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Abstract: Optimization of agronomic practices for cultivation of quinoa, a super food and climate
resilient crop, is critical to obtain its maximum grain yield under the current scenario of climate
change. In the present experimentation, we evaluated the appropriate sowing time of ten elite lines of
quinoa, already screened from USDA germplasm. Seeds of each line were sown in the experimental
area at Square No. 22, Block No. 5, Directorate of Farm, University of Agriculture, Faisalabad,
Pakistan on 15 November, 30 November and 15 December during quinoa cultivation season of
2019–2020. Sowing time significantly affected the emergence percentage, days taken to anthesis,
chlorophyll contents, sodium and potassium concentrations in leaf, plant height, stem diameter,
number of leaves and leaf area, panicle length, grain yield and 1000-grain weight. Lines; PIA-922,
PIA-924, PIA-928 and PIA-929 performed better under first sowing and produced higher grain yield
as compared to other lines. Similarly, PIA-921, PIA-922, PIA-925 and PIA-932 produced maximum
biomass and grain yield under second sowing date while in case of third sowing date, PIA-926,
PIA-928, PIA-930 and PIA-931 were observed more responsive regarding growth and yield attributes.
A diversified pattern of agronomic, growth and yield contributing attributes of quinoa lines was
observed when cultivated under varying sowing dates. The collected data will be very informative
for the breeders and agronomists during selection and variety development process in future.

Keywords: germplasm; growth; quinoa; sowing dates; yield

1. Introduction

Quinoa (Chenopodium quinoa) is a pseudo-cereal crop native to the South American
Andean region which has increased its popularity worldwide. It was familiarized recently
in Northern America, Africa, Asia and Europe. Quinoa is currently preferred as an alternate
to conventional crops, despite its adaptability to marginal soils, drought, salinity and
frost [1–3]. It contains carbohydrates (58–68%), proteins (10.4–17.0%) and fats (2–10%)
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making it a perfect energy source that is released gradually into the body due to its high
fiber content (6.3%). Vitamins including A, B, C, E and minerals, i.e., Zn, Mg, Cu, Fe,
Ca [4,5] are also present in its grains. Grains of quinoa are gluten free, and therefore
used as supplement for the people with celiac disease [6,7]. Compared with other cereal
crops, it has great nutritional features, due to which it can be included in a proper diet
full of nutrients [4]. It is a valuable source of various nutrients, so is beneficial with many
other food kinds to attain good overall diet. Keeping in view its importance, the United
Nations announced the year 2013 as international year of quinoa [8]. Globally, demand for
consumption is rising on a daily basis and an average of up to 2% edible grain production
is estimated annually to ensure food safety [9,10].

Diversification in quinoa usually have variations in tissue phenology, morphology
and chemical formation [11]. Nevertheless, photoperiod exposure is the most vital aspect
in the emergence of new diversities recognized at larger latitudes. In most cases, quinoa is
a short-day plant where the development of panicles in any photoperiod can be disrupted
by seed filling and mellowing [12]. Sowing time is the most crucial activity of quinoa crop
that has a great impact on the emergence, density level and biological yield of the crop.
The emergence of seed depends upon the weather conditions of the region, line, moisture
content of soil and the seeding depth. The sowing period in the southern Altiplano is from
late August to early December, while the planting time is between October to November in
the central and northern Altiplano, depend on rainfall and temperature [13]. Nonetheless,
seasonal variations control factors such as temperature fluctuation and rainfall pattern,
which can be overcome by monitoring the sowing time. Sajjad et al. [14] reported that
quinoa crop sown on 15 January took more days to true leaf and bud formation. They
also observed that early sowing performed better and showed good emergence and stand
establishment than late sowing.

Shams and Galal [15] revealed that seeding of quinoa on 15 December resulted in
maximum plant height, weight of the main head, 1000-grain weight and grain yield per
plant under the climatic conditions of Egypt. Hirich et al. [16] explored the impacts of
seeding date on quinoa growth throughout number of trials showed for alteration of quinoa.
Seeding dates influenced the expansion and productivity. Maximum dry matter production
and seed production were attained when quinoa seeded in November and at the start of
December. Initial seeding in November to December produced better plant growth when
temperature was low in January and February, and when damaging mildew was found in
March. Awadalla and Morsy [17] studied the effect of planting dates and nitrogen levels
on the plant height and number of branches per plant, dry weight per plant, weight of
seeds per plant and biological yield. They concluded that planting at 1 November quinoa
genotypes had the highest values of seed yield and protein content. Results depicted
a strong correlation between the yield and its components with respect to sowing time.
Planting of quinoa on 1 November resulted the highest values of economic return. The short
growing season is a major constraint for growth in northern parts of Europe, Canada and
high-altitude areas, as quinoa requires a maximum production time of 150 days in order to
secure seed harvest [18]. Early maturity is therefore one of the most important features if
quinoa is cultivated under these conditions. There is strong potential for increased quinoa
production in southern Europe, in the United States, and in other parts of Africa and Asia.
In Morocco, quinoa has been tested with varied yield according to sowing date, cultivar
and soil under various climatic and soil conditions [19].

