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Abstract: Increased demand for quinoa as a functional food has resulted in more quinoa-growing
areas and initiatives to increase grain production, particularly in organic agriculture. Quinoa seeds
are a superfood with incredible nutritional benefits. They are abundant in secondary metabolites with
significant medicinal activity. This report was consequently performed to investigate whether Azolla
fliculoides (AE) or moringa leaf extract (MLE) foliar spray can be supplemented as organic extracts to
enhance quinoa growth and productivity under organic farming. Three quinoa cultivars, KVL–SRA2
(C1), Chipaya (C2), and Q–37 (C3), were grown organically and subjected to foliar spraying with
AE or MLE at a 20% ratio, as well as their combination (AE+MLE). Plant performance of the three
cultivars was significantly enhanced by MLE or AE applications as compared with control plants.
The highest outputs were obtained by AE+MLE treatment, which significantly increased the seed
yield by about 29% as compared with untreated plants. Seed quality exhibited a marked increase in
response to AE+MLE that was superior in this regard as it showed higher protein, carbohydrates,
saponine, tannins, phenolics, and flavonoids content. The C3-cultivar demonstrated the highest
productivity, saponine, and flavonoids levels as compared to the other cultivars. Overall, the current
study indicated that foliar spray with AE+MLE could enhance growth and productivity as well as
quality and pharmaceutical active ingredients of quinoa cultivars grown under farming conditions.

Keywords: quinoa; Chenopodium quinoa Willd; cultivars; moringa leaf extract; Azolla extract; organic
farming; saponins; tannins

1. Introduction

Quinoa (Chenopodium quinoa Willd) is an annual herb in the Chenopodiaceae family
that is used as a functional food because of its high protein; essential amino acids, particu-
larly lysine (5.1–6.4%) and methionine [1,2]; dietary fiber; nutrients (Ca, P, K, Fe, Zn, and
Mg); and vitamins (A, B2, and E) [3]. Interestingly, quinoa grains contain small amounts of
the important polyunsaturated fatty acids Omega-3 and Omega-6 [4] and are gluten-free.
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Quinoa has a high amount of pharmacological components, making it an effective anti-
inflammatory, anticancer, antiviral, and antidepressant [5–7]. Additionally, quinoa seeds
are used to lose weight and protect against coronary heart disease [8], as well as to lower
blood sugar and insulin levels [9]. Saponins and tannins are the main antinutrients found
in quinoa seeds [10]. Saponins are caused by the bitterness of quinoa seeds. The amount of
saponins contained in quinoa seeds is controlled by environmental conditions and the culti-
vars [11,12]. Saponins are bioactive ingredients with analgesic, antiallergic, and antioxidant
effects [13,14]. Additionally, quinoa has a small amount of tannins that give it an astringent
taste and reduce its food palatability, but adequate processing may reduce saponin and tan-
nin contents [11]. The unfavorable impression is caused by saponins’ and tannins’ ability
to bind to proteins and macromolecules such as starch, lowering the nutritional value of
food [10]. In quinoa seeds, the secondary metabolites of phenols and flavonoids have been
classified. Phenolics enhance health by modulating carbohydrate and lipid metabolism, im-
proving pancreas β-cell function, and stimulating insulin excretion [15]. Additionally, they
have an essential role in attenuating hyperglycemia, dyslipidemia, and the resistance of
insulin [16]. In addition, phenolics contribute to preventing the onset of noncommunicable
diseases due to antioxidant, anti-inflammatory, and antiproliferative [17].

Quinoa originated in the Andean region, but by the end of the 1980s, it had expanded
to 11 nations and had been introduced to Africa, North America, Europe, and Asia. Quinoa
has a high level of resilience to a variety of common environmental stresses, including
drought, frost, soil salinity, diseases, and pests [18]. It is a very important commercial crop
because of the growing demand for it as a functional food [19]. The demand for organic
crops, especially quinoa, has grown dramatically in developed nations. Organic quinoa
prices were much higher and more appealing to businesses [19]. Under organic agriculture
conditions, using organic extracts is an important subject for enhancing the growth and
yield, altering phytochemical content [20], inducing crop physiology and biochemistry
such as photosynthetic rate [21], enhancing antioxidant machinery [22], and improving root
system development [23], subsequently improving nutrient uptake and use efficiency [24].

Nitrogen is a macro-element and has a critical role in plant growth and develop-
ment [25]. Because of the necessity of N for maximum growth and optimal production,
organic and biological sources of N form an essential strategy for increasing crop yields
under organic farming practices. Azolla fliculoides Lam. is a free-floating fern native to the
American continent [26] and has great importance as a biological source of N due to its
ability to fix 30–60 kg N ha−1 [27–30]. Additionally, it is rich in phytohormones (auxins,
cytocinins, and gibberellins), essential amino acids, protein, and vitamins and has high
mineral content [28,31]. As a result, it can be used for enhancing crop production. Wheat
and beet yields increased following Azolla treatments [32,33]. Azolla application caused an
increase in olive output [34], eggplant yield [35], and squash fruits [36]. Urea required for
rice and maize production decreased by 25% and 30% after Azolla supplementation [37,38].

Moringa leaf extract (MLE) is a promising organic extract in the agriculture field due
to its high content of phytohormones, antioxidants, vitamins, and minerals [39–42]. It
is used to improve plant development and yields in a wide range of crops [20,40,43–45],
as well as to alleviate the adverse impact of biotic and abiotic stress [39,46–48]. MLE
has a positive influence on endogenous phytohormone levels, which improves plant
development and yield [46,49]. MLE enhanced chlorophyll and protein levels in spinach
leaves [50], increased growth performance and yields of sweet basil [51], and improved
nutrient levels in mandarin leaf [52].

Many scholars have reported about Azolla’s use as compost or soil supplementation,
but there are very limited reports about the influences of AE foliar spray on plant perfor-
mance and secondary metabolites accumulation or on proximate analysis, which could
improve quinoa quality under organic agriculture. Therefore, the goal of this study was
to evaluate the influences of AE or MLE and their combination on growth, yields, and
changes in the proximate analysis as well as saponins, tannins, and phenolic compounds
accumulation on three cultivars of quinoa grown under organic farming. The null hypothe-
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sis of the current study states that there is no difference between cultivars and the effects
of AE or MLE and their combinations as well as their interactions against the alternative
hypothesis which assumes that there are significant differences between the effects of using
organic extracts in the cultivation of the studied quinoa cultivars and their interactions.

