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ive quinoa (Chenopodium quinoa Willd.) genotypes; namely,

KVL-SRA2, KVL-SRA3, Regalona, Q-37 and Q-52 were

evaluated, under rainfed and irrigated conditions, for their
allelopathic potential. Four concentrations of 1, 2, 4 and 8 g/100 ml
of the aqueous extract of all plant parts were assessed for their effect
on the germination and initial development of some weeds and
crops. HPLC/DAD/MS analyses were conducted for genotypes with
highly inhibitory effects to determine their contents of phenolic
compounds and saponins. The estimated ECs, revealed that the
aqueous extracts from genotypes grown under rainfed conditions
had higher allelopathic activity than those genotypes grown under
irrigated conditions. The suppressive effect of the extracts increased
when the concentration of quinoa extracts increased. The highest
reduction effects were achieved from Q-52; followed by Regalona
and KVL-SRA2. Nevertheless, Q-37 and KVL-SRA3 caused minor
amounts of inhibition in the tested plant traits. The negative
influence of quinoa extracts was higher on monocotyledon plant
species than on dicotyledon plant species. The highly susceptible
plants were Hordeum vulgare, Allium cepa and Phalaris minor as
compared to other tested plants. However, Vicia faba and
Chenopodium album were slightly more susceptible plants.
Qualitative-quantitative analysis showed sixteen flavonoids and
three hydroxicinnamic acids (p-coumaroil derivatives); in particular,
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kaempferol dirhamnosyl-pentoside is the principal compound in Q-
52 (11.25 mg/kg), while quercetin rhamnosyl-glucoside is the
principal compound in Regalona (9.67 mg/kg). In quinoa, nine
different aglycones, monodesmosidic, and bidesmosidic triterpene
saponins were reported; in particular, in this work, hederagenin
(hed), phytolaccagenic acid (PA), AG487, AG533 and AGS515
derivatives were identified. Quinoa also contains biologically active
phytoecdysteroids. Based on the bioassay results and its suppresive
effect against weeds and crops, quinoa is considered as a crop with
allelopathic potential that may have a negative impact on the growth
of neighboring plants in the field and can be utilized for non
chemical weed management.

Keywords: Quinoa genotypes, allelopathy, HPLC/DAD/MS analyses,
phenols, saponins

Quinoa (Chenopodium quinoa Willd.) is a staple food from ancient
civilizations. It belongs to the group of crops known as pseudo cereals, and it
is a highly nutritious crop. The seed proteins are rich in amino acids; such as
lysine, threonine and methionine that are deficient in cereals. Quinoa is
cooked like rice and is also used to make bread, soups, biscuits and drinks. It
has the potential to be grown as food, feed or as an oil seed crop (Igbal,
2015). In order to commercialize quinoa, saponins must be removed after
harvest through abrasion or by washing the saponin from the seed (Johnson
and Ward, 1993). Industrial uses for quinoa's saponin have been also
proposed (Jacobsen, 2003). Quinoa has a high level of resistance to abiotic
stresses. For this reason, it plays a key role as an alternative crop in marginal
areas (FAO, 1998). Quinoa has gathered much attention in recent years for
its high level of salinity tolerance (Koyro and Eisa, 2007; Hariadi et al.,
2011; Ruiz-Carrasco et al., 2011; Pulvento et al., 2012 and Gomez-Pando
and la Barra, 2013). Furthermore, this crop has recently gained much
attention in Egyptian agriculture; particularly, in marginal areas under rain
fed conditions (Shams, 2012). However, little is known about the interaction
between quinoa and other plants.

Allelopathy is any direct or indirect harmful or beneficial effect of
one plant to another through the production of chemical substances that
impact the growth of the other plant (Rice, 1984). These substances, namely
known as allelochemicals (Whittaker and Feeny, 1971), are released to the
environment through different mechanisms, e.g. root exudation, leaching,
volatilization or the decomposition of plant residues. The allelochemicals in
plants are highly affected by biotic and abiotic stresses. Some studies found
a higher allelopathic activity of the plant grown under water stress conditions
as compared to well watered soils (Kong et al., 2002 and Zuo et al., 2010). It
is complicated to measure the allelopathy in the field, where it is difficult to
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separate resource competition (Motamedi et al., 2016), therefore the
allelopathic properties are screened under laboratory conditions.