Nonetheless, Bolivia and Peru, the main producing countries of quinoa, cannot cope
with the rising demand in the world. In Pakistan, 2009 was the year in which quinoa
was familiarized to attain the upgrade production in numerous agro-climatic situations
of the country [3,20]. Its farming time in Pakistan varies from the start of November to
the end of December when all the climatic conditions are suitable for its sprouting [14].
It is also reported that the potential of the superior features of quinoa crop has not been
completely discovered and utilized. Being a newly introduced crop in this region, it is
necessary to explore the available germplasm regarding maximum yield linked with its
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adaptability in local agro-climatic conditions under varying sowing dates. Therefore, a field
study was planned and conducted at the Research Farms Area, University of Agriculture to
evaluate the influence of sowing dates on growth and yield of ten (10) elite lines of quinoa,
previously screened from USDA germplasm and to optimize the sowing time for selected
exotic quinoa lines under agro-climatic conditions of Faisalabad, Pakistan.

2. Results

In the case of sowing on 15 November the maximum emergence percentage was
found in lines 3 and 7, and line 2, 4, 6 and 8 were observed statistically similar in first
sowing (Figure 1). Line 10 depicted maximum emergence percentage under sowing date of
30 November while lines 1, 2, 3, 4, 5 and 6 were recorded statistically similar. Regarding
third sowing date on 15 December, line 5 was found on the top regarding emergence
percentage and lines 6, 8, 9 and 10 performed statistically similar for emergence percentage
(Figure 1). Sowing dates significantly influenced the days taken to anthesis as well as
variations were also observed among the quinoa lines and their interactive impact was
also noted statistically significant (Table S1). Lines 8, 9 and 10 took maximum to anthesis
stage while minimum were observed in line 7 under first sowing date (Figure 1). Under
second sowing date, maximum days taken to anthesis were found in lines 2, 7 and 8 while
minimum in line 10. Lines 2 and 3 took the highest time period for anthesis stage when
sowing was performed on 15 December while line 9 took least time (Figure 1).
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Figure 1. Emergence percentage and days to anthesis of quinoa lines grown under varying sowing
dates. Bars sharing the same alphabet did not differ significantly at p < 0.05. Small alphabets (a, b,
c. etc.) are used to express the statistically significant difference.
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Sowing time was observed statistically significant regarding the synthesis of chloro-
phyll pigments. Chlorophyll pigments were also found significant among the quinoa
lines. The interactive effect of sowing times and lines was also recorded significant for
chlorophyll pigments (Table S1). Lines 2, 3, 6 and 7 synthesized more chlorophyll pigments
as compared to other lines while minimum pigments were observed in line 8 under sowing
conditions of 15 November (Figure 2). Lines 1, 2, 4 and 10 were observed more responsive
regarding the synthesize of chlorophyll pigments under sowing conditions of 30 November.
Under the sowing conditions of 15 December, lines 5, 6, 8 and 9 synthesized maximum
chlorophyll pigments. Protein content was not influenced by the sowing dates but was
observed significant among the line and interaction was also statistically significant. Line 5
produced the highest protein content under first sowing date which was statistically similar
with all other lines except line 8. In case of second sowing date, line 4 and 7 were recorded
more prominent regarding the synthesis of protein content. All the lines performed better
under third sowing date except line 1 regarding protein content. Leaf potassium (K) and
sodium (Na) contents were significantly affected by sowing dates and even among the
quinoa lines with significant interaction of sowing dates and lines (Table S1). Lines 1, 4,
5, 8, 9 and 10 under first sowing date, 3 and 7 under second sowing date and 1, 2, 3, 4, 7
and 10 under third sowing date accumulated more Na content in their leaves (Figure 2).
Line 3 was comparatively more responsive regarding the accumulation of K contents in
leaves under first sowing date. Under second sowing date, lines 1, 4 and 10 accumulated
maximum K contents in their leaves while line 6 accumulated the highest K contents under
third sowing date (Figure 2).
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Figure 2. Leaf chlorophyll, leaf protein, leaf potassium and leaf sodium contents of quinoa lines
grown under varying sowing dates at anthesis stage on fresh weight basis. Bars sharing the same
alphabet did not differ significantly at p < 0.05. Small alphabets (a, b, c. etc.) are used to express the
statistically significant difference.

All the growth and yield attributes were significantly influenced by the sowing dates,
except number of branches and biological yield, significant variations were observed
among the lines regarding growth and yield attributes and interaction of sowing dates
and lines was statistically significant (Table S1). Maximum plant height (63.92 cm), stem
diameter (10.31 cm) and number of leaves per plant (146) were produced under first sowing
while number of branches was not influenced by sowing dates (Figure 3). Regarding the
performance of lines, maximum plant height (73.94 cm) was recorded in line 1 under second
sowing date while line 7 produced the minimum height of 50.57 cm under third sowing
date (Figure 3). Maximum diameter in lines 2 and 10, number of branches in line 1, 2 and 3,
and number of leaves in lines 2, 8 and 10 were recorded (Figure 3). In case of interaction of
sowing dates and lines, lines 3, 1, 5 produced maximum plant height under first, second
and third sowing date respectively. Line 2 in first sowing date, 10 in second sowing date
and 6 in third sowing date produced maximum stem diameter (Figure 3). Maximum
number of branches was produced by the line 2 in first and second sowing, and 5 and 6 in
third sowing. Maximum number of leaves was observed in line 3 under first sowing, in
line 4 and 10 under seconding sowing, and lines 5 and 6 under third sowing (Figure 4).