2. Materials and Methods
2.1. Experimental Site and Plant Material

The experiment was conducted in the Organic Farm of the Environment and Bio-
Agriculture Department, Faculty of Agriculture, Al-Azhar University, Cairo, Egypt, (30◦03′12′ ′

N and 31◦19′05.2′ ′ E) in the winter seasons of 2018/2019 and 2019/2020. The meteorological
data for the experimental area are presented in Table 1. Quinoa grains were obtained from
the Plant Breeding Unit, Desert Research Center. Quinoa seeds of three cultivars were
utilized. (1) KVL–SRA2, (C1) native to Denmark, has a red seed color, (2) Chipaya, (C2)
native to the Altiplano Salares and Bolivia, has a mixed seed color (white and Paige), and
(3) Q–37, (C3) native to Chile, has a light yellow seed color.

Table 1. Temperature, relative humidity (RH), rainfall, and wind speed (WS) of Cairo, Egypt,
(30◦03′12′ ′ N and 31◦19′05.2′ ′ E) in the winter seasons of 2018/2019 and 2019/2020.

Season
Temperature (◦C) RH

(%)
Rainfall WS

(m s−1)Maximum Minimum Average (mm/day)

Season 2018/2019

2018 year
November 26.13 14.62 20.37 64.32 0.52 0.24
December 21.21 11.13 16.17 65.12 0.56 0.28

2019 year
January 19.21 8.19 13.71 50.90 0.44 0.33

February 22.15 8.25 15.20 56.82 0.66 0.32
March 23.73 12.33 18.03 56.29 0.85 0.64
April 27.39 14.83 21.11 48.43 0.15 0.65

Season 2019/2020

2019 year
November 27.70 16.03 18.36 57.09 0.21 0.32
December 21.48 11.72 16.6 61.65 0.67 0.43

2020 year
January 18.50 9.00 13.75 62.74 0.87 0.57

February 20.94 10.11 15.52 64.18 0.96 0.40
March 23.79 12.45 18.12 63.56 1.89 0.65
April 27.83 15.32 21.57 54.35 0.15 0.68

2.2. The Extracts Preparation

Azolla fliculoides Lam. plants were collected from Azolla plants grown on soil medium
in a greenhouse at the Organic Farm of Environment and Bio-Agriculture Department. The
plants were washed three times with water to eliminate any undesirable items before being
spread out on blotting paper to absorb any surplus water. Fresh leaves of moringa trees
(Moringa oleifera Lam.) grown in the Organic Farm of Environment and Bio–Agriculture De-
partment were collected and were rinsed three times with water. The following procedures
were used to make 20% aqueous extracts of Azolla (AE) and moringa (MLE): in a domestic
blender, 100 g fresh material was blended with 500 mL distilled water for 15 min, and the
extracts were filtered using a muslin cloth according to the procedure of Yasmeen et al.
(2012) [53]. Tween–20 at 0.1% (v/v) was used as a surfactant. The chemical analysis of AE
and MLE is presented in Table 2.
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Table 2. Azolla and moringa chemical constituents (mg g−1 DW).

N P K Ca Mg Zn

Azolla 19.6 1.91 11.3 20.6 7.9 0.17
Moringa 23.6 3.8 14.1 16.3 9.3 1.5

2.3. Experimental Design and Treatments

The field experiments were arranged in a split-plot design with three replicates. The
main plots were quinoa cultivars, and the subplots were the organic extracts of AE, MLE,
their combination (AE+MLE), and without extract (WE) as control. The subplot net area
was 10.50 m2 (7 rows of 50 cm width and 3 m length) with plant spacing 20 cm (maximum
105 plants/each subplot). Compost at a rate of 25 ton ha−1 was supplemented to the
experimental soil during seedbed preparation. The physical and chemical analyses of
compost were pH 8.2, EC (dSm−1) 5.2, bulk density (g cm−3) 0.23, organic carbon (%)
18.8, organic matter (%) 32.5, total N (%) 1.3, and C/N ratio 18.8:1.3. For both seasons,
quinoa seeds were planted on 30 October. After three weeks, the seedlings were trimmed
to a plant/hill ratio. Quinoa cultivars were foliar sprayed three times with 20% aqueous
extracts of AE, MLE, and their combination using a backpack sprayer (Jacto® model PJH,
Brazil), nozzle type cone (Jacto JCI 80 015), and pressure of 75 psi. Each subplot received
0.2 L (190 L ha−1) of the organic extract. The first addition was 30 days after sowing, the
second was 15 days later, and the third was 15 days later. Control plants were foliarly
sprayed with tap water at the same time as treatments. The physical properties of the
experimental soil were sand, 60.18%; silt, 16.51%; and clay, 23.31%. The chemical properties
were pH 7.8, EC 0.82 mmohs cm−1. N, P, and K content were 68.10, 7.41, and 259.20 mgL−1,
respectively. Mg was 1.01 mmolc L−1, CaCO3 was 3%, Ca+2 was 1.5 mmolc L−1, and Na+

was 7.5 mmolc L−1.

2.4. Growth Performance

From each sub plot, ten plant samples were randomly collected to determine the
characteristics of plant height (cm), inflorescence number plant−1 (Info), and 1000-seed
weight (TSW) (g). Additionally, the seed yield (SY) (kg ha−1), straw yield (StY) (kg ha−1),
and biological yield (BY) (kg ha−1) were determined for each subplot, and the harvest
index (HI) (%) was calculated (seed yield ÷ biological yield) × 100.

2.5. Leaf Pigments

Leaf pigments of quinoa leaves were determined according to Dere [54], and samples
of cut leaf segments (0.5 g) were obtained and extracted with methanol (96%) to assess the
chlorophyll (Chlo) and carotenoids (Caro) concentration and presented in mg g−1 FW.

2.6. Proximate Analysis of Quinoa Seeds

The proximate analysis of quinoa seeds was estimated according to AOAC (2000) [55].
The protein content (Pro) was measured using the traditional Micro-Kjeldhal digestion and
distillation process, and the fat content (Fa) was analyzed using Soxhlet method. The ash
content of the seeds sample was assessed using a Muffle furnace. The dietary fiber (Fi) in
quinoa seeds was determined by the enzymatic–gravimetric method. Total carbohydrates
(Carbo) were estimated usig the Weinmann [56] procedure. Nutritional energy (NE) was
calculated according the following formula: Nutritional energy (Kcal) = 4 × (proteins % +
carbohydrates %) + (9 × fats %).

2.7. Total Saponins

In order to determine saponin (Sa) content, 30 g of quinoa seeds were ground and
separated over a water bath at 60 ◦C for 3 h with continuous stirring. On the basis of the
weight, the ratio of water to grounded seeds was 15 to 1. The supernatant was filtered
after centrifuging the extract, and then the extract was analyzed using reverse-phase–
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high-pressure liquid chromatography (RP–HPLC). Total saponin content was calculated as
described by Martinez et al. [57] using the following formula: Total saponin (mg g−1 DW)
= (weight of residue ÷ weight of sample taken).

2.8. Tannin Content

The analysis of tannin content (Ta) was carried out using Chanwitheesuk et al.’s [58]
technique with minor modifications. In a 20 h incubation period, 0.5 g of the extract was
blended at diethyl ether with a volume of 10 mL. The mixture was filtered after incubation,
and the residue was heated in 100 mL distilled water for 2 h. After that, it was chilled
and filtered. The filtrate was diluted with distilled water to 100 mL, and 0.1 mL of the
solution was treated with 0.1 mL of Folin–Ciocalteu reagent. The mixture was vortexed,
and then 2 mL of Na2CO3 was added and vortexed again. At room temperature, the blend
was incubated for 30 min, and the absorbance was measured at 760 nm. The findings were
estimated from a standard tannic acid curve made using the tannic acid. Total tannins
concentration was measured in mg tannic acid g−1 DW [59].

2.9. Total Phenolic and Flavonoids Content

The Folin–Ciocalteu method was used to quantify total phenolics (Ph) in quinoa seeds
using the gallic acid standard as reported by Boateng et al. [60] with minor modifications.
Quinoa seeds (1 g) were crashed and mixed with 80% methanol at a volume of 50 mL
and macerated for 48 h at room temperature. In order to determine phenolics content, the
extract was maintained below 4 ◦C after solvents were fully removed. Leaf extract was
combined with the Folin–Ciocalteu reagent at a ratio of 1 mL:1 mL and let to stand for
incubation (5 min). After that, 2 mL of Na2CO3 solution (70 g L−1) was added. It was
incubated at 25 ◦C for another 2 h. The absorbance was then determined at a wavelength
of 750 nm. The phenolic content was measured in mg GAE g−1 DW. Total flavonoids (Fl)
in quinoa seeds were estimated using the aluminum chloride technique by Boateng et al.’s
and Talukdar’s [60,61] procedures. For 45 min, a combination of 0.5 mL of the sample and
0.5 mL of aluminum chloride (2%) was left at room temperature. The absorbance of the
resultant combination was then measured at 420 nm. The flavonoids content is given in
mg CAE g−1 DW, and the standard curve was calculated using catechin (CAE).

2.10. Statistical Analysis

The dataset of studied characters was collected and subjected to univariate and multi-
variate statistical analysis. The normality test for data was proceeded by the Shapiro–Wilk
test. The combined analysis of variance (ANOVA) across two seasons was performed
according to Gomez and Gomez [62] following homogeneity test of error variance using
MSTAT statistical package. Duncan’s Multiple Range Test was used to do mean compar-
isons. Pooled data for traits across seasons, replications, cultivars, and foliar treatments
used for correlation analysis and principal component analysis (PCA). Origin Pro 2021
(Origin Lab, Northampton, MA, USA) was employed for the elaboration of figures.

3. Results
3.1. Analysis of Variance

Analysis of variance for combined over seasons showed that there are highly signifi-
cant differences within cultivars as well as within the organic extracts for all the studied
traits (Table 3). Moreover, results in the same table show a significant interaction be-
tween the cultivars and the organic extracts in all traits except for chlorophyll (Chlo) and
carotenoids (Caro) traits. The interaction between organic extracts and seasons was not
significant except in the two traits of straw (StY) and biological yield (BY).
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Table 3. Mean squares of source of variation for combined analysis of variance on studied traits of quinoa cultivars (C) and the organic extracts (OE) tested for two seasons (S).

Traits S R (S) C S × C Error (I) OE S × OE C × OE S × C × OE Error (II)

df 1 4 2 2 8 3 3 6 6 36
SY 35,793 83,800 2,196,667 ** 3680 11,522 1,182,889 ** 22,876 56,415 * 21,800 20,624
PH 126.9 162.4 358.7 ** 2.1 19.0 323.3 ** 4.5 24.2 ** 2.7 6.9
Info 0.004 0.325 16.08 ** 0.411 0.24 13.7 ** 0.161 0.777 * 0.274 0.30
TSW 0.031 0.011 0.562 ** 0.013 0.005 0.664 ** 0.001 0.017 ** 0.004 0.004
StY 136,643 106,569 7,396,168 ** 17,198 14,597 1,596,958 ** 69,064 * 109,584 ** 47,788 * 17,819
BY 312,310 ** 261,231 ** 17,224,209 ** 6577 18,885 5,517,462 ** 271,247 ** 177,146 * 45,715 53,809
HI 0.15 13.49 28.62 ** 2.12 3.52 24.86 ** 6.88 7.85 * 6.25 3.45

Chlo 0.01 0.015 0.036 0.04 0.012 0.586 ** 0.019 0.01 0.012 0.021
Caro 0.002 0.000 0.015 ** 0.000 0.000 0.035 ** 0.000 0.000 0.001 * 0.000

Fa 0.027 0.092 1.77 ** 0.008 0.018 4.24 ** 0.052 0.832 ** 0.027 0.029
Pro 0.004 0.064 6.31 ** 0.025 0.032 1.50 ** 0.008 0.059 ** 0.009 0.013

Carb 0.26 3.36 11.72 ** 3.03 1.27 4.07 ** 1.19 2.13 * 0.497 0.87
As 0.035 0.093 3.33 ** 0.007 0.06 0.530 ** 0.004 0.054 0.013 0.029
Fi 0.008 0.045 1.96 ** 0.03 0.028 0.422 ** 0.005 0.228 ** 0.008 0.017

NE 0.69 111.68 * 129.91 * 44.51 19.57 47.29 * 35.34 51.54 ** 7.44 14.99
Sa 0.00002 0.00008 0.139 ** 0.00010 0.00002 0.0067 ** 0.00011 0.00005 0.00005 0.00001
Ta 0.0013 0.0000 0.0201 ** 0.0012 0.0016 0.0101 ** 0.0001 0.0017 * 0.0009 0.0006
Ph 0.190 0.050 5.52 ** 0.025 0.023 0.373 ** 0.050 0.137 ** 0.022 0.031
Fl 0.0001 0.0022 11.412 ** 0.0134 0.042 0.405 ** 0.0120 0.11 * 0.021 0.041

Significance differences at 0.05 and 0.01 are expressed as * and **, respectively. Seed yield (SY), plant height (PH), inflorescences number plant (Info), 1000-seed weight (TSW), straw yield (StY), biological yield
(BY), harvest index (HI), total chlorophyll (Chlo), carotenoids (Caro), fats (Fa), ash (As), fiber (Fi), nutritional energy (NE), saponin (Sa), tannins (Ta), phenolics (Ph), and flavonoids (Fl).
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Regarding the percentages of variance of individual sources for the analysis of vari-
ance, the results in Table 4 show that the cultivars had the largest percentage of the total
variance in the traits of SY, StY, BY, Pr, As, Fi, Sa, Ph, and Fl, while the organic extracts (OE)
had the largest variance in PH, Info, TSW, HI, Chlo, Caro, and Fa traits but the C × OE
interaction had the largest percentage of the variance in NE trait.

Table 4. Variance components as the percentage of individual sources of variation in the total for studied traits of quinoa
cultivars (C) and the organic extracts (OE) tested for two seasons (S).

Traits S R (S) C S × C Error (I) OE S × OE C × OE S × C × OE Error (II)

df 1 4 2 2 8 3 3 6 6 36
SY 0.37 3.46 44.29 0.08 0.95 36.61 0.71 3.49 1.35 8.69
PH 4.17 21.36 23.58 0.14 5.01 31.87 0.44 4.76 0.53 8.14
Info 0.00 1.37 33.84 0.86 2.02 43.40 0.51 4.91 1.73 11.36
TSW 0.85 1.13 31.70 0.85 1.13 56.33 0.08 2.83 0.85 4.25
StY 0.62 1.93 66.96 0.16 0.53 21.68 0.94 2.98 1.30 2.90
BY 0.55 1.85 60.85 0.02 0.27 29.24 1.44 1.88 0.48 3.42
HI 0.03 12.05 12.78 0.94 6.29 16.66 4.61 10.52 8.37 27.75

Chlo 0.33 1.98 2.31 2.64 3.30 58.09 1.98 1.98 2.31 25.08
Caro 1.56 0.75 19.40 0.96 1.11 65.66 0.59 2.54 2.18 5.25

Fa 0.13 1.60 15.28 0.09 0.65 54.86 0.69 21.52 0.69 4.49
Pro 0.02 1.38 67.10 0.27 1.33 25.22 0.16 1.86 0.27 2.39

Carb 0.22 11.54 20.14 5.21 8.74 10.50 3.08 10.99 2.56 27.02
As 0.29 3.59 64.53 0.10 2.03 15.41 0.10 3.10 0.77 10.08
Fi 0.13 2.34 51.04 0.78 2.86 16.54 0.13 17.85 0.65 7.68

NE 0.00 21.30 12.30 4.30 7.50 6.80 5.10 14.80 2.10 25.80
Sa 0.00 0.20 87.90 0.10 0.20 9.30 0.20 0.30 0.30 1.50
Ta 1.05 0.13 32.38 1.86 10.11 24.49 0.28 8.33 4.31 17.06
Ph 1.27 1.33 73.55 0.33 1.20 7.46 1.00 5.46 0.87 7.53
Fl 0.00 0.03 85.50 0.10 1.24 4.55 0.14 2.46 0.47 5.51

Seed yield (SY), plant height (PH), inflorescences number plant (Info), 1000-seed weight (TSW), straw yield (StY), biological yield (BY),
harvest index (HI), total chlorophyll (Chlo), carotenoids (Caro), fats (Fa), ash (As), fiber (Fi), nutritional energy (NE), saponin (Sa), tannins
(Ta), phenolics (Ph), and flavonoids (Fl).

The biological yield showed a significant difference between seasons, although the
seed and straw yields were not significant (Table 3). In terms of the percentage of variation
in those traits, the variation in seasons was less than that of cultivars and organic extracts
and their interactions, which indicates the weak effect of seasonal variation on those traits
(Table 3). The lack of random variation between the two seasons may be due to the location,
where the geography of the experiment was stable in the two seasons, and the climatic
conditions did not differ between the two seasons. The percentage of variance of individual
sources in the analysis variance was calculated for the combined analysis (Table 4), but it
was not calculated for the analysis of variance for each season separately because there was
no difference between seasons.

The analysis of variance for the 2018/2019 season showed that there were significant
differences within the cultivars as well as within the organic extracts for all the studied
traits (Table 5). Additionally, results in the same Table present a significant interaction
between cultivars and the organic extracts in all traits except SY, Chlo, Caro, As, and Sa.
The season of 2019/2020 had the same trend.
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Table 5. Mean squares of source of variation for split-plot design for studied traits of quinoa cultivars (C) and the organic extracts (OE) tested at 2018/2019 and 2019/2020 seasons.

Season 2018/2019 2019/2020

Sources R C Error (I) OE C× OE Error (II) R C Error (I) OE C× OE Error (II)

df 2 2 4 3 6 18 2 2 4 3 6 18
SY 72,350.09 1,182,504 ** 16,468.03 808,294 ** 6892.302 26,352.84 95,249 * 1,017,843 ** 6575 454,092 ** 26,346 20,452
PH 527.6 ** 1938 ** 13.07 1633 ** 664.8 ** 14.06 278.43 * 154.80 * 18.75 174.65 ** 19.96 * 7.24
Info 0.137 8.687 ** 0.264 7.568 ** 0.578 * 0.215 0.514 7.591 ** 0.218 6.328 ** 0.872 * 0.273
TSW 0.0124 0.371 ** 0.007 0.361 ** 0.022 * 0.004 0.007 0.205 ** 0.003 0.305 ** 0.010 * 0.004
StY 19,984 3,575,937 ** 11,080 944,563 ** 88,362 * 24,615 193,156 * 3,837,433 ** 18,113 721,460 ** 69,009 ** 11,024
BY 72,761 * 8,212,878 ** 8858 3,485,758 ** 199,944 * 74,031 449,700 * 8,667,902 ** 28,912 2,302,954 ** 139,583 ** 33,587.
HI 15.94 44.187 ** 5.42 14.52 ** 7.57 * 3.14 11.04 10.59 * 1.12 13.55 ** 5.85 * 2.04

Chlo 0.003 0.0003 0.002 0.255 ** 0.008 0.007 0.027 0.076 0.023 0.349 ** 0.014 0.035
Caro 0.0004 0.0064 ** 0.0002 0.0187 ** 0.0002 0.0002 0.0002 0.0089 ** 0.0002 0.0163 ** 0.0006 0.0003

Fa 0.052 1.004 ** 0.018 1.924 ** 0.388 ** 0.309 0.132 * 0.775 ** 0.019 2.364 ** 0.471 ** 0.027
Pr 0.12 * 3.57 ** 0.008 0.81 ** 0.04 * 0.013 0.009 2.77 ** 0.054 0.778 ** 0.033 * 0.012

Carb 4.72 * 13.59 ** 0.39 2.82 ** 1.49 * 0.56 1.99 8.30 * 0.90 5.10 ** 1.09 * 0.35
As 0.176 ** 1.625 ** 0.009 0.281 ** 0.02 0.012 0.009 1.711 ** 0.043 0.253 ** 0.046 0.045
Fi 0.066 * 0.761 ** 0.008 0.179 ** 0.137 ** 0.017 0.024 1.234 ** 0.048 0.247 ** 0.099 ** 0.016

NE 143.82 ** 142.01 ** 6.42 42.37 * 34.79 * 10.489 54.56 100.42 * 11.25 116.93 ** 24.18 * 6.71
Sa 0.0004 0.1426 ** 0.0003 0.0116 ** 0.0002 0.0002 0.0002 0.1365 ** 0.0001 0.0087 ** 0.0004 0.0004
Ta 0.000002 0.014836 ** 0.001665 0.00526 ** 0.001103 * 0.000404 0.00008 0.00792 * 0.00080 0.00602 ** 0.00167 * 0.00061
Ph 0.038 2.312 ** 0.027 0.159 ** 0.108 ** 0.024 0.060 3.184 ** 0.019 0.277 ** 0.083 * 0.031
Fl 0.004 6.019 ** 0.050 0.266 ** 0.115 * 0.041 0.001 5.309 ** 0.033 0.151 * 0.105 * 0.035

Significance differences at 0.05 and 0.01 are expressed as *, and **, respectively. Seed yield (SY), plant height (PH), inflorescences number plant (Info), 1000-seed weight (TSW), straw yield (StY), biological yield
(BY), harvest index (HI), total chlorophyll (Chlo), carotenoids (Caro), fats (Fa), ash (As), fiber (Fi), nutritional energy (NE), saponin (Sa), tannins (Ta), phenolics (Ph), and flavonoids (Fl).
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3.2. Growth Performance and Yields

Foliar spraying with AE and MLE for quinoa production significantly enhanced
the growth and yields of quinoa cultivars (Figures 1 and 2). The C3-plants significantly
displayed the highest values in this respect, but the lowest values were obtained by the
C1-plants. In terms of AE and MLE and their combinations, the highest values were
exhibited by the AE+MLE treatment as they gave 86.3 cm and 16.18 for plant height and
inflorescence number plant−1, respectively, compared with 76.45 cm and 14.13 exhibited
by control plants, respectively (Figure 1a,b). Concerning the interaction, quinoa cultivars
revealed great variations in response to different foliar applications, as the C3 × AE+MLE
treatment significantly exhibited the tallest plants (90.6 cm), which carried the highest
inflorescence number plant−1 (16.91) relative to the other treatments. Untreated C1-plants
produced shorter plants (73.6 cm) with lower inflorescence number plant−1 (13.6).

Figure 1. Effect of Azolla extract, moringa leaf extract, and their combination on (a) plant height (cm), (b) inflorescences
number plant−1, and (c) 1000-seed weight (g) of three quinoa cultivars. C1 = KVL−SRAZ, C2 = Chipaya, C3 = Q−37,
WE = without extract, AE = Azolla extract, MLE = moringa leaf extract. Data are mean value ± SE, n = 3. Different letters
denote significant differences at p ≤ 0.05 level.
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Figure 2. Effect of Azolla extract, moringa leaf extract, and their combination on (a) seed yield (kg ha−1), (b) straw yield
(kg ha−1), (c) biological yield (kg ha−1), and (d) harvest index (%) of three quinoa cultivars. C1 = KVL−SRAZ, C2 = Chipaya,
C3 = Q-37, WE = without extract, AE = Azolla extract, MLE = moringa leaf extract. Data are mean value± SE, n = 3. Different
letters denote significant differences at p ≤ 0.05 level.

Quinoa outputs presented in Figures 1 and 2 revealed that the C2 plants showed the
highest 1000-seed weight, but the C3-plants exhibited the maximum seed and straw yields
compared C1-plants by 28 and 27% higher for seed and straw yields, respectively. The
traits of 1000-seed weight, seed, and straw yields significantly increased when quinoa
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plants were foliarly sprayed with AE (4.8, 12.4 and 7.2%) and MLE (8.9, 20.4 and 12.3%) as
compared with control plants, respectively. The maximum 1000-seed weight, seed, and
straw yields (12.4, 29.2 and 17.8% higher than untreated plants, respectively) were observed
when the plants were exposed to AE+MLE foliar spray. The treatment of C3 × AE+MLE
significantly displayed the highest seed and straw yields (2432 and 4453 kg, respectively).
The lowest yields were observed by the C1 ×WE-plants, which recorded 1215 and 2673 kg
for seed and straw yields, respectively. Moreover, biological yield exhibited great variations
as impacted by the treatments used (Figure 2c).

The C3-plants significantly gave the highest biological yield (6191 kg), but C1-plants
showed the lowest value (4497 kg) in this respect. Both AE and MLE significantly boosted
quinoa biological yield as compared with untreated plants. The maximum biological yield
(6007 kg) was given following spraying the plant foliage with AE+MLE. In terms of the
interaction, quinoa plants subjected to C3 × AE+MLE significantly exhibited maximum
biological yield (6884 kg). On the other hand, the lowest biological value was observed by
C1 ×WE-plants. Furthermore, AE and MLE utilization significantly enhanced HI values
as compared with untreated plants. The highest HI value was observed by treated plants
with AE+MLE as it increased by 9.6% compared to control plants. Concerning the cultivar,
C3 plants significantly showed the highest HI value. The C3 plants subjected to AE+MLE
significantly recorded the highest HI value (Figure 2d).

3.3. Leaf Pigments

Foliar spraying with AE and MLE for quinoa production under organic conditions sig-
nificantly enhanced leaf pigments of quinoa cultivars (Figure 3). The C3 plants significantly
recorded the highest levels of total chlorophyll and carotenoids (1.05 and 0.32 mg g−1FW,
respectively), while the C1 plants gave the lowest values (0.97 and 0.27 mg g−1FW, respec-
tively) in this respect. Plants subjected to foliar spray with AE significantly presented an
increase in total chlorophyll and carotenoid contents by 19.7 and 4.8% relative to untreated
plants, respectively. Foliar spraying with MLE led to an increase in total chlorophyll and
carotenoids levels in quinoa leaves, but a significant increase was observed when quinoa
plants received AE and MLE application. The C3 plants that were foliarly sprayed with
AE+MLE significantly exhibited maximum levels of leaf pigments as they gave 1.29 and
0.39 mg g−1FW for total chlorophyll and carotenoids, respectively. On the other hand,
C1 ×WE-plants recorded the lowest levels of leaf pigments (0.69 and 0.24 mg g−1FW for
total chlorophyll and carotenoids, respectively).

3.4. Proximate Analysis of Quinoa Seeds

The results in Figures 4 and 5 present the seed proximate analysis of quinoa cultivars
in response to AE and MLE foliar spray. Quinoa cultivars exhibited great variations in
seed proximate analysis as C1 and C3 cultivars presented higher protein content than
the C2 cultivar, Wwhile C1 plants presented higher ash content against the carbohydrate
content that presented an increase in C3 and C2 than C1 plants. The protein, ash, and
carbohydrate content revealed a significant increase when AE and MLE were applied as
compared to control plants. The maximum values of protein, ash, and carbohydrates were
detected when quinoa foliage received AE+MLE, which led to an increase in protein, ash,
and carbohydrates content by 4.2, 8.5 and 1.6%, respectively, as compared with control
plants. In terms of the interaction, the C1 plants treated with AE+MLE significantly
exhibited higher protein and ash contents (15.56 and 5.%, respectively) as compared to
the other treatments. The highest carbohydrate content was observed in C2 plants foliarly
sprayed with AE+MLE (61.7%), followed by C3 plants treated with AE+MLE (61.5%),
while the lowest carbohydrate content was given by C1 ×WE plants (59.5%). Untreated
plants significantly showed the highest fat and fiber content (6.3 and 4.6%, respectively) as
compared to other treated plants. However, the lowest fat and fiber levels were exhibited by
AE+MLE treatment, as they showed 5.3 and 4.1%, respectively. The C1 plants significantly
showed the highest fat content (6.13%), but the C3 plants presented the lowest fat content
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(5.6%). Concerning the fiber content (Figure 5b), the C2 plants significantly showed the
highest fiber level (4.6%), while the lowest fiber content was presented by C3 plants (4.1%).
In terms of the interaction, C1 ×WE plants significantly gave the highest fat content (6.6%),
but the lowest value was given by C2 × AE+MLE plants (5.1%).

Regarding the nutritional energy of quinoa seeds, treating quinoa plants with AE+MLE
reduced seed energy, as they gave the lowest value (352 kcal), while untreated plants
recorded the highest values in this respect (3545 kcal). A significant increase was noticed
among quinoa cultivars, as C3 plants exhibited the highest energy values (356 kcal), while
C2 plants exhibited the lowest values in this respect (351 kcal). The interaction effect
between the cultivars and foliar treatments revealed that the maximum calories obtained
were given by C3 × AE+MLE treatment (358 kcal). The lowest energy was obtained by
C2 ×MLE treatment, which was 347 kcal (Figure 5c).

Figure 3. Effect of Azolla extract, moringa leaf extract, and their combination on (a) total chlorophyll (mg g−1 FW), and
(b) carotenoids (mg g−1 FW) of three quinoa cultivars. C1 = KVL−SRAZ, C2 = Chipaya, C3 = Q−37, WE = without extract,
AE = Azolla extract, MLE = moringa leaf extract. Data are mean value ± SE, n = 3. Different letters denote significant
differences at p ≤ 0.05 level.
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Figure 4. Effect of Azolla extract, moringa leaf extract, and their combination on (a) fats (%), (b) protein (%), and (c) carbo-
hydrates (%) of three quinoa cultivars. C1 = KVL−SRAZ, C2 = Chipaya, C3 = Q−37, WE = without extract, AE = Azolla
extract, MLE = moringa leaf extract. Data are mean value ± SE, n = 3. Different letters denote significant differences at
p ≤ 0.05 level.
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Figure 5. Effect of Azolla extract, moringa leaf extract, and their combination on (a) ash (%), (b) fiber (%), and (c) nutritional
energy (kcal) of three quinoa cultivars. C1 = KVL−SRAZ, C2 = Chipaya, C3 = Q−37, WE = without extract, AE = Azolla
extract, MLE = moringa leaf extract. Data are mean value ± SE, n = 3. Different letters denote significant differences at
p ≤ 0.05 level.

3.5. Saponin Content

The results presented in Figure 6a reveal the effect of foliar extracts with AE, MLE,
and their interaction on the saponin content in three cultivars of quinoa plants. Foliar
application of AE increased saponin content by 5.6% more than control plants. Additionally,
foliar application with MLE resulted in an increase in saponin content by 12.8% as compared
to untreated plants, while the highest increase in saponin level (17.3%) was observed by
the treatment of AE+MLE. Regarding quinoa cultivars, C3 plants had the highest levels
of saponin as compared with the other cultivars (C1 and C2), and these levels increased
when their plants were supplemented with the extracts used, as a growing increase was
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obtained by AE followed by MLE, followed by their combination (AE+MLE). The lowest
saponin level was detected in C1 ×WE-plants, but the foliar spraying with AE or MLE
and AE+MLE significantly increased saponin content.

Figure 6. Effect of Azolla extract, moringa leaf extract, and their combination on (a) saponin (mg g−1 DW), and (b) tannins
(mg TAE g−1 DW) of three quinoa cultivars. C1 = KVL−SRAZ, C2 = Chipaya, C3 = Q−37, WE = without extract, AE = Azolla
extract, MLE = moringa leaf extract. Data are mean value ± SE, n = 3. Different letters denote significant differences at
p ≤ 0.05 level.

3.6. Tannin Content

The presented results in Figure 6b indicate that C3 plants exhibited the lowest tan-
nin levels (0.28 mg TAE g−1 DW), and the highest levels were observed by C1 plants
(0.34 mg TAE g−1 DW). Foliar application with different extracts significantly increased
tannin content in quinoa seeds. The lowest tannin level (0.28 mg TAE g−1 DW) was noticed
by untreated plants. On the other hand, the highest level of tannins was given by AE+MLE
treatment (0.34 mg TAE g−1 DW). Concerning the interaction effect, foliar spray with
AE+MLE resulted in the maximum increase in tannin levels in all quinoa cultivars, as it
increased tannin levels by 13.4, 22.6, and 18.8% for C1, C2, and C3, respectively.

3.7. Total Phenols and Flavonoids Content

All the cultivars under study exhibited a significant response to foliar application
(Figure 7). The C2 plants exhibited the lowest levels of phenols (0.938 mg GAE g−1 DW)
and flavonoids contents (0.761 mg CAE g−1 DW). While the highest levels of phenols
were obtained by C1 plants and by C3 plants for flavonoids content. Foliar application
with AE or MLE significantly increased the phenols and flavonoids levels in quinoa seeds
as compared with untreated plants. The maximum increase was obtained by AE+MLE
treatment (21.9 and 19.8% higher than untreated plants for total phenols and flavonoids
content, respectively). In terms of the interaction, the highest level of total phenols was
observed by C1× AE+MLE (2.20 mg GAE g−1 DW). On the other hand, the highest level of
flavonoids was observed for C3 plants foliar sprayed by AE+MLE (2.23 mg CAE g−1 DW).
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Figure 7. Effect of Azolla extract, moringa leaf extract, and their combination on (a) phenolics (mg GAE g−1 DW), and
(b) flavonoids (mg CAE g−1 DW) of three quinoa cultivars. C1 = KVL−SRAZ, C2 = Chipaya, C3 = Q−37, WE = without
extract, AE = Azolla extract, MLE = moringa leaf extract. Data are mean value ± SE, n = 3. Different letters denote significant
differences at p ≤ 0.05 level.

3.8. The Correlation Coefficients Analyses

Matrix correlations between measured traits across three cultivars of quinoa and
foliar application with organic extracts are presented in Figure 8. A highly positive and
significant (p ≤ 0.01) correlation was noticed between seed yield (SY) with biological yield
(BY) and straw yield (StY) (r = 0.94 **, and 0.85 **, respectively), as well as between StY with
BY (r = 0.98 **). Moreover, high positive and significant (p ≤ 0.01) correlations (r = 0.82 **,
and 0.84 **, respectively) were obtained between saponine (Sa) and StY and between
saponine and BY, respectively. However, a moderate correlations were given by SY and
harvest index (HI) (r = 0.67 **), carbohydrates (Carb) (r = 0.50 **), 1000-seed weight (TSW)
(r = 0.65 **), chlorophyll (Chlo) (r = 0.58 **), and protein (Pro) (r = 0.41 **). On the other
hand, SY correlated negatively with fat (Fa) (r = −0.62 **), ash (As) (r = −0.30 *), fiber (Fi)
(r = −0.36 **), and phenols (Ph) (r = −0.12). Saponine presented a negative and significant
correlation with Fa (r =−0.51 **), As (r =−0.62 **), Fi (r =−0.38 **) and a positive significant
correlation with Carb (r = 0.51 **), and Pro (r = 0.46 **). Yield components showed a positive
correlation with largest correlation coefficient of BY with SY (0.94), which indicates the
possibility of multicollinearity between these traits.
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Figure 8. Matrix of Pearson’s correlation coefficients and correlation plots for studied traits. Pearson’s correlation coefficients
are presented in the bottom-left half. The correlation plots are presented in the upper right half. The colors of the boxes
represent positive or negative correlations according to a color scale. P-values below 0.05 and 0.01 are expressed as * and **,
respectively. Seed yield (SY), plant height (PH), inflorescences number plant (Info), 1000-seed weight (TSW), straw yield
(StY), biological yield (BY), harvest index (HI), total chlorophyll (Chlo), carotenoids (Caro), fats (Fa), ash (As), fiber (Fi),
nutritional energy (NE), saponin (Sa), tannins (Ta), phenolics (Ph), and flavonoids (Fl).

3.9. Principal Component Analysis

Principal component analysis (PCA) was conducted to measure the close relationship
between different variables and the cultivar and foliar application interaction. The scree
plot was drawn from the Eigenvalues associated with components in descending order,
viz., the number of the components (Figure 9). Four out of nineteen components (PCs)
were discovered with an Eigenvalue of >1. These principal components (PCs) contributed
81.97% towards the total variability of all traits. Contributions of PC1 were superlative
towards the variability (42.36%), PC2 (18.44%), PC3 (14.90%), and PC4 (6.28%); components
after 10 had eigenvalues equal to zero; and approximately 0.68% from the traits were
loaded onto PC1 and PC2 (Figure 10). The correlation between traits and components
is presented in Figure 11. The traits SY, PH, Info, TSW, StY, BY, Chlo, and Sa displayed a
positive correlation of factor loadings on PC1, while, Fa had significantly negative loadings.
On the other hand, Pro, Ph, and Fl displayed a positive correlation of factor loadings on
PC2, while Fi had significantly negative loadings. Some traits showed a positive correlation
with other components. The traits of AS and Ta positively correlated with PC3, while Carb
and NE had a positive correlation with PC4. The variable HI is positively correlated with
PC5. The vectors (arrows) in Figure 11 represent the loading for each trait on components
and arrows with red color denote the traits on the first component (PC1), while blue
arrows denote PC2 and green arrows present the loading on the other PCs. The colored
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shapes represent the individual observation under foliar treatments for each cultivar in
two seasons.

Figure 9. Scree plot of principal component analysis components of quinoa cultivars subjected to
foliar application of Azolla (AE) and moringa (MLE) extracts.

Figure 10. The plot of correlation between traits and components in PCA.
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Figure 11. Biplot of the principal component analysis (PCA) of Chenopodium quinoa foliar sprayed
with Azolla (AE), moring (MLE) extracts, and their combination. The first and second principal
components (PC1 and PC2) presented 60.8%. The vectors show the studied traits, and the colored
shapes explained various treatments.

4. Discussion
4.1. Plant Growth and Yield

In terms of climate, the conditions of the cultivated area and seasons were similar,
as the average temperatures of the two seasons during the experiment period ranged
from 13.71 ◦C to 21.11 ◦C and from 13.75 ◦C to 21.57 ◦C for the first and second seasons,
respectively. Additionally, the RH% ranged from 48.43 to 65.12% for the first season and
from 54.35 to 64.18% for the second season. The rainfall during the two seasons ranged
from 0.15 to 0.85 mm/day for the first season and from 0.15 to 1.89 mm/day for the second
season, and the wind speed ranged from 0.24 to 0.65 m s−1 and from 0.32 to 0.68 s−1 for
the first and second seasons, respectively.

An enhancement was observed in the growth and outputs of quinoa cultivars follow-
ing foliar application with AE or MLE. Azolla filiculoides has been widely used in agriculture
for improving plant growth [34–36] and motivating plant tolerance to biotic and abiotic
stress [38,63,64]. Azolla fixes biological N and minimizes fertilizer leaching [65]. The uti-
lization of Azolla as a compost or soil amendment in the green manure for enhancing crop
production has been previously studied in many reports. However, little information is
available about Azolla extract as a foliar application, particularly in organic agriculture.
Foliar application with AE presented a slight enhancement in the growth and productivity
of quinoa cultivars.

Azolla is a plentiful source of macro- and micronutrients [26], crude protein, growth-
promoting cytokinins, jasmonic acid, and salicylic acid [66,67], and vitamins [68]. This
could raise the endogenous phytohormone levels and nutrient uptake, leading to plant
growth and development improvements. Cytokinins are the phytohormones found in AE
that stimulate cell division and alter apical dominance. Therefore, we noticed an improve-
ment in plant height, inflorescence number, and yield traits following AE supplementation.
These results are compatible with Ripley et al. [32], who illustrated that an improvement
was detected in wheat plants subjected to Azolla filiculoides application. The addition of dry
Azolla significantly improved the growth and yield of squash [36] and increased eggplant
fruit yield [35]. Total chlorophyll in quinoa leaves increased after AE foliar spray. Azolla has
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a high content of N and Mg (Table 2), the essential elements for chlorophyll biosynthesis.
In addition, the enhancement in photosynthetic pigments after AE spray could be due
to the chlorophyll and carotenoids found in Azolla. Foliar application of Azolla filiculoides
improved the chlorophyll content of Beta vulgaris [33]. Additionally, Sharifi et al. [64]
stated that Azolla compost enhanced the chlorophyll content of safflower leaves. Dry Azolla
significantly maximized leaf pigments, improved fruit characters, and increased nutrient
content in squash fruits [36].

MLE is rich in essential nutrients, antioxidants, amino acids, phytohormones, phenols,
and ascorbates [69–71]. The findings of the current study indicate that MLE substantially
enhanced plant growth criteria and boosted yield characteristics. Quinoa plant growth
performance has been improved following MLE due to auxins and gibberellins in MLE,
which play an important role in cell elongation and thus increase stem elongation [72].
Furthermore, the high amount of zeatin found in MLE stimulates plant growth via cell
division and elongation [73] and chlorophyll biosynthesis [72]. MLE provides plants with
N, the necessary element for maximum plant growth and yield, and enhances nutrient
uptake [74]. The enhancement in photosynthetic pigments after MLE application could be
due to MLE content of Mg, the important element in the biosynthesis of chlorophyll [72],
in addition to chlorophyll and carotenoids present in MLE [75]. Such a result was obtained
by Rashid et al. [45], who observed an improvement in quinoa growth and seed yield
following MLE foliar application under normal and heat conditions. Under the current
study, the augmentation in growth attributes is reflected ultimately in yield traits that have
been enhanced by AE and MLE foliar application.

4.2. Proximate Analysis

Seed protein and carbohydrates content varied significantly between cultivars. The
foliar application of AE, MLE, or AE+MLE significantly increased seed protein concen-
tration. These results are contrary to Rashid [45], who found that MLE did not increase
protein content in quinoa seeds significantly. Both AE and MLE are rich in N, the necessary
element for protein synthesis. A gradual increase in crude protein in wheat grains was
observed with increasing nitrogen fertilization levels [76,77]. Foliar application with AE
and MLE exhibited an increase in total carbohydrate in quinoa seeds. The protein and
carbohydrate accumulation in quinoa seeds following AE or MLE treatments could be
attributed to the protein and carbohydrate content of Azolla and moringa leaves. Such a
result was reported by Latif and Mohamed [49], who observed an improvement in the
soluble sugars of the common bean affected by MLE application. The cytokinins found in
moringa leaves stimulate carbohydrate metabolism [78]. There is little to no documented
effect of AE or MLE on fats, fiber, and ash content. Marti et al. [76] demonstrated that
fiber content decreased as N levels increased. N increases the cell content and reduces the
cell wall concentration [79]. These reports may confirm our results about the significant
reduction in fiber content following AE or MLE applications (as a source of N) as compared
with control plants. Protein had a negative correlation with both fats (r = −0.30 **) and
fiber (r =−0.75 **), but a positive correlation with seed yield (r = 0.41 **). These correlations
may point to a decrease in fat and fiber content in quinoa seeds as protein and seed yield
increase. Similar results were obtained by Filho et al. and El-Serafy et al. [80,81]. Ash
content increased following AE or MLE application, which may be due to the positive
effects of these extracts on mineral content.

4.3. Photochemical Analysis

Quinoa seeds contain the antinutritional compounds saponins and tannins [10], which
are found in the seed coat. Saponins and tannins have beneficial effects on the immune sys-
tem [82], as an anti-inflammatory [83–85], anticarcinogenic, and hypocholesterolemic [86].
The lowest saponin content was observed in C1 (KVL–SRA2) along with higher tannin
content, while the highest saponin content was noticed in C3 plants (Q-37) with the lowest
tannin content. Such results were obtained by Melini and Melini [11] who observed that the
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KVL–SRA2 cultivar is the most popular for human consumption and contains the lowest
level of saponins. Quinoa cultivars treated with AE, MLE, or their combination revealed
a significant increase in saponins and tannin content, reaching their highest content by
AE+MLE treatment. There is little information about the relationship between AE or
MLE application and saponin production. Both AE and MLE provide plants with N, the
essential element required for saponin and tannin biosynthesis. Panax notoginseng plants
supplemented with N exhibited an increase in saponin synthesis [87]. Additionally, the
increases in saponins and tannin content following MLE application may be due to the
MLE content of saponins and tannins. Bilalis et al. [88] observed a positive correlation
between saponin content and nitrogen fertilization.

Phenolic substances are a source of antioxidants in plants generated as a response
to the oxidative damage caused by environmental stress [89]. The phenolics were two to
three times greater in pigmented quinoa cultivars than in the white cultivars [90]. Total
phenols and flavonoids content in quinoa seeds have been increased in response to AE
and MLE foliar applications. This may be a result of the high phenol and flavonoids
content in MLE and AE, which might increase the endogenous content of phenols and
flavonoids [50] in quinoa seeds. This might possibly be due to the minerals, β-carotene,
and vitamins included in moringa leaves, which may cause plants to enhance their phe-
nolic metabolism. [91]. Dry Azolla application significantly increased total phenols in
chamomile [92]. Yasmeen et al. [53] reported that wheat seeds primed with MLE presented
an increase in total phenols. The enhancement in phenolic compounds in quinoa seeds
following MLE treatment observed in the current report is parallel with that obtained in
fennel plants subjected to MLE addition [20]. El-Sadek [93] investigated the yield and yield
components of five quinoa genotypes in eight different environments and found that the
environmental impact was the main source of variance and attributed to 88.5% of the total
variance in grain yield. Additionally, genotypes and the environment × genotype inter-
action accounted for only 5.46 and 6.06%, respectively of the total variance; consequently,
he reported that in the field experiments, which include a wide range of environments
(locations and seasons), random variation appears between those environments, and this
is evident in breeding programs or assessment of crop varieties. This is inconsistent with
our results, as the effect of seasons was lower than the cultivars and organic extracts and
their interactions as a proportion of the total variance. Based on the previous results, there
are significant differences between the cultivars and organic extracts and their interactions,
and we cannot accept the null hypothesis and therefore accept the alternative hypothesis.

5. Conclusions

This study was performed to shed more light on the possibility of positive effects
of AE and MLE for improving plant growth, yields, seed quality, and phytochemical
content of three cultivars of quinoa under organic agriculture. Foliar spray with AE or
MLE had a significant (p ≤ 0.05) influence on the yields of the three cultivars. The C3
cultivar outperformed other cultivars of C1 and C2 in terms of the mentioned traits. The
combination of AE+MLE was the more effective application, stimulating the yields of
quinoa. The relationship between seed yield and biological yield was highly positive
and statistically significant (p ≤ 0.01) (r = 0.94 **). It can be concluded that the C3 plants
subjected to foliar application of AE+MLE at a rate of 20% produced maximum seed yield
with the highest quality, and pharmaceutical substances under organic farming conditions.
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