Quinoa grows very slowly in the first two weeks after emergence,
which makes it a weak competitor against the fast growing weeds (Bhargava
et al., 2006). Very few studies have assessed the allelopathic potential of
quinoa, however some authors emphasized the inhibitory allelopathic
potential of several Chenopodium species (El-Khatib et al., 2004 and Batish
et al., 2006). Quinoa has been reported to have allelopathic potential against
the growth of oats, bean and duckweed plants, and the aqueous extract of the
inflorescences had more inhibitory activity than those produced from leaves
and roots (Bilalis et al., 2013). The weed Chenopodium murale L. was
highly aggressive, as it affected almost all growth and physiological traits of
barley compared with Malva parviflora through the effects of allelochemical
compounds released by the vegetative parts of the weed (Al- Johani et al.,
2012). The main polyphenol classes identified in quinoa were flavonoids,
phenolic acids and tannins; which act as powerful antioxidants in vitro.
These compounds are considered to carry many potential beneficial health
effects (Repo-Carrasco-Valencia et al., 2010).

The objectives of this study are: 1) to investigate the allelopathic
potential of five genotypes of quinoa grown under normal and drought
conditions to screen out highly allelopathic genotypes and 2) to identify the
allelochemical compounds that contribute to the allelopathic effectiveness
of quinoa.

MATERIALS AND METHODS

1. Plant Materials

Five quinoa genotypes; namely, KVL-SRA2, KVL-SRA3,
Regalona, Q-37and Q-52 were grown in irrigated and rainfed conditions in
the domain of Matrouh Governorate in the North Western Coastal Zone of
Egypt. The irrigated location was at the Applied Research Center of the
Desert Research Center (31.35° N, 27.18° E), supplemental irrigation was
performed up to 300 mm using a drip irrigation system. While the rainfed-
based location (31.19° N, 27.48° E) received a total precipitation of 81.3
mm during the growing season (2014/2015). Soil in both locations is sandy
clay loam, seeds were sown in rows of 50 cm apart with an intra-row plant
spacing of 25 cm with a plot size of 12 m*. No fertilizers were applied during
the growing season, which extended from December 2014 to April 2015.

2. Extraction Procedure

Five whole plants (shoots, leaves, seeds and roots) from each
genotype were collected and air dried, then the plants were ground up to a
fine powder using a grinder. The powder (20 g) was successfully extracted
with 100 ml of deionized water. The mixture was left over the shaker for 5
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hours and then passed through cheesecloth to remove fibers. It was then
filtered using Whatman No. 4 filter paper. Four concentrations; i.e., 1, 2, 4,
and 8 g/100 ml of the aqueous extract were assessed for their effect on
germination and initial development of some field crops and weeds. Distilled
water was used as the control treatment.

3. Bioassay Using Weeds and Crop Seeds

The plants chosen were selected because they are the most
commonly cultivated crops in the study area; i.e., wheat (Triticum aestivum
L.), barley (Hordeum vulgare L. ), faba bean (Vicia faba L.) and onion
(Allium cepa L.). Five common associated weeds; i.e., lambsquarters
(Chenopodium album L.), bindweed (Convolvulus arvensis L), littleseed
canarygrass (Phalaris minor Retz.), wild oat (Avena fatua L.) and rabbit foot
grass (Polyogon monspeliensis (L.) Desf.) were also used. All seeds were
surface sterilized with 0.3% (v/v) sodium chloride for 1 min and then with
ethanol before being washed in sterile deionized water. Three replicates,
each of 10 sterilized seeds, were prepared for each treatment using sterile
petri dishes (9 cm) lined with one filter paper. Each experiment was repeated
three times under the same conditions; whereas, each trial considered one
replicate. Ten millimeters of each concentration of the aqueous extract were
added to each petri dish. The treatments were incubated at room temperature
(25+3°C) for one week. The germination percentage (%) as the final number
of seeds germinated during the experiment, shoot length (cm) and root
length (cm) were recorded.