Sowing of 15 November was observed to be more responsive as compared to second
and third sowing regarding leaf area, because maximum leaf area was observed under
the first sowing while minimum was observed in the third sowing (Figure 5). Regarding
genotypes’ performance, lines 2 and 6 produced the maximum leaf as compared to other
lines and minimum leaf area was recorded in line 3. With respect to the interaction of
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sowing dates and lines’ performance, maximum leaf area was recorded in lines 2, 3, 6
and 7 under the first sowing, in lines 4 and 10 under the second sowing and lines 5 and
8 produced more leaf area under the third sowing (Figure 5). The maximum number of
panicles was noted under the first sowing which was statistically similar to the second
sowing followed by the third sowing. Line 6 produced the highest number of panicles
while the minimum was observed in line 7 (Figure 5). Line 6 under the first sowing date
and line 10 under second sowing date performed better regarding the number of panicles,
and lines 8 under the third sowing (Figure 5). Maximum panicle length was recorded under
the first sowing date while minimum was recorded under the third sowing, date and in
case of lines, a maximum panicle length of 34.33 cm was produced by line 3 under the first
sowing date and the minimum by line 1 under the third sowing date (Figure 5). Lines 3
and 6 were more prominent under the first sowing date regarding panicle length, while
line 4 produced the smallest panicles of 15.37 cm under the same sowing date, and lines 1,
2, 4 and 10 produced longer panicles under second sowing date as compared to the other
lines (Figure 5). Line 5 produced the longest panicles of 24.05 cm under the third sowing
date while the minimum panicle length of 12. 22 cm was found in line 1 under the same
sowing date (Figure 5).
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Figure 3. Plant height and stem diameter of quinoa lines grown under varying sowing dates. Bars
sharing the same alphabet did not differ significantly at p < 0.05. Small alphabets (a, b, c. etc.) are
used to express the statistical significant difference.
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Figure 4. Number of branches and leaves per plant of quinoa lines grown under varying sowing
dates. Bars sharing the same alphabet did not differ significantly at p < 0.05. Small alphabets (a, b,
c. etc.) are used to express the statistically significant difference.

Biological yield was not statistically influenced by the sowing dates (Table S1); how-
ever, the first sowing was comparatively better for biological yield. Among the lines, line 6
produced the highest biological yield (7446.2 kg ha−1) followed by lines 10 (7029.9 kg ha−1)
and 4 (6964.9 kg−1), respectively. In the case of the interactive effect of sowing dates and
lines, line 3 and 6 under first sowing, lines 10 and 4 under second sowing and line 5 under
the third sowing date produced more biological yield, respectively, as compared to other
genotypes (Figure 6). Significant variations were recorded within the quinoa line regarding
grain yield and 1000-grain weight, and even sowing dates significantly influenced these
parameters. The interaction of sowing dates and quinoa line was noted as statistically
significant for grain yield and 1000-grain weight (Table S1). Lines 2, 3 and 7 produced the
maximum grain yield under the sowing conditions of November 15 and lines 1, 2, 4 and 10
under the second sowing date, and in case of the third sowing date of December 15, lines 5,
6, 8 and 9 were observed to be more responsive regarding grain yield (Figure 6). Overall,
maximum grain yield was produced under the first sowing condition. In the case of lines’
performance, line 6 was on the top, producing a maximum grain yield of 3080 kg ha−1,
which was statistically similar to lines 2, 3, 4 and 7 (Figure 6). Maximum 1000-grain weight
was produced by line 6 (3.3689 g) followed by line 2 (3.240 g) (Figure 6). The sowing date
of November 15 was observed to be more responsive regarding the 1000-grain weight as
compared to the second and third sowing on 30 November and 15 December, respectively.
With respect to sowing time, lines 3 and 6 in first sowing, 2 in the second sowing and
6 in the third sowing were found more responsive to produce the maximum 1000-grain
weight (Figure 6).
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Figure 5. Leaf area (single leaf), number of panicles and main panicle length of quinoa lines grown
under varying sowing dates. Bars sharing the same alphabet did not differ significantly at p < 0.05.
Small alphabets (a, b, c. etc.) are used to express the statistically significant difference.

Pearson correlation coefficients among all the studied morphological and physiologi-
cal parameters of quinoa crops at three sowing dates are presented at Figure 7. At the first
sowing date (15 November 2019), days to emergence depicted highly significant and posi-
tive correlation with all the parameters except for Na content and days to anthesis, wherein
a negative correlation was observed. Meanwhile, days to anthesis depicted a negative and
highly significant correlation with all other component traits, except for Na content, which
showed a positive and significant correlation coefficient. This showed that as the days taken
to anthesis increased, Na content in the leaves of quinoa plant also showed an upward
elevation. Likewise, days to anthesis correlation coefficient values between Na content and
all other component traits was negative and highly significant. Correlation values between
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chlorophyll content, potassium content, plant height, stem diameter, number of branches,
number of leaves, leaf area, number of panicles, panicle length, biological yield, grain yield
and thousand grain weight were found to be highly significant and positive. However,
protein content of the quinoa crop revealed that proteins were not significantly correlated
with any other component trait studied except for number of panicles and thousand grain
weight, which showed a moderate (p < 0.05) and positive significance.
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Figure 6. Biological yield, grain yield and thousand grain weight of quinoa lines grown under
varying sowing dates. Bars sharing the same alphabet did not differ significantly at p < 0.05. Small
alphabets (a, b, c. etc.) are used to express the statistically significant difference.



