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Abstract

Because of rainfall shortage, quinoa has the potential to supersede traditional crops that contribute to agricultural production less
effectively. The current study determined the quinoa genotypes and plant density suitable for production under rain-fed conditions
in red basalt soil regions. The experiments were conducted in the rainy and dry seasons of 2018/2019 using split-plot designs with
three replications. In these, the main factor consisted of four quinoa genotypes and the subfactor four plant densities (13.3, 10.0,
8.0 and 6.6 plants m’z) with a row interval of 50cm and a plant interval of 15, 20, 25 and 30cm, respectively. The current study’s
results showed that plant density significantly affected polynomial trends on panicle length, panicle number/plant, seed
number/panicle, 1000-seed weight, seed yield, protein content, and ash content. The plant density of 8.0 plants m™ seems to be
the optimal density for quinoa under the studied conditions. Results here also indicate significant differences among quinoa
genotypes for agronomical and seed quality performance. Better performances of quinoa occurred in the dry season compared to
the rainy season. Atlas and Cahuil were the best adaptive quinoa genotypes in the red basalt soil regions.
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Introduction

Quinoa (Chenopodium quinoa Willd.) originated in South region has been perennial crops, which contributed
America, and it has been growing as a staple food crop for substantially to Vietnam's agricultural export values. Soon,
the continent’s inhabitant for 10,000 years. Recently, quinoa the current agricultural production will be less effective
has been considered as world crop (FAO, 2013). Parameters because over 70% of the production area is now
for a world crop include: i) high-quality values with sufficient experiencing rain-fed conditions (World Bank, 2016). Given
nutrient composition; ii) high tolerance to environmental such information, we proposed that quinoa production in
stress such as temperature, drought or saline stress; and this region could contribute to food security under climate
finally iii) high economic benefit, especially under difficulty change. To develop quinoa production in any region and soil
cultivated conditions. condition, along with selecting the most suitable varieties,
In Vietnam, researchers and farmers first grew quinoa from determining the optimal cultural density is necessary. This
1986 to 2000, with a variety of HV; in the northern part with study accordingly evaluates the effects of plant density on
a yield that ranged from 14,0 to 20,6 quintal ha™ (Trinh, growth, yield and seed quality of introduced quinoa
2001). Bertero et al. (2004) also reported that quinoa genotypes as a means to suggest the optimal growing
adapted well to Vietnam’s cultivated conditions with higher density for quinoa under rain-fed conditions in red bazal soil
yield compared to several original regions. Beginning in regions.

2014, researchers and farmers have again been developing

quinoa in different agro-ecological zones via cooperation Results and discussion

between Vietnam and Argentina governments (Dinh et al.,

2015; Nguyen et al., 2016a). Effect of plant density on agronomical and seed yield
With relatively flat and large topography, the Central traits

highland region is considered favorable for developing

quinoa production. Basalt soil is a major soil in Central The statistical analysis showed significant differences
highland, accounting for 24.1% (around 1.45 million ha) of among plant densities for agronomical traits including
the total natural soil in this region. More than 92% of this panicle length, panicle number, seed number, 1000-seed
type of soil is red basalt soil. This is an acidity and mold soil weight, individual and actual yield, but plant height was
with thick cultivated layers and relatively high organic insignificant (Table 1). There were upward trends in
matter, nitrogen, and phosphorus content but low changes of seed number, 1000-seed weight and individual
potassium; such conditions are suitable to cultivate many yield according to reducing plant density. Plant height,
perennial and annual crops such as coffee, tea or maize panicle length, panicle number, and actual yield changed in
(Trinh et al., 2019). The major agricultural production in this polynomial trends by increasing, then decreasing,
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following a drop in plant density to D3 (8.0 plants m‘z)
(Table 2). Increasing density, the competition in sunlight
leads to higher plant height among the denser population.
Nevertheless, nutrient and water competition may lead to
reductions of plant height and other growth parameters in
the denser population owing to shortages in nutrient
supplement. An optimal density will support the growth
balance to achieve the highest grain yield. In Brazil, Spehar
and Rocha (2009) found that increasing density from
100,000 to 600,000 plants ha® had a negative effect on
plant height, though it did not affect grain and biomass
yield, nor did it affect 1000 grain weight. In Egypt with
sparser density, Eisa et al. (2018) found there was an
increase of plant density from 56,000 to 167,000 plants ha’
! and decreased 1000-seed weight, but also increased seed
yield by 34.7%. In Argentina, Erazzu et al. (2016) reported
that plant height, stem diameter, and grain yield were
higher in sowing density of 70,000 plants ha™ compared to
460,000 plants ha. Delatorre et al. (1995) found little
difference in plant height and yield among three densities
of 27,600, 83,000 and 322,000 plants ha™ (Delatorre,
2003). Similarly, Isobe et al. (2015) reported that the
differences in seed yield of NL-6 quinoa variety were
insignificant among plant densities in both narrow and
wider row distances. Sief et al. (2015) reported that grain
yield of quinoa changed in the same trend when increased
plant densities at narrow interspacing row treatments
(20cm), but in opposite trend at wider spacing. In the
northern part of Vietnam, Nguyen et al. (2016b) reported
that plant density was not associated with the
morphological performance of quinoa under saline stress
conditions. Under non-stress conditions, Nguyen et al.
(2018) also found that plant density had no effect on the
number of panicle, panicle length, or 1000-seed weight,
while yield increased from 7.8 to 36.9% when plant density
increased from 130,000 to 160,000 and 200,000 plants ha
! Trinh et al. (2001) also reported that plant density did
not affect plant height or panicle length of HV1 var quinoa,
whereas individual yield increased when plant density
decreased from 166,666 to 47,620 plants ha. At the same
time, actual yields were optimal when plant density ranged
from 83,333 to 111,111 plants ha™. In the current study,
we found that plant density had no effect on the fat, fiber
and starch contents of quinoa genotypes, whereas protein
and ash content increased when plant density decreased
(Table 3). The protein content of quinoa at D3 (80 plants
m™) The protein content of quinoa at D3 (8.0 plants m?)
was significantly higher than those at other densities,
excepting D4 (6.6 plants m'z). At D3 and D4, the ash
contents of quinoa was significantly higher than D1 (13.3
plants m'z) (Table 4). Such results agree with Eisa et al.
(2018), who found that protein and ash concentrations in
seeds were higher at lower planting density. They also
reported that there was no significant difference between
two planting densities regarding the concentrations of the
detected crude fiber and total fat in quinoa seeds.
Similarly, Sief et al. (2015) found increased protein content
in quinoa seeds when plant density was lesser. However,
Nguyen et al (2018) found no difference among plant
densities in the contents of protein, fat, fiber, ash, starch
and sugar.

Variation of quinoa genotypes on agronomical and seed
yield traits

The current study found the differences among quinoa
genotypes for all target traits (Table 1, 3). Among

investigated genotypes, Atlas was the best for all
agronomical traits, with its significantly higher values for
panicle length and actual yield than others. Meanwhile,
plant height, panicle length and actual yield of Cahuil were
significantly higher than those of Moradas and 2-want.
Cahuil and Atlas also showed the highest values for fiber
content. Atlas also had the highest protein content (18.49%)
followed by Cahuil (15.68%). Meanwhile, Cahuil had the
highest fat content by a significant factor. Cahuil and
Moradas had the highest ash content. Moradas and 2-want
showed the highest values for starch contents, significantly
higher than that Atlas did. Previous studies found
differences among investigated quinoa cultivars in
agronomical traits such as plant height, panicle length,
number of panicles, 1000-seed weight and grain yield
(Maliro and Njala, 2019; Prager et al., 2018; Tan and Temel,
2018; Naneli et al., 2017; Santis et al., 2016, Nguyen et al.,
2016a, b). Prager et al. (2018) and Santis et al. (2016)
identified differences in seed quality traits, including protein,
fiber, and fat content.

Genotype and plant density interaction for agronomical
and seed yield traits

In this study, the interactions between plant density and
genotypes were insignificant except for 1000-seed weight in
both seasons (Table 1). The difference in response of
genotypes to different environments often occurs because
of the strong effect of genetic and environment interaction,
but especially with the participation of a larger number of
genotype or more different locations. Maliro and Njala
(2019), Naneli et al. (2018), and Tan and Temel (2018) found
significant interactions of genotype and location in their
experiments, but in the case of fewer genotypes or less
different environments, the effect of the interaction of
genetic and environment was less significant. In peanuts,
there was significant interaction between genotype and
year, but the interaction of genotype and water regime
within a year was insignificant (Dinh et al., 2013, 2014).
Similarly, Dinh et al. (2018) found no interaction between
sugarcane genotype and water regime. In quinoa, there
were similar results in the interaction between year and
genotype (Prager et al.,, 2018; Santis et al., 2016), and
between genotype and nitrogen level (Dinh et al., 2015).
Interestingly, the performance of genotype at different plant
densities were similar between two growing seasons and
seemed to be better in the dry season (Table 2). Meanwhile,
yield of other crops, such as maize in dry season, is
remarkably lower compared to that in the favorite season
(summer-autumn/rainy season) (Nguyen et al., 2020). One
could grow quinoa in different areas with greatly various
precipitation, from Ecuadorian Andean with rainfall amount
of 600 to 880mm to Northern Chile with 50 to 100mm of
rainfall (FAO, 2011). In this study, higher rainfall supported
better vegetative growth, with higher plant height, number
of branches, and panicles per plant. However, heavy rainfall
and more humid air conditions might affect reproductive
growth with lower seed number per panicle as well as seed
weight, leading to lower individual and actual vyield
compared to the dry season. The results of our study are
similar to Dinh et al.’s (2015) results in the northern area
where there were 1.6 to 2.1 times higher yields in the
winter-spring season (dry and cold season) than in spring-
summer season (wet and warm season). Such results
suggest that quinoa could adapt well in the Central highland,
and especially in the dry season.



1. ANOVA analysis of plant height, panicle length, panicle number, seed number/panicle, 1000-seed weight, individual yield, and actual yield

Source

Panicle number plant’

Seed number panicle”
1

Plant height Panicle length 1 1000-seed weight Individual yield Actual yield
Rainy season 2018
Density (D) ns ® ok ok * *k ook ok ok o
Genotype (G) *kx ok * % ok ok * *okk *Ek
D*G ns Ns ns ns ** ns ns
Dry season 2018/2019
Density (D) ns * * *ok Kok ok P
Genotype (G) *k ok ok *ok ok ok * ok ok .
D*G ns Ns ns ns * ns ns

ns, *, ** and ***

mean non-significant, significant at P < 0.05, P < 0.01 and P < 0.001, respectively.

Table 2. Plant height, panicle length, panicle number, seed number/panicle, 1000-seed weight, individual yield and actual yield of quinoa genotypes across plant density in rainy season 2018 and dry

season 2018/2019

Plant height Panicle length Panicle number plant'l Seed number panicle’l 1000-seed weight Ind|V|dL{?I yield Act.ual ylelc_l1
Treatment (cm) (cm) (g) (g plant™) (quintal ha™)

Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry
Density
D1 102.8 97.2 18.6° 19.7° 25.4° 24.2° 214.9° 240.2° 2.27° 2.42° 13.6° 13.8° 14.5° 16.3°
D2 102.5 96.9 19.1% 20.2" 26.9% 25.8%° 237.1° 262.4° 3.06° 3.21° 21.2° 21.4° 17.3% 19.1%
D3 107.3 101.7 21.0° 22.1° 28.9° 27.7° 257.0° 282.4% 3.62° 3.74° 28.3° 28.4° 18.9° 20.6°
D4 104.9 99.3 19.9° 21.0° 27.3%® 26.2%° 259.3° 284.6° 3.87° 3.97° 29.4° 29.6° 16.2" 17.6™
Genotypes
Cahuil 108.6° 103.0° 22.2° 23.3° 27.9" 26.7° 243.5° 269.8° 3.21%° 3.33%" 16.4° 2407 17.5° 19.2°
Atlas 113.1° 107.5° 23.7° 24.8° 28.6° 27.4° 255.7° 281.1° 3.31° 3.43° 21.3° 26.1° 20.5° 22.5°

b b c c b b b b ab ab ab b c c

Moradas 95.7 90.1 16.0 17.1 25.8 24.6 223.8 249.1 3.27 3.42 19.6 21.3 14.0 15.4
2-want 100.1° 94.5° 16.6° 17.7° 26.3° 25.2° 245.3° 270.7° 3.03° 3.15° 18.3% 21.7° 14.9° 16.4°

Different capital letters in the same column show significance between water conditions at P < 0.05 by Turkey.
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Fig 1. Meteorological conditions in the experimental field during rainy season 2018 (a) and dry season 2018/2019 (b).

Table 3. ANOVA analysis of fat, fiber, protein, ash and starch content.

Source Fat Fiber Protein Ash Starch
Density (D) ns ns *k * ns
Genotype (G) %k k% % %k %k % %k k % %k k * %
D*G ns ns ns ns ns

ns, ¥, ** and *** mean non-significant, significant at P < 0.05, P < 0.01 and P < 0.001, respectively.

Table 4. Fat, fiber, protein, ash and starch content of quinoa genotypes across plant density in dry season 2018/2019.

Treatment Fat (%) Fiber (%) Protein (%) Ash (%) Starch (%)
Density

D1 3.67 6.94 15.88° 1.64° 69.23
D2 3.63 6.90 15.93" 1.67% 68.67
D3 3.69 6.98 16.34° 1.70° 69.01
D4 3.72 6.91 16.17%° 1.70° 68.51
Genotypes

Cahuil 4.16° 7.66° 15.67° 1.80° 68.897
Atlas 3.59° 7.71° 18.49° 1.65° 66.94°
Moradas 3.49° 6.09° 15.01° 1.78° 69.37°
2-want 3.47° 6.25° 15.14° 1.47° 70.22°

Different capital letters in the same column show significance between water conditions at P < 0.05 by Turkey.

Materials and methods
Plant materials

This study used four introduced quinoa genotypes including
Cahuil, Moradas (from Chile), Atlas (from the Netherlands)
and 2-want (from Argentina).

Experimental conditions

The experiments were conducted in the rainy season (June
to September 2018) and dry season (November 2018 to
January 2019) at the Faculty of Agriculture and Forestry, Tay
Nguyen University (12°39’ North, 108°1’ East, elevation of

1980

431 meters), Buon Me Thuot city, Dak Lak province, Vietnam
—the representative area of the Central highland's cultivated
conditions. Fig. 1 shows the meteorological conditions with
air temperature in the rainy season ranged from 22.3 to
26.6°C with an average of 24.8°C, where air humidity ranged
from 76.0 to 96.0% with an average of 85%. Total rainfall in
this season was 865.8mm, which was uniformly divided into
four months of the experimental period. There were no
clear differences in air temperature and air humidity in the
dry season compared to those in the rainy season, with an
average of about 1.7°C and 3% lower, respectively.
Difference in rainfall distribution was remarkable between
two cropping seasons, where total rainfall was 109.1 mm,
which was just one-eighth of that in the rainy season, mostly



in the first 20 days of the growing cycle, and a few days at
blooming and seed formation stages. The experimental soil
is red basalt type with a pH of 6.01, as well as soil properties
of 0.18% N, 10.8mg P,05 100g ™" and 11.0 mg K,0 100g™.

Experimental design

The current study applied a split-plot design with three
replications for experiments in both seasons.

Four introduced quinoa genotypes were assigned in sub-
plots. In the main-plot, four plant densities D1 (13.3 plants
m’z), D2 (10.0 plants m’z), D3 (8.0 plants m’z) and D4 (6.6
plants m'z)corresponded to a row distance of 50cm and
plant distances of 15, 20, 25 and 30cm, respectively.

Crop management

Five seeds per hill were sowed at 2-3cm of depths, then
thinned to one plant per hill at 2-3 leaves stage. The
experimental plot size was 14m? (5 x 2.8m). Fertilizer was
applied containing 1000kg Huco microorganism, 500kg lime,
90kg N, 60kg P,0s and 60kg K,O ha™ (Dinh et al., 2015).
Quinoa plants grew under rain-fed conditions with water
supplements at the sowing date to ensure seed germination.
There were regular crop management practices to control
pests, diseases, and weeds.

Data collection

At harvest, ten plants in each sub-plot were randomly taken
from above ground to measure plant height, panicle length,
panicle number per plant and number of seed per panicle.
Then, panicles of sample plants were sun-dried for 3 days,
threshed and winnowed by hand to determine the 1000-
seed weight and individual seed yield. The remaining plants
in each plot were harvested to estimate actual or harvested
yield. Following harvest, seed samples were oven-dried at
60°C until constant weight to determine the contents of fat,
fiber, protein, ash, and starch according to Eisa et al.’s
(2018) methods. All data were subjected to analysis of
variance according to a split-plot designed using Statitix 8
package.

Conclusions

In conclusion, changes in plant density significantly affected
panicle length, panicle number, seed number, 1000-seed
weight, individual and actual yield, protein and ash contents,
but plant density did not significantly affect plant height, fat,
fiber, and starch contents. Eighty thousand plants ha™ was
the most suitable plant density for the highest seed yield
and seed quality. Quinoa adapted well in the Central
highland with better performance in the dry season. Among
quinoa genotypes, Atlas and Cahuil performed best in the
Central highland conditions.
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