4. Phytochemical Analysis

The phytochemical analysis for G-52 and Regalona genotypes were
selected because they recorded the lowest EC50 as well as the highest
reduction effect on the tested plant parameters. Phenol analysis was
conducted by using 10 g of air dried ground plant parts. The sample was
extracted by shaking for 4 hours with 100 ml of 85% aqueous methanol at
room temperature (Boham and Kocipai, 1994). The whole solution was
filtered, evaporated to dryness, redissolved in 1 ml hydroalcoholic solution
(80:20 MeOH:H,0) and then subjected to HPLC/DAD/MS analysis.

For saponin determination, 10 g of plant tissue was dispersed in 100
ml of 80% methanol (4:1) and heated over a hot water bath for 4 hours at
about 55°C. The mixture was filtered and the residue re-extracted with 100
ml of 20% ethanol. The combined extracts were reduced to 40 ml over a
water bath at about 90°C. The concentrate was transferred into a 250 ml
separating funnel and 20 ml of diethyl ether was added and the sample was
shaken vigorously. The aqueous layer was recovered while the ether layer
was discarded. The purification process was repeated. An amount of 60 ml
of n-butanol extracts were washed twice with 10 ml of 5% aqueous sodium
chloride. The remaining solution was evaporated until dryness (Nahapetian
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and Bassiri, 1975), redissolved in 1 ml hydroalchoolic solution (80: 20
MeOH: H,0), and then subjected to HPLC/DAD/MS analysis.

Phenolic compounds and saponins of quinoa samples were analyzed
by LC-DAD electrospray ionization (ESI) -time-of-flight (TOF) -MS
analysis.

HPLC/DAD analysis: Analyses of flavonols and phenolic acids (Fig.
1) were carried out using an HP 1200 L liquid chromatograph equipped with
a DAD detector and managed by an HP 9000 workstation (Agilent
Technologies, Palo Alto, CA, USA). Compounds were separated using a 150
x4. 6 mm LD., 5 pum LUNA C;3 column (Phenomenex, USA). UV/Vis
spectra were recorded in the 190-600 nm range and the chromatograms were
acquired at 220, 240, 280, 330 and 350 nm. The samples were analyzed by
gradient elution at a flow rate of 0.8 ml/min. The mobile phase was a
multistep linear solvent gradient system, starting from 100% H,O (adjusted
to pH 3.2 by HCOOH) up to 100% CH;CN in 55 min. Saponins were eluted
using the following gradient: from 80% H,O (adjusted to pH 3.2 by
HCOOH) to 20% CH;3CN in 12 min, to 100% CH3CN in 43 min.

TADT B, S0m 5503 Retesin, 50 (S INCATSIINGAT X 0]

:DNJ T gt -\e‘:if:i.' 0 (GIINOA ?.Wic\.m.w
mAY 1
70
. Regalona
50
w0 12b 14 16
04
04
510

10 2 1
04

2 5 30 S 89 & 50 55 il

Fig. (1). Chromatographic profiles at 350 nm of quinoa genotype Q-52 and
Regalona.
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HPLC-TOF analysis: The HPLC system was interfaced with an
Agilent TOF MS equipped with an ESI source (Agilent Corp, Santa Clara,
CA, USA). The TOF/MS analysis used full-scan mode with the mass range
set to 100-1500 m/z in both positive and negative modes. The conditions of
the ESI source were as follows: drying gas, high purity nitrogen (N,); drying
gas temperature, 350°C; drying gas flow-rate, 6 L/min; nebulizer, 20 psi;
capillary voltage, 400 V (negative) 4000 V (positive); fragmentation, 200 V,
and skimmer, 60 V. The acquisition and data analysis were controlled using
Agilent LC-MS TOF Software (Agilent, USA).