Plants 2022, 11, 2116 10 of 18
Plants 2022, 12, x FOR PEER REVIEW 11 of 19 
 

 

First sowing (15 November 2019) Second sowing (30 November 2019) Third sowing (15 December 2019) 

  

Figure 7. Pearson correlation among various biochemical, growth and yield attributes of ten quinoa lines grown under varying sowing dates. Eme = 
emergence percentage, Ant = days taken to anthesis, CC = chlorophyll content, Pro = protein, Na = sodium, K = potassium, PH = plant height, SD = 
stem diameter, Br = number of branches, LA = leaf area, Pan = number of panicles, PL = panicle length, BY = biological yield, GY = grain yield, TGW 
= thousand grain weight.

Figure 7. Pearson correlation among various biochemical, growth and yield attributes of ten quinoa lines grown under varying sowing dates. Eme = emergence
percentage, Ant = days taken to anthesis, CC = chlorophyll content, Pro = protein, Na = sodium, K = potassium, PH = plant height, SD = stem diameter, Br = number
of branches, LA = leaf area, Pan = number of panicles, PL = panicle length, BY = biological yield, GY = grain yield, TGW = thousand grain weight. * = significant at
p < 0.05, ** = significant at p < 0.01.
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At the second sowing date (30 November 2019), days to emergence depicted a sig-
nificant and positive correlation with potassium content (0.72 *), stem diameter (0.77 **),
number of branches (0.88 **), leaf area (0.71 *), biological yield (0.69 *), grain yield (0.89 **)
and thousand grain weight (0.81 **), while correlation coefficients for day to anthesis were
found to be negative with all the studied traits, and most of coefficients values were also
significant. Chlorophyll content showed a positive and significant association with all
the physiological and morphological traits under observation except for sodium content
(−0.93 **) which was negatively associated with chlorophyll content. However, protein
content of quinoa crop revealed that proteins were not significantly correlated with any
other component trait studied. Na content in quinoa plants also exhibited a strong and
negative relationship with other plant characteristics, except for days to anthesis, which
depicted that an increase in the Na content in the leaves of quinoa plant will eventually
lead to early anthesis, which in turn results in reduction in other economically important
traits such as seed yield and reduction in overall plant biomass. Correlation coefficient
estimates between potassium content, plant height, stem diameter, number of branches,
leaf area, number of leaves, panicles, panicle length, biological yield, grain yield and thou-
sand grain weight were found to be strongly associated with each other in the positive
direction at p < 0.01. It can be deduced from these correlation coefficient estimates that as
the magnitude of one characteristic of quinoa plant rise, it helped to increase the magnitude
of other above-mentioned traits as well.

During the third sowing date (15 December 2019), days to emergence depicted highly
significant and positive correlation with all the parameters except for Na content (−0.78 **)
and days to anthesis (−0.60 *), wherein a negative correlation was observed, while correla-
tion coefficients for day to anthesis were found to be negative with all the studied traits,
and most of the coefficients’ values are also significant. These results showed that as the
days taken to anthesis increased, Na content in the leaves of quinoa plant also showed an
upward elevation. Chlorophyll content showed a positive and significant association with
all the physiological and morphological traits under observation except for Na content
(−0.52 **), which is negatively associated with chlorophyll content. Protein content of
quinoa plants that showed a non-significant correlation, in the first and second sowing date,
depicted a positive and significant correlation in the third sowing date with most of the
plants’ physiological and morphological attributes except for Na content (−0.42 **). As with
days to anthesis, correlation coefficient values between Na content and all other component
traits were negative and highly significant. Correlation values between chlorophyll content,
potassium content, plant height, stem diameter, number of branches, number of leaves, leaf
area, number of panicles, panicle length, biological yield, grain yield and thousand grain
weight were found to be highly significant and in the positive direction. It can be deduced
that due to the strong positive correlation between these traits, efforts to increase one trait
will ultimately result in the increase in other economically important traits such as plant
biomass and grain yield.

3. Discussion

Optimized production technology is one of the critical elements to obtain the maximum
economic return of field crops. The current study was designed and conducted to examine
the effects of various sowing dates on growth, productivity and yield of ten elite lines of
quinoa. Our results revealed that there was significant difference for emergence, growth,
physiological and biochemical attributes in quinoa under different sowing dates and
between various lines. The results showed that the maximum emergence percentage was
found under first sowing date (15 November) as compared to other sowing dates. The
maximum emergence under first sowing may be due to the better optimal temperature
requirements. The outcomes of current experimentation are supported by Bertero [9], who
reported that temperature optima of the soil have a great impact on quinoa germination.
These findings are consistent with already published data [21]. However, these findings
were inconsistent with the results of Sajjad et al. [14], who reported that sowing dates and
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lines have non-significant influence on the germination characteristics of quinoa. In our
case, results showed that lines had a strong impact on days to anthesis. These findings agree
with Sajjad et al. [14], who reported that sowing dates significantly influence the growth
duration of quinoa. The same findings were also reported in previous studies [18,21].
Similarly, according to Risi and Galway [22], sowing dates have a greater influence on the
growth period of quinoa.

The chlorophyll content varied significantly between different lines as well as sowing
dates. As to the individual effect of lines, the maximum chlorophyll content was recorded
for those lines which have maximum emergence percentage as compared to other lines.
The germination rates indirectly influence the chlorophyll content, as the space with canopy
has influence on the leaves’ growth at lateral stage. Among the lines, greater variation
among biochemical traits may be due to the genetic variability of each line [16]. For the
sowing dates, similar findings were also reported by Choukr-Allah et al. [23]. The variation
among the sowing dates regarding growth attributes may be due to the uplifted weather
conditions for various sowing dates. As reported earlier, fluctuations in climatic conditions
had a significant influence on quinoa growth. The genetic variability had a great impact
on the performance of quinoa crop [16]. This evidence indicates that variation among
growth characteristics for different lines may be due to genetic variability of various lines
as well as climatic factors. In this study, treatments (sowing dates and lines) significantly
influence the shoot length of quinoa. Among the sowing dates, the maximum increment in
plant height was found in first sowing date. The findings of the current study regarding
plant height are in line with the outcomes of Hirich et al. [16], who reported that growth
characteristics varied significantly among lines mainly due to the genetic background of
each line. The variation among the sowing date may be due to fluctuation in weather
conditions. The varied climatic conditions for different sowing dates have impact on the
growth traits of crops [24].

The results of the experimentation showed that sowing dates had a significant impact
on the stem diameter, and there was a strong relation between lines and stem diameter.
Fluctuations in climatic conditions significantly influence the growth parameters of quinoa.
Variations in the optimum temperature either high or low cause severe reduction in growth
traits. In addition, Bertero [9] reported that variations in growth traits were observed under
different climatic conditions. The significant variation in stem diameter is mainly attributed
to the genetic characteristics of specific lines. In addition to the stem diameter, the results
of present study also revealed that sowing dates had a non-significant effect on number
of branches per plant. However, lines showed a strong influence on number of branches
per plant. These findings are in line with Mortensen and Gislerød [25], who reported that
growth traits varied among various lines. In addition to the plant height, sowing dates
and lines significantly influence the leaf area of quinoa. These findings are in line with the
outcomes of Bertero et al. [11]. The authors reported that different photoperiod durations
due to various sowing dates have a significant impact on the leaf surface area. In this study,
the variations among lines may be due the genetic characteristics of each line as concluded
by Hirich et al. [16].

In the present study, there was a strong variation for panicle length and number of
panicles under different sowing dates and among the lines. In general, among sowing
dates, maximum panicle length was recorded quinoa sown earlier as compared to other
sowing dates. Additionally, lines also have significant impact on panicle length. Meanwhile,
maximum number of panicles were reported for the first sowing. However, lowered panicle
numbers were recorded under the third sowing date. In addition to sowing dates, lines
also had significant impact on number of panicles. The maximum panicle length during
early growing quinoa was mainly due to the optimal weather condition. The increase
in temperature at lateral growth stages can caused a severe reduction in yield and yield
attributes of quinoa [18]. Similar findings were also reported by Shah and Akmal [26],
delay in sowing date caused a greater reduction in yield and yield attributes such as spike
length. As compared to other parameters, sowing dates did not significantly influence the
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biological yield of quinoa. However, more increment in biological yield was found under
early sowing of quinoa as compared to other sowing dates. These findings are inconsistent
with results of Sajjad et al. [14], who found that late sowing significantly reduces the
biological yield. In our case, maximum decrease was found under early sowing than other
sowing dates. Similarly, our findings are also in line Nakano and Morita [27], who reported
that early sowing produced more biomass than late sowing. In this study, lines depicted
significant variation in economic yield of quinoa lines. The effects of sowing dates were also
significant on economic yield. Among the lines, the maximum economic yield was reported
for A-6 (PIA-928) compared to other lines of quinoa. Similar findings were reported by
Sajjad et al. [14], who reported that lines were reported to have significant influence on the
grain yield. Our findings are supported by Shah and Akram [26], who reported that early
sown was responsible for the maximum production of grain yield in quinoa.

The thousand grain weight has a great contribution to determine the grain yield of
crops. In our study, 1000-grain weight in quinoa significantly differed under different
sowing dates and among the lines. Under different sowing dates, the maximum 1000-grain
weight was recorded for early sowing quinoa as compared to other sowing dates. For
quinoa lines, the maximum 1000-grain weight was recorded for A6 (PIA-928) compared to
other lines. This was similar to findings by Sajjad et al. [14], who reported that early sowing
quinoa (on 15 November) produced greater 1000-grain weight compared with late-sown
quinoa. The greater 1000-grain weight may be due to fluctuation in weather conditions,
as temperature showed a great influence on the yield [28]. Rezouki et al. [29] stated that
agronomic practices, particularly sowing and harvesting periods, are crucial and play a
significant role in yield production. Outcomes of presentation experimentation are in line
with the findings of Akram et al. [30] as they reported that seed yield of quinoa lines was
linked with physiological, morphological and phenological attributes. They also stated that
some lines were found to have short duration while others had long duration. The window
of plasticity for planting ranges from 15 October to 15 December, and favorable time for
its growth and yield potential is during November under irrigated conditions [31,32].
Prolonged maturity and reduction in grain filling cause considerable decline in economical
return and may be linked with a delay in planting time as well as specific response of lines.

4. Materials and Methods
4.1. Experimental Specifics

The present study was designed to explore the cultivation and adaptation potential of
quinoa germplasm under different sowing dates at agro-climatic conditions of Faisalabad,
Punjab-Pakistan. The experiment was conducted during the quinoa growing season of
2019–2020 at Square No. 22, Block No. 5 having a size of 2.5 hectares, directorate of Farm,
University of Agriculture, Faisalabad (30.35–31.47◦ N latitude and 72.08–73◦ E longitude),
Pakistan. The experimental soil was sandy loam in texture having pH of 7.6, electrical
conductivity at 0.69 dS m−1 and exchangeable sodium at 0.28 mmolc/100g. The concentra-
tions of organic matter, total nitrogen, available phosphorus and potassium were 0.96%,
0.061%, 9.1 mg ka−1 and 211 mg kg−1 respectively. The weather conditions during the
course of study are presented in Figure 8. From USDA germplasm, seeds of ten quinoa lines
were collected from Alternate Crops Lab, University of Agriculture, Faisalabad, Pakistan
for experimentation. The trial was executed in split plot arrangement under random-
ized complete block design keeping sowing dates in main plot and quinoa lines in sub
plots having three replicates. Seeds of each line were sown in 75 cm wide lines by hand
placement on flat surface using 8 kg ha−1 seed rate. The area an experimental unit was
112.5 m2 having ten rows and each row was 15 m in length. To fulfill the requirements
of primary nutrients, murate of potash (60% K2O), diammonium phosphate (46% P2O5
and 18% N) and urea (46% N) were used. Furthermore, N, P and K were supplied at a
rate of 75 kg ha−1, 60 kg ha−1 and 60 kg ha−1, respectively. Four irrigations were applied
according to the requirement of crop. Hand weeding was performed twice throughout the
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course of experimentation to control the weed infestation. Disease attack was not observed,
so chemical was not used is this regard.
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Figure 8. The weather data of experimental station from November 2019 to April 2020 during the
growing season of quinoa crop.

4.2. Treatment Plan and Implementation

The following treatment plan was followed to study the above-mentioned objectives:
Factor A-Sowing dates:
First sowing: 15 November 2019.
Second sowing: 30 November 2019.
Third sowing: 15 December 2019.
During first sowing of quinoa on 15 November, the maximum, minimum and average

temperature were 20 ◦C, 5 ◦C and 12.5 ◦C respectively. Relative humidity and rainfall were
68% and 0 mm respectively. On second sowing date, the maximum, minimum and average
temperature were 16 ◦C, 5.5 ◦C and 10.8 ◦C, respectively, and relative humidity and rainfall
were 89% and 0.4 mm respectively. In case of third sowing date, relative humidity and
rainfall were recorded as 80% and 0 mm respectively while the maximum, minimum and
average temperatures were observed as 20 ◦C, 12 ◦C and 16 ◦C respectively (Figure 8).

Factor B-Quinoa lines:
Total ten lines of quinoa were studied in the experimentation and their identities are

given below.
A1 = PIA-921—Chile A6 = PIA-928—Peru
A2 = PIA-922—Bolivia, La Paz A7 = PIA-929—Chile, Bio-Bio
A3 = PIA-924—Bolivia, La Paz A8 = PIA-930—Chile, Bio-Bio
A4 = PIA-925—Bolivia, Potosi A9 = PIA-931—United States, Colorado
A5 = PIA-926—Peru A10 = PIA-932—United States, New Mexico

4.3. Measurement of Emergence Percentage and Days Taken to Anthesis

The number of seeds was counted at the time of sowing and the emerged seeds
were counted daily for the final emergence percentage. Final emergence percentage was
calculated according to the follow formula;

Final emergence percentage = Final number of emerged seeds/Total number of seeds sown × 100
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To record the days taken to anthesis, five plants were tagged in each experimental unit
and examine daily and data were recorded and averaged.

4.4. Estimation of Leaf Chlorophyll, Protein and Mineral Contents

At anthesis stage, fully expanded leaves were harvest to collect the data regarding
physiological and biochemical parameters. By the protocol of Arnon [33], chlorophyll
a and b pigments were estimated. Leaf samples were soaked in 10 mL of 80% acetone
solution for overnight period. Before running the leaf samples, 100% acetones were run as
a control. Absorbance of the samples was taken on spectrophotometer at 645 and 663 nm.
The following formulas were used for the estimation of chlorophyll pigments;

Chlorophyll a content = [12.7 (OD 663) − 2.69 (OD 645)] × V/1000 × W

Chlorophyll b content = [12.7 (OD 645) − 4.68 (OD 663)] × V/1000 × W

where V = volume of extract in mL; W = weight of fresh leaf sample in grams
Total chlorophyll contents were calculated by sum of chlorophyll a and b contents. The

protein content was determined according to the procedure standardized by the Association
of Official Analytical Chemistry [34]. The leaf sap was obtained by freezing the leaves
collected from all treatments which were then ground and liquefied. The sap was then
diluted for flame photometry. Flame photometer was used to find the Na+ content. Then,
10 mL of sap liquid was used to obtain a curve observing Na+ on the x-axis and the optical
densities determined by flame photometer on the y-axis. The sodium content was then
calculated by the help of a curve. To estimate the K+ contents, leaves samples were put
into falcon tubes filled with 25 mL of 1% HNO3 solution for digestion on a hot plate at
85 ◦C for four hours. One milliliter was taken from the digested solution, and a volume
of 10 mL was prepared to measure the K+ concentration in the leaf samples using a flame
photometer (Model 360; Sherwood Scientific Ltd., Cambridge, UK).

4.5. Measurement of Growth and Yield Parameters

The crop was harvested manually with the help of a sickle when the stem and seed
looked dried. Plants were harvested on 12 April 2020 based on the first sowing date, as
they matured within 149 days. In cases of second and third sowing dates, plants were
harvested on 17 April 2020 and 25 April 2020, respectively. After harvesting, plants were
kept for one week in an open environment for sun drying. Five plants were selected from
each experimental unit and the plant height and panicle lengths were measured with the
help of a measuring scale and then averaged. Stem diameter was measured using a Vernier
caliper from the bottom, mid and top of the stem from five randomly selected plants and
then averaged. Five plants were randomly selected from every experimental unit and the
numbers of branches, leaves panicle were counted manually and averaged. The leaf area of
five randomly selected plants was calculated by using a graph method and an average was
obtained. Each leaf was placed on the graph paper and the structure was marked, and the
number of small boxes was counted and multiplied with the correction factor to measure
the leaf area.

Biomass was harvested from 1 m2 from three different places within a treatment to
record the biological yield. Digital electric balance was used to record the biological yield.
Then, biological yield was converted in kg ha−1. Weight of grain for each treatment was
recorded by a digital electric balance in kg to measure the grain yield and later expressed
in kg per hectare (kg/ha−1). Grains were harvested by manual threshing and a thousand
grains were counted and weighed using digital electric balance and averaged to measure
the 1000-grain weight.

4.6. Statistical Analysis

Normal data distribution assumption was tested using SPSS v. 17.0 software 195 pack-
ages according to the Shapiro and Wilk method [35]. The combined ANOVA was carried
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out according to Snedecor and Cochran [36] to estimate the main effects of sowing dates and
line and their interactions. F-test was used to test treatment significance at 5% probability
level using “MSTAT-C” software package. Overall, means of the lines were compared using
Tukey’s HSD Test at level of 5% possibility [37]. Pearson correlation was drawn among the
biochemical, growth and yield attributes of quinoa lines.

5. Conclusions

There was a significant difference for emergence, growth, physiological and biochemi-
cal attributes in quinoa lines under different sowing dates. Among sowing dates, the better
emergence, growth traits and physiological characteristics were found in early sowing
of quinoa during mid-November. Among the quinoa lines, three groups were observed
with respect to sowing time. In the case of early sowing (15 November), lines PIA-922,
PIA-924, PIA-928 and PIA-929 performed better and produced higher grain yield. Lines
PIA-921, PIA-922, PIA-925 and PIA-932 produced maximum biomass when cultivated on
30 November. Under late sown condition (15 December), PIA-926, PIA-928, PIA-930 and
PIA-931 were found more responsive regarding growth and yield attributes.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/plants11162116/s1, Table S1: Analysis of variance (mean sum
of squares) of emergence percentage, days to anthesis, chlorophyll, protein, sodium and potassium
contents of leaf, plant height, stem diameter, number of branches and leaves, leaf area, number of
panicles, main panicle length, biological and grain yield, and thousand grain weight.

Author Contributions: Conceptualization, A.A., S.K. and A.R.; methodology, Z.H., M.S.I., M.R. and
S.U.; software, D.I. and S.U.; validation, D.I., S.B. and N.F.; formal analysis, Z.H., M.R. and S.I.;
resources, M.S.I., M.R. and S.U.; data curation, A.A., T.A. and S.I.; writing—original draft preparation,
A.A., S.K., A.R., J.A. and M.S.E.; writing—review and editing, A.A., S.K., B.A., D.I., Z.H., S.B., A.R.,
S.I. and N.F.; funding acquisition, Z.H., S.B., N.F., T.A., J.A. and M.S.E. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of the current experimentation are
available from the corresponding author upon reasonable request.

Acknowledgments: Authors are thankful to Department of Agronomy, University of Agriculture,
Faisalabad for providing the lab and field facilities for successful completion of experimentation. The
authors extend their appreciation to the Researchers supporting project number (RSP-2021/193) King
Saud University, Riyadh, Saudi Arabia.

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

References
1. Sosa-Zuniga, V.; Brito, V.; Fuentes, F.; Stein, U. Phonological growth stages of quinoa (Chenopodium quinoa) based on the BBCH

scale. Ann. Appl. Biol. 2017, 171, 117–124. [CrossRef]
2. Präger, A.; Munz, S.; Nkebiwe, P.; Mast, B.; Graeff-Hönninger, S. Yield and quality characteristics of different quinoa (Chenopodium

quinoa Willd.) Cultivars grown under field conditions in Southwestern Germany. Agronomy 2018, 8, 197. [CrossRef]
3. Afzal, I.; Basra, S.M.A.; Rehman, H.; Iqbal, S.; Bazile, D. Trends and Limits for Quinoa Production and Promotion in Pakistan.

Plants 2022, 11, 1603. [CrossRef]
4. Dini, I.; Tenore, G.C.; Dini, A. Nutritional and antinutritional composition of Kancolla seeds: An interesting and underexploited

andine food plant. Food Chem. 2005, 92, 125–132. [CrossRef]
5. Koziol, M.J. Chemical composition and nutritional evaluation of quinoa (Chenopodium quinoa Willd.). J. Food Comp. Anal. 1992, 5,

35–68. [CrossRef]
6. Navruz-Varli, S.; Sanlier, N. Nutritional and health benefits of quinoa (Chenopodium quinoa Willd.). J. Cereal Sci. 2016, 69,

371–376. [CrossRef]

https://www.mdpi.com/article/10.3390/plants11162116/s1
https://www.mdpi.com/article/10.3390/plants11162116/s1
http://doi.org/10.1111/aab.12358
http://doi.org/10.3390/agronomy8100197
http://doi.org/10.3390/plants11121603
http://doi.org/10.1016/j.foodchem.2004.07.008
http://doi.org/10.1016/0889-1575(92)90006-6
http://doi.org/10.1016/j.jcs.2016.05.004


Plants 2022, 11, 2116 17 of 18

7. Gordillo-Bastidas, E.; Díaz-Rizzolo, D.A.; Roura, E.; Massanés, T.; Gomis, R. Quinoa (Chenopodium quinoa willd), from nutritional
value to potential health benefits: An integrative review. J. Nutr. Food Sci. 2016, 6, 497. [CrossRef]

8. FAO. Bioversity International. In Celebrando el Ano ~ Internacional de la Quinua: Un Futuro Sembrado Hace Miles de Anos; FAO—
Regional Office for the Americas and the Caribbean: Santiago, Chile, 2012. Available online: http://www.fao.org/fileadmin/
templates/aiq2013/res/es/nota_conceptual.pdf (accessed on 15 April 2022).

9. Bertero, H.D. Effects of photoperiod, temperature and radiation on the rate of leaf appearance in quinoa (Chenopodium quinoa
Willd.) under field conditions. Ann. Bot. 2001, 87, 495–502. [CrossRef]

10. Skovmand, B.; Reynolds, M.P.; Delacy, I.H. Mining wheat germplasm collections for yield enhancing traits. Euphytica 2001, 119,
25–32. [CrossRef]

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

12. Jacobsen, S.E.; Monteros, C.; Corcuera, L.J.; Bravo, L.A.; Christiansen, L.J.; Mujica, A. Frost resistance mechanisms in quinoa
(Chenopodium quinoa Willd.). J. Agron. 2007, 26, 471–475. [CrossRef]

13. Aguilar, P.C.; Jacobsen, S.E. Cultivation of quinoa on the Peruvian Altiplano. Food Rev. Int. 2003, 19, 31–41. [CrossRef]
14. Sajjad, A.; Munir, H.; Anjum, S.A.; Tanveer, M.; Rehman, A. Growth and development of Chenopodium quinoa genotypes at

different sowing dates. J. Agric. Res. 2014, 52, 535–546.
15. Shams, A.S.; Galal, W.K. Effect of sowing dates on quinoa grains and its chemical composition. Ann. Agric. Sci. 2014, 52, 461–468.
16. Hirich, A.; ChoukrAllah, R.; Jacobsen, S.E. Quinoa in Morocco-effect of sowing dates on development and yield. J. Agron. Crop.

Sci. 2014, 200, 371–377. [CrossRef]
17. Awadalla, A.; Morsy, A.S. Influence of planting dates and nitrogen fertilization on the performance of quinoa genotypes under

Toshka conditions. Egyp. J. Agron. 2017, 1, 27–40. [CrossRef]
18. Jacobsen, S.E.; Mujica, A.; Jensen, C.R. The resistance of quinoa (Chenopodium quinoa Willd.) to adverse abiotic factors. Food. Rev.

Int. 2013, 19, 99–109. [CrossRef]
19. Hirich, A.; Choukr-Allah, R.; Jacobsen, S.E.; Benlhabib, O. Could Quinoa Be an Alternative Crop of Wheat in the Mediterranean Region:

Case of Morocco? Les Notes D’alerte du CIHEAM No. 86—Octobre 2012; CIHEAM: Paris, France, 2012; pp. 1–8.
20. Jacobsen, S.E.; Christiansen, J.L. DROUGHT STRESS: Some Agronomic Strategies for Organic Quinoa (Chenopodium quinoa Wild.).

J. Agro. Crop Sci. 2012, 6, 454–464.
21. Jacobsen, S.E.; Stølen, O. Quinoa—Morphology and phenology and prospects for its production as a new crop in Europe. Eur. J.

Agron. 1997, 2, 19–29. [CrossRef]
22. Risi, J.; Galwey, N.W. Effects of sowing date and sowing rate on plant development and grain yield of quinoa (Chenopodium

quinoa) in a temperate environment. J. Agric. Sci. 1991, 3, 325–332. [CrossRef]
23. Choukr-Allah, R.; Rao, N.K.; Hirich, A.; Shahid, M.; Alshankiti, A.; Toderich, K.; Gill, S.; Butt, K.U.R. Quinoa for marginal

environments: Toward future food and nutritional security in MENA and Central Asia regions. Front. Plant Sci. 2016, 7, 346.
[CrossRef] [PubMed]

24. Bhargava, A.; Shukla, S.; Ohri, D. Karyotipic studies on some cultivated and wild species of Chenopodium (chenopodeaceae). Genet.
Res. Crop Evol. 2006, 53, 1309–1320. [CrossRef]

25. Mortensen, L.M.; Gislerød, H.R. Effect of air humidity variation on powdery mildew and keeping quality of cut roses. Sci. Hortic.
2005, 104, 49–55. [CrossRef]

26. Shah, S.M.; Akmal, M. Effect of different sowing dates on yield and yield components of wheat varieties. Sarhad J. Agric. 2002, 18,
143–149. [CrossRef]

27. Nakano, H.; Morita, S. Effects of planting time and nitrogen application on dry matter yield of the forage rice cultivar tachiaoba
in southwestern Japan. Plant Prod. Sci. 2009, 12, 351–358. [CrossRef]

28. Repo-Carrasco, R.; Espinoza, C.; Jacobsen, S.E. Nutritional value and use of the Andean crops quinoa (Chenopodium quinoa) and
kañiwa (Chenopodium pallidicaule). Food Rev. Int. 2003, 19, 179–189. [CrossRef]

29. Rezouki, S.; Allali, A.; Louasté, B.; Eloutassi, