [31], who
estimated a WTG of between 3 and 4, 75 g. Temperature and rainfall are the explanatory variables
that determine whether WTG levels drop or increase [31]. Moderate drought stress during grain
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loading is most likely the cause of the poor distribution of rainfall in the spring. The reduction in
WTG seen in springtime quinoa varieties aligned with the findings of [15], who reported a correlation
between this feature and the degree of water stress. In a similar vein, under heat stress, the WTG of
quinoa seeds varied from 0.24 to 0.45 g [32].

Environmental factors can influence yield components both positively and negatively [35, 36].
Improvements in panicle width, Nb G/P, and WTG appear to be directly correlated with this
phenomenon [37]. According to the results, the varieties performed better in autumn than in spring,
yielding moderate harvests. The extended period of soil drying and high temperatures likely
contributed to the low cereal production in spring. These findings align with those of [31], who
noted that plants in northern regions yield very low quinoa grain quantities, ranging from 3.4 to 8.09
gt/ha, and in the central Bolivian Altiplano, between 1.2 and 2 Mg/ha [38]. In southwestern North
America, between 1.88 and 19 qt/ha [32]; or less than 1 qt/ha in southern Chile [14]. These findings
support other research that demonstrates drought can lead to poorer yields; two studies on the
subject of quinoa, one by [15] and the other by [39], demonstrated this relationship. [40] found that
genotypes varied greatly in terms of morphological characteristics and yields under three distinct
water regimes. [38] quinoa study shown that drought stress during flowering and early grain filling
significantly reduces yield. They do, however, contend that irrigation is necessary for early grain
filling, flowering, and plant establishment in order to stabilize production over time. Thus, stomatal
closure in response to low soil water content may be responsible for the drought-related reduction in
plant yield that leads to reduced CO: absorption and, in turn, photosynthesis [27]. Furthermore,
reduced yields have been associated with temperatures exceeding 40°C during both the blooming
and seed-filling stages. [32] observed that when temperatures surpassed 35°C, inflorescences either
produced no seeds or yielded empty seeds, consistent with findings from studies on quinoa.
Additionally, research conducted by [14, 41] demonstrated diminished yields in regions exposed to
intense heat, attributed to the adverse impacts of high temperatures on biomass production.
Similarly, [42] revealed that elevated temperatures (35°C) during quinoa flowering led to the
reabsorption of seed endosperm and inhibited anther dehiscence in flowers. Stress has a less
damaging impact on organisms during the reproductive phase than the vegetative phase. According
to [43], these effects are phase-specific and are most apparent during flowering and seed
development; and suboptimal temperatures and drought at flowering, according to [26, 44] are
crucial as they can increase pollen sterility and reduce yield.

5. Conclusion

In the semi-arid region of Algeria, a study was conducted to explore the pheno-morphological
diversity of four quinoa varieties, aiming to assess the agro-morphological characteristics of this crop.
The distinct morphological variations inherent to each variety were elucidated through fifteen
morphological traits. Notably, the study found that temperature and drought had a substantial
influence on quinoa growth, development, and productivity, diverging from conventional literature
predictions. This complexity may be attributed to various environmental factors and the timing of
planting. Despite these challenging climatic conditions, the autumn season is recommended as the
optimal sowing period for comparative seasonal research on quinoa cultivation. Additionally, based
on yield and WTG (waiting to germination), the varieties ASQ and Q26 are proposed as promising
options. Low soil water availability frequently coincides with the grain filling period, resulting in
low-yielding harvests. Consequently, cultivation should be carried out in autumn to benefit from
autumn rains and moderate temperatures during the vegetative phase, or growth should start before
early spring to avoid the end of the vegetation period and the hot, dry climatic conditions of summer
in semi-arid regions, which make harvesting difficult and reduce seed quality. Thus, our initial results
lead us to identify quinoa as a plant resistant to very difficult environmental conditions, and the
significant correlations observed between morphological and agronomic characteristics make the
traits concerned relevant indices for use in breeding programs. As a result, our preliminary findings
indicate quinoa's resilience to challenging environmental conditions. Furthermore, the notable
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correlations observed between morphological and agronomic traits suggest that these characteristics
can serve as valuable indicators in breeding programs.

To this end, the availability of water-tolerant quinoa varieties, the provision of drainage

infrastructure and the dissemination of relevant seasonal information to farmers could help them
better organize and profit from their farming activities, making quinoa a promising alternative crop
for arid and semi-arid regions.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

Bazile D., Pulvento C., Verniau A., Al-Nusairi M.S., Ba D., Breidy J., Hassan L., Mohammed M.I., Mambetov
O., Otambekova M., Sepahvand N.A. Worldwide evaluations of quinoa: preliminary results from post
international year of quinoa FAO projects in nine countries. Frontiers in plant science, 2016, 7, 850.

https://doi.org/10.3389/fpls.2016.00850

Ruiz K.B., Biondi S., Oses R., Acufa-Rodriguez 1.S., Antognoni F., Martinez-Mosqueira E.A., Molina-
Montenegro M.A. Quinoa biodiversity and sustainability for food security under climate change. A review.

Agronomy for Sustainable Development, 2013, 34, 349-359. https://doi.org/10.1007/s13593-013-0195-0

Berthet J. Dictionary of biology. 1t edition. Edition de Boeck Université et Larcier s.a. 2006.
Jacobsen S.E. The Worldwide Potential for Quinoa (Chenopodium quinoa Willd.). Food Reviews International,
2003, 19(1-2), 167-177. https://doi.org/10.1081/FRI-120018883

Jacobsen S.E., Mujica A., Jensen C.R. The resistance of quinoa (Chenopodium quinoa Willd.) to adverse abiotic
factors. Food Reviews Internationa, 2003, 19(1-2), 99-109. https://doi.org/10.1081/FRI-120018872
Parvez S., Abbas G., Shahid M., Amjad M., Hussain M., Asad S.A., Imran M., Naeem M.A. Effect of salinity

on physiological, biochemical and photostabilizing attributes of two genotypes of quinoa (Chenopodium
quinoa Willd.) exposed to arsenic stress. Ecotoxicology and Environmental Safety, 2020 187, 109814.
https://doi.org/10.1016/j.ecoenv.2019.109814

Valencia-Chamorro S.A. Quinoa. Encyclopedia of Food Science and Nutritio, 2003, 8, 4895-4902.
http://dx.doi.org/10.13140/2.1.3142.2726

Marti'nez E.A., Veas Jorquer C., San Marti'n R, Jara P. Re-Introduction of Quinoa into Arid Chile:

Cultivation of Two Lowland Races under Extremely Low Irrigation. Journal Agronomy & Crop Science, 2009,

195(1), 1-10. Doi.org/10.1111/].1439-037X.2008.00332.x.

Aguilar P.C., Jacobsen S.E. Cultivation of quinoa on the Peruvian Altiplano. Food Reviews International, 2003,

19(1-2), 31-41. Doi.org/10.1081/FRI-120018866

Mastebroeck H.D, Limburg H., Gilles T., Marvin H.J.P. Occurrence of sapogenins in leaves and seeds of
quinoa (Chenopodium quinoa Willd.). J. Sci. Food Agric, 2000, 80, 152-156.Doi.org/10.1002/(SICI)1097-
0010(20000101)80:1<152:: AID-J[SEA503>3.0.CO;2-P.

Szakiel A., Paczkowski C., Henry M. Influence of environmental abiotic factors on the content of saponins in
plants. Phytochemistry Reviews, 2011, 10, 471-491. https://doi.org/10.1007/s11101-010-9177-x

UPOV: Quinoa (Chenopodium quinoa Willd.).
https://www.upov.int/meetings/fr/doc_details.jsp?meeting id=48107&doc id=416755.

Koziol M.]. Afrosimetric estimation of threshold saponin concentration for bitterness in quinoa (Chenopodium
quinoa  Willd).  Journal of the Science of Food and Agriculture, 1991, 54, 211 -219.
https://doi.org/10.1002/jsfa.2740540206



https://doi.org/10.3389/fpls.2016.00850
https://doi.org/10.1007/s13593-013-0195-0
https://doi.org/10.1081/FRI-120018883
https://doi.org/10.1081/FRI-120018872
https://doi.org/10.1016/j.ecoenv.2019.109814
http://dx.doi.org/10.13140/2.1.3142.2726
https://doi.org/10.1111/j.1439-037X.2008.00332.x
https://doi.org/10.1081/FRI-120018866
https://doi.org/10.1002/(SICI)1097-0010(20000101)80:1%3C152::AID-JSFA503%3E3.0.CO;2-P
https://doi.org/10.1002/(SICI)1097-0010(20000101)80:1%3C152::AID-JSFA503%3E3.0.CO;2-P
https://doi.org/10.1007/s11101-010-9177-x
https://www.upov.int/meetings/fr/doc_details.jsp?meeting_id=48107&doc_id=416755
https://doi.org/10.1002/jsfa.2740540206

] Agron Technol Eng Manag 2024, 7(6), 1221-1234. https://doi.org/10.55817/DBSK7590 1232

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

Lesjak J., Calderini D.F. Increased night temperature negatively affects grain yield, biomass and grain
number in Chilean quinoa. Frontiers in Plant Science, 2017, 8, 352. https://doi.org/10.3389/fpls.2017.00352
Gémez A. L., Soba D., Zamarrefio A. M., Garcia-Mina J. M., Aranjuelo 1., Morales F. Effect of Water Stress

during Grain Filling on Yield, Quality and Physiological Traits of Illpa and Rainbow Quinoa (Chenopodium
quinoa Willd.) Cultivars. Plants, 2019, 8(6), 173. https://doi.org/10.3390/plants8060173

Pulvento C., Riccardi M., Lavini A., d’Andria R., Iafelice G., Marconi E. Field trial evaluation of two
Chenopodium quinoa genotypes grown under rain-fed conditions in a typical Mediterranean environment in
South Italy. Journal of agronomy and crop sience, 2010, 196(6), 407-411. https://doi.org/10.1111/1.1439-
037X.2010.00431.x

Bonny S.B., Dje Y. Morphological and agronomic variability of traditional voandzou varieties [Vigna
subterranea (L.) Verdc.(fabaceae)] from Ivory Coast. Journal of Applied Biosciences, 2011, 41, 2820-2835.
http://www.m.elewa.org/JABS/2011/41/9.pdf

Sun H.Y,, Liu C.M,, Zhang X.Y., Shen Y.J., Zhang Y.Q. Effects of irrigation on water balance, yield and WUE
of winter wheat in the North China Plain. Agric. Water Manage, 2006, 85, 211-218.
Doi.org/10.1016/j.agwat.2006.04.008.

Uarrota V.G. Response of cowpea (Vigna subterranea (L.) walp.) to water stress and phosphorus fertilization.

Journal of Agronomy, 2010, 9, 87-91. https://doi.org/10.3923/ja.2010.87.91

Atteya A.M. Alteration of water relations and yield of corn genotypes in response to drought stress. Bulg. J.
Plant Physiol, 2003, 29(1-2), 63-76. https://obzor.bio21.bas.bg/ipp/gapbfiles/v-29/03 1-2 63-76.pdf
Toumi M., Barris S., Berka S., Aid F. Effets Du Stress Hydrique Sur La Physiologie Et La Morphologie De

Plants Du Robinier, Robinia Pseudoacacia, D’algérie. Bois & Forets Des Tropiques, 2022,354, 7-17.
https://doi.org/10.3389/fpls.2017.00352

Salack S., Sarr B., Sangare S.K., Ly M., Sanda I.S. Kunstmann H. Crop-climate ensemble scenarios to improve
risk assessment and resilience in the semi-arid regions of West Africa. Climate Research, 2015, 65, 107-121.

https://doi.org/10.3354/cr01282.

Bazile D. Quinoa: The Challenges of a Conquest. Editions Qua, Cirad — Agritrop, Paris, 2015, pp.1-112.

Khan A.J., Azam F., Ali A. Relatioship of morphological traits and yield in recombinant inbread wheat lines
grown under drought conditions. Pakistan  Journal —of Botanic, 2010, 42(1), 259-267.
https://pakbs.org/pjbot/PDFs/42(1)/P]B42(1)259.pdf.

Yang A, Akhtar S, Amjad M, Igbal S and Jacobsen SE (2016) Growth and physiological responses of quinoa
to drought and temperature stress. Journal of Agronomy and Crop Science 202(6): 445-453.
https://doi.org/10.1111/jac.12167

Hussain M., Malik M. A, Farooq M., Ashraf M.Y., Cheema M.A. Improving Drought Tolerance by Exogenous
Application of Glycinebetaine and Salicylic Acid in Sunflower. Journal of Agronomy and Crop Science, 2008,
194(3), 193-199. https://doi.org/10.1111/;.1439-037X.2008.00305.x

Anjum S.A,, Xie X.Y., Wang L.C., Saleem M.F., Man C., Lei W. Morphological, physiological and biochemical

responses of plants to drought stress. African journal of agricultural research, 2011, 6(9), 2026-32. Morphological,
physiological and biochemical responses of plants to drought stress (academicjournals.org)

Troisi J., Di Fiore R., Pulvento C., D’andria R., Vega-Galvez A., Miranda M., Martinez E.A., Lavini A.
Saponins. In State of the Art Report of Quinoa in the World. CIRAD, FAO. 2013, 267-277.

Razzaghi F., Jacobsen S.E., Jensen C.R., Andersen M.N. Ionic and photosynthetic homeostasis in quinoa
challenged by salinity and drought — mechanisms of tolerance. Functional Plant Biology, 2015, 42(2), 136.
https://doi.org/10.1071/FP14132



https://doi.org/10.3389/fpls.2017.00352
https://doi.org/10.3390/plants8060173
https://doi.org/10.1111/j.1439-037X.2010.00431.x
https://doi.org/10.1111/j.1439-037X.2010.00431.x
http://www.m.elewa.org/JABS/2011/41/9.pdf
https://doi.org/10.1016/j.agwat.2006.04.008
https://doi.org/10.3923/ja.2010.87.91
https://obzor.bio21.bas.bg/ipp/gapbfiles/v-29/03_1-2_63-76.pdf
https://doi.org/10.3389/fpls.2017.00352
https://doi.org/10.3354/cr01282
https://pakbs.org/pjbot/PDFs/42(1)/PJB42(1)259.pdf
https://doi.org/10.1111/jac.12167
https://doi.org/10.1111/j.1439-037X.2008.00305.x
https://academicjournals.org/article/article1380900919_Anjum%20et%20al.pdf
https://academicjournals.org/article/article1380900919_Anjum%20et%20al.pdf
https://doi.org/10.1071/FP14132

J Agron Technol Eng Manag 2024, 7(6), 1221-1234. https://doi.org/10.55817/DBSK7590 1233

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Lacaille-Dubois M.A., Mitaine-Offer A.C. Triterpene saponins from Polygalaceae. Phytochemistry Reviews,
2005, 4, 139-149. https://doi.org/10.1007/s11101-005-2606-6

Miranda M., Vega-Galvez A., Martinez E., Lopez ], Rodriguez M.]., Henriquez K., Fuentes F. Genetic
diversity and comparison of physicochemical and nutritional characteristics of six quinoa (Chenopodium
quinoa willd.) genotypes cultivated in Chile. Food Science and Technology, 2012, 32, 835-843.
https://doi.org/10.1590/50101-20612012005000114

Walters H., Carpenter-Boggs L., Desta K., Yan L., Matanguihan J., Murphy K. Effect of irrigation, intercrop,
and cultivar on agronomic and nutritional characteristics of quinoa. Agroecology and Sustainable Food Systems,

2016, 40, 783-803. https://doi.org/10.1080/21683565.2016.1177805

Béral A., Allard V., Girousse C., Le Gouis ]J. Déterminisme génétique et écophysiologique de la variabilité
des tailles de grains de blé tendre. Phloeme: biennales de 'innovation céréaliére, Arvalis - Institut du végétal. 2020,

https://hal.inrae.fr/hal-02939378.

Bertero H.D., De la Vega A.]., Correa G., Jacobsen S.E., Mujica A. Genotype and genotype-by-environment
interaction effects for grain yield and grain size of quinoa (Chenopodium quinoa Willd.) as revealed by pattern
analysis of international multi-environment trials. Field Crops Res, 2004, 89, 299-318.

https://doi.org/10.1016/j.fcr.2004.02.006

Matsuyama H., Ookawa T. The effects of seeding rate on yield, lodging resistance and culm strength in

wheat. Plant Production Science, 2020, 23(3), 322-332. https://doi.org/10.1080/1343943X.2019.1702469.

Slafer G., Garcia G., Serrago R., Miralles D. (2022) Physiological drivers of responses of grains per m2 to
environmental and genetic factors in wheat. Field Crops Research, 2022, 285, 108593.
https://doi.org/10.1016/j.fcr.2022.108593

Hussain M., Malik M.A., Farooq M., Khan M.B., Akram M., Saleem M.F. Exogenous Glycinebetaine and

Salicylic Acid Application Improves Water Relations, Allometry and Quality of Hybrid Sunflower under
Water Deficit Conditions. Journal of Agronomy and Crop Science, 2009, 195(2), 98-109.
https://doi.org/10.1111/1.1439-037X.2008.00354.x

Geerts S., Raes D., Garcia M., Vacher J., Mamani R., Mendoza J., Taboada C. (Introducing deficit irrigation to
stabilize yields of quinoa (Chenopodium quinoa Willd.). European journal of agronomy, 2008, 28, 427-436.
https://doi.org/10.1016/j.eja.2007.11.008

Hirich A., Choukr-Allah R., Jacobsen S.E. The combined effect of deficit irrigation by treated wastewater and
organic amendment on quinoa (Chenopodium quinoa Willd.) productivity. Desalination and Water Treatment,
2014, 52, 2208-2213. https://doi.org/10.1111/jac.12392

Al-Naggar AM., Abd El-Salam R.M., Badran A.E., El-Moghazi M. Genotype and drought effects on

morphological, physiological and yield traits of quinoa (Chenopodium quinoa Willd.). Asian ]. Adv. Agric. Res,
2017, 3(1), 1-5. https://doi.org/10.9734/AJAAR/2017/36655

Peterson A.]. Salinity tolerance and nitrogen use efficiency of quinoa for expanded production in temperate North
America. PhD thesis, University of Washington State. 2013.
https://www.dissertations.wsu.edu/Thesis/Spring2013/a peterson 041513.pdf.

Hinojosa L., Gonzalez ].A., Barrios-Masias F.H., Fuentes F., Murphy K.M. Quinoa abiotic stress responses: A

review. Plants, 2018, 7(4), 106. Doi.org/10.3390/plants7040106.

Hussain S., Hussain S., Qadir T., Khaliq A., Ashraf U., Parveen A., Rafiq M. (Drought stress in plants: An
overview on implications, tolerance mechanisms and agronomic mitigation strategies. Plant science today,

2019, 6(4), 389-402. Doi.org/10.14719/pst.2019.6.4.578.



https://doi.org/10.1007/s11101-005-2606-6
https://doi.org/10.1590/S0101-20612012005000114
https://doi.org/10.1080/21683565.2016.1177805
https://hal.inrae.fr/hal-02939378
https://doi.org/10.1016/j.fcr.2004.02.006
https://doi.org/10.1080/1343943X.2019.1702469
https://doi.org/10.1016/j.fcr.2022.108593
https://doi.org/10.1111/j.1439-037X.2008.00354.x
https://doi.org/10.1016/j.eja.2007.11.008
https://doi.org/10.1111/jac.12392
https://doi.org/10.9734/AJAAR/2017/36655
https://www.dissertations.wsu.edu/Thesis/Spring2013/a_peterson_041513.pdf
https://doi.org/10.3390/plants7040106
https://doi.org/10.14719/pst.2019.6.4.578

J Agron Technol Eng Manag 2024, 7(6), 1221-1234. https://doi.org/10.55817/DBSK7590 1234

44. Slafer GA, Foulkes M]J, Reynolds MP, Murchie EH, Carmo-Silva E, Flavell R, Gwyn ], Sawkins M and
Griffiths S. A “wiring diagram’ for sink strength traits impacting wheat yield potential. Journal of Experimental

Botany, 2023, 74, 40-71. https://doi.org/10.1016/j.fcr.2022.108593

© 2024 by the authors. Submitted for possible open access publication under the terms
@ ® and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.1016/j.fcr.2022.108593