Quantitative analysis: Quantification of individual polyphenolic
compounds was directly performed by HPLC-DAD using a five-point
regression curve (r2 >0.998) in the range of 0-30 pg on the basis of authentic
standards. In particular, flavonols were determined at 350 nm using
kaempferol 3-O-glucoside as a reference compound while p-coumaroil
derivative acids were determined at 330 nm using p-commercial acid as a
reference compound and ferulic acid at 280 nm using Ferulic acid. In all
cases, the actual concentrations of the derivatives were calculated after
applying corrections for differences in molecular weight.

5. Data Analysis

The experiment was arranged in a complete randomized design
(CRD); and, after one week of planting, three crop parameters were
calculated; i.e., germination percentage, shoot length and root length.
Analysis of variance was performed using CropStat7.2 software package
developed by the International Rice Research Institute (IRRI, 2009).
Differences between means were determined using the Least Significant
Difference Test (LSD). The effective concentration at 50% inhibition (ECs,
values for each of the growth parameters was calculated by plotting
concentration on a log scale (X) and the response, reduction percentage on a
semi-log scale (Y) on graph paper.

RESULTS

The data in table (1) show the calculated ECs,. It is clear that the
rainfed quinoa aqueous extracts recorded higher suppression in crop growth
parameters as compared to the aqueous extracts from irrigated quinoa. The
most important reduction was from the Q-52 genotype followed by
Regalona. Data show that the tested crops responded similarly to the
aqueous extracts of the five genotypes; however, the lowest susceptible plant
was V. faba. Consequently, 7. aestivum showed a moderate response under
the tested concentrations. Aqueous extracts of Q-52 and Regalona genotypes
had the most inhibitory effect on the germination and growth parameters of
the tested crops, and this is true under irrigated and rainfed conditions (Table

1).
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The activity of quinoa genotypes aqueous extract was assessed in C.
album, C. arvensis, P. minor, A. fatua and P. monspeliensis growth
parameters. The results from the calculated ECs, indicated a higher
allelopathic activity of rainfed quinoa as compared to the irrigated ones.
Among the genotypes grown under normal irrigation, Q-52,Q-37 and KVL-
SRA2 genotypes had the maximum inhibitory effects on the germination,
shoot length and root length of the studied weeds. Nevertheless, KVL-SRA3
and Regalona caused minor amounts of inhibition in the tested weeds’ traits.
Under rainfed condition, Regalona showed a higher inhibitory effect
particularly on P. minor. It is noticeable that P. minor appeared to be a
highly susceptible plant to quinoa extract as compared to the other tested
weeds. However, based on the EC50 values the response of the other weeds
was similar to quinoa extract. Also, germination percentage and other
growth parameters responded similarly to the extracts of quinoa (Table 2).

All of the aqueous extracts of quinoa plants significantly inhibited
the germination of the crops’ seeds. Both shoot length and root elongation
were inhibited at the minimum concentration (1 g DW/100 ml). However,
the highest applied concentration of 8 g DW/100 ml achieved a complete
suppression of H. vulgare seed germination. It is clear that there was a
gradual increase in plant growth inhibition as a function of extract
concentrations and vice versa. Hordeum vulgare and A. cepa were the most
sensitive crops, followed by T. aestivum, which responded moderately to
aqueous extracts of quinoa. However, the lowest response to quinoa
allelochemicals appeared on V. faba seeds germination and seedling growth.
The overall genotype Q-52 extract had the most inhibited effect on
germination percentage, shoot length and root length of T. aestivum and the
germination percentage of A. cepa. While Regalona extract was the most
effective genotype on the germination percentage of H. vulgare and all the
measured traits for V. faba (Table 3).

Table (4) shows the activity of quinoa aqueous extracts on the traits
of the tested weeds; the highest inhibitory effect upon seed germination and
seedling growth were caused by the highest concentrations; i.e., 8 g DW/100
ml as compared to the control treatment. Quinoa aqueous extracts at 8 g
DW/100 ml completely inhibited seed germination and seedling growth of
the weeds C. album, C. arvensis and P. minor. This concentration also
resulted in stunted root and shoot growth. The results show that all the
quinoa genotypes used in this study showed allelopathic activity and their
reduction effects were increased by increasing the extracts’ concentration.
Genotype Q-52 had the most inhibiting effect on germination for C. album
and P. monspeliensis and the root length for C. album and A. fatua. On the
other hand, Regalona aqueous extract had the most inhibitory activity for
germination percentage in P. minor and C. arvensis, the shoot length of A.
fatua and finally the root length P. monspeliensis.
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The least sensitive weed was C. album. However, P. minor recorded
the highest susceptible weeds. Genotype Regalona was the most effective on
all the studied characters for P. minor.

Table (5) reports the quali-quantitative data from the Q-52 and
Regalona samples, expressed in mg/L of MeOH:H,0O (80:20) and in mg/kg
of ground tissues. The identity of polyphenols was ascertained using data
from the HPLC-DAD and HPLC-TOF analyses by comparison with
bibliographic data and a combination of retention times and UV/Vis and
mass spectra with those of authentic standards. Nineteen compounds were
detected (Fig. 1), three of which were phenolic acid derivatives: p-
coumaroil, p-coumaroil malic and ferulic acid. These were identified
according to their UV spectra and pseudomolecular ion; in particular p-
coumaroil and ferulic acid were confirmed by comparing their retention time
to that of a commercial standard. The peak ¢ showed a pseudomolecular ion
[M-H] at 279 m/z with fragment ions at 163 m/z [p-coumaroil acid-H]" and
119 m/z. This peak has been tentatively identified as p-coumaroil malic acid.
This is the first time that this compound has been found in quinoa. Flavonols
were always the most represented compounds in particular, in the Q-52
sample, kaempferol dirhamnosyl- pentoside (11.25 mg/kg) was the most
abundant compound followed by quercetin glucuronide (11.2 mg/kg). In the
Regalona genotype, quercetin rhamnosyl-glucoside (9.67 mg/kg) was the
most abundant flavonol followed by isorhamnetin glucuronide (6.23 mg/kg).
Hydroxycinnamic derivatives were also found in the 3.4-15.35 mg/kg range
for the analyzed samples. In particular, p-coumaroil-malic acid (10.60
mg/kg) was the most abundant compound in Q-52, while p-coumaroil acid
(1.60 mg/kg) was the most abundant compound in the Regalona sample.

The corresponding aglycones are oleanolic acid (OA), hederagenin
(Hed), phytolaccagenic acid (PA), and serjanic acid (SA); all of them
deriving from B-amyrin. Sugars can be linked to the aglycone at the C-3 and
C-28. Among the major saccharides, glucose (Glc), galactose (Gal),
arabinose (Ara), glucuronic acid (GlcA), and xylose (Xyl) were found to be
less common. In addition to the four reported, five novel triterpene
aglycones (AG533, AG489, AG515, AG503, AG487) were detected and
characterized by Madl et al. (2006). Quinoa also contains biologically active
phytoecdysteroids, which have been implicated as a plant defense from
insects, and have shown a range of beneficial pharmacological effects in
mammals (Graf et al., 2014). The analyses of the saponin extracts by LC-
DAD electrospray ionization (ESI)-time-of-flight (TOF)-MS revealed the
presence of five different aglycones. In particular, hederagenin (Hed),
phytolaccagenic acid (PA), AG487, AG533 and AGS515 derivatives were
identified (Table 6).
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Table (5). Quali-quantitative composition of the analyzed quinoa samples.
Data are expressed in mg/kg of ground tissues. Data are the mean
of three determinations (standard deviation < 3%)).

[M- Q-52 Regalona
N. RT Compounds . Fragments
P Hp 8 (mg/kg) (mg/kg)
Flavonoids
1 329  Quercetin pentosylglucuronide ~ 609 433 0.65
2 33.5 Quercetin dirhamnosylpentoside 755 3.46 1.56
3 355 Kaempferol dithamnosylesoside 739 5.00 1.24
4 358 Quercetin derivative 1.30 0.98
Isorhamnetin 593-461-
> 363 rhamnosvlpentosvlglucuronide 769 315 1.50 1.80
6 36.6 Quercetin derivative 0.73 0.35
7 372 Flavonoids derivative 0.50
Kaempferol
8 376 dirhamnosylpentoside 709 5.98
Kaempferol
9 379 dirhamnosylpentoside 709 377 11.25 1.94
10 38.6 Flavonoids derivative 2.20 0.50
11 394  Quercetin rhamnosyl glucoside 609 463 7.01 967
12a 41.3 Kaempferol derivative 2.12 traces
12b 41.4 Quercetin derivative traces 6.16
13 419 Apigenin derivative 431-269 2.99
. . 955 [2M-
14 433 Quercetin glucuronide 477 HT-301 11.20 493
. 923 [2M-
15 45.6 Kaempferol glucuronide 461 H]-285 173 0.72
. . 983 [2M-
16 46 Isorh tin gl d 491 g
sorhamnetin glucuronide HT-315 5.68 6.3
Hydroxicinnamic acids
a 369 p-coumaroil acid 163 2.85 1.60
39 Ferulic acid 163 1.90 0.58
40.4 p-coumaroil-malic acid 279 163 10.60 1.22
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Table (6). Saponins identified in quinoa genotype.

N. RT. Aglycone [M+H]" Fragments Q-52 Regalona
1 22.8  AG487 943 619, 487 *

2 239  AG533 989 827,533 * *
3 24.3 PA 973 649, 517 *

4 250 943 781 * *
5 26.0 PA 1135 973, 811 * *
6  26.1 PA 1105 943, 811,517 * *
7 285 HED 1091 929, 767,605,473 * *
8 28.8 HED 929 767, 605, 473 *

9 29.1 943 781 *

10 299 PA 973 811, 649 *

11 302 AGS533 827 655, 533 *

12 30.8 PA 1105 811,649 *

13 31.0 PA 973 811, 649 *

14 32.0 943 781,439 *

15 352 HED 767 *

16 41.5 AGS5I15 647 515 *

17 46.1 PA 1297 811,649,517

*presence in the sample.

Phytoecdysteroids, saponins and other compounds were observed in
Q-52 and Regalona extracts. Fig. (2) shows the base peak chromatogram
(BPC) of Regalona extract for the saponin analyses. Phytoecdysteroid P1 is
tentatively identified as 20-hydroxyecdysone with [M+H]" 481 m/z with a
fragment at 463 m/z. P2 is tentatively identified as 24(28)-
dehydromakisterone A with [M+H]" of 493 m/z and fragments at 475, 457,
439 m/z (Graf et al., 2014). The other compounds present has the following
m/z: O1 [M+H]" 404; 02 [M+H]" 496; O3 [M+H]" 279. The dimer that
confirms the quasi molecular ion; O4 [M+H]" 281.The dimer confirms the
quasi molecular ions; O5 [M+H]"579; 06 [M+H]" 344.

DISCUSSION

From the above results, it can be inferred that the quinoa genotypes
under rainfed conditions had higher allelopathic activity compared to quinoa
genotypes grown under irrigated conditions. This may be due to the drought
stress experienced by the plants during the growing season, which may
induce to produce more production of allelopathic compounds. For example,
Zuo et al. (2010) reported an increase in the allelopathic potential of some
wheat accessions under water stress as a result of increasing the functional
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allelochemicals in the above ground parts. Also, many studies agreed with
earlier findings and stated the increase of the allelopathic potential of plants
under drought stress (Tang et al., 1995 and Tongma et al., 2001 and Kong et
al., 2002).

others \
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Fig. (2). Base peak chromatogram (BPC) of Regalona sample for
phytoecdysteroids, saponins and other compounds.

The results presented here indicate that the inhibitory activity of
quinoa was stronger with the high extract concentrations up to 8 g/100 ml.
This strong allelopathic activity was supported by a limited number of
studies; e.g. Bilalis et al. (2013). However, many studies examined the
allelopathic activity of other species from the Chenopodium genus; e.g.
Majeed et al. (2012) examined the allelopathic properties of C. album weed
on the growth parameters and yields of wheat and barley. Results show that
it has an inhibitory effect on the studied parameters at the higher
concentrations (75%). Also, Daizy et al. (2006) reported a reduction in the
total chlorophyll content of chickpea and pea plants via the action of C.
murale extracts. Batish et al. (2007) reported that C. murale extracts had a
large number of phytotoxic phenols that affected the wheat overall plant
growth and physiology by releasing water soluble phenolic acids in the soil
through their roots.
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Different genotypes posses different allelopathic activity; i.e., the
maximum allelopathic ability was achieved from Q-52 followed by KVL-
SAR2 and then Regalona as compared to the effects from Q-37 and KVL-
SAR3 in the tested plants. Both A. cepa and P. minor were more highly
susceptible plants, when compared to the others. From these results, the
negative influence of quinoa extract was stronger on monocotyledon species
than on dicotyledonous species, this is may be due to the fact that big seeded
weeds and crops have greater surface to volume ratio, which reduce the
exposure of such seeds to allelochemicals, similar results were obtained by
Balah (2016).

It is quite important to study the distribution of allelochemicals in
different parts of quinoa. Bilalis et al. (2013) suggested that the aqueous
extract from the inflorescence tissues of Chenopodium quinoa has more
phytotoxic activity than the parts of the plant; i.e., leaves and roots. Further
studies are also required to test the effect of quinoa residues and extracts on
weed and crop growth under field conditions and varied soil and water
availability.

In quinoa, four different aglycones, four monodesmosidic, and
twenty-two bidesmosidic triterpene saponins are reported (Madl et al.,
2006). Quantitative analysis by LC-DAD-(ESI)-(TOF)-MS of the present
study showed sixteen flavonoids, three hydroxicinnamic acids (p-coumaroil
derivatives), as well as saponins and phytoecdysteroids. Flavonoids seem to
have an allelopathic effect, although the mechanism is still unknown
(Mierzak et al., 2014). Parvez et al. (2004) pointed to the inhibitory activity
of quercetin and its seven derivitives on the shoot growth of Arabidopsis
thaliana and on the germination of Neurospora crassa fungus. They
concluded that the methyl group in the flavonoid nucleus has an important
role in the inhibition process. Also, phenolic acids are identified as
phytotoxins. Gerig and Blum (1991) concluded that ferulic acid and sinapic
acid had more toxicity effect of cucumber seedling as compared to the other
tested phenolic acids. However, saponins were found to have little
allelopathic activity on crop growth as in wheat (Oleszek, 1993).

Galwey (1993) considered quinoa as a multipurpose agro- industrial
crop, where the seed could be utilized for human food and in flour products
and animal feedstocks. Quinoa contains very important constituents of
human nutrition and, according to the results presented here, it is a highly
aggressive crop that can affect the growth of neighbor plants through the
allelopathic activity of quinoa. Further investigation needs to be done to
study the effect of quinoa on the neighboring crops and weeds under field
conditions. However, based on quinoa allelopathic capabilities examined
under laboratory conditions, it can be said that crops grown with quinoa in a
crop rotation system should be selected carefully to best maximize the yield
of quinoa and accompanying crops. Based on the findings in the present
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study, different quinoa genotypes can be utilized in integrated weed
management or non-chemical weed control.

The present study highlights two important points; firstly, results
showed that quinoa is an allelopathic crop, and it is well known that
allelopathy is a chemical mechanism that give an advantage for the plants to
compete for the limited resources, particularly in areas with limited sources
of water; i.e., NWCZ which makes it a good competitor for the existing
crops; such as wheat and barley. Secondly, quinoa extracts can be used for
weed control in this area, where the use of herbicides is restricted.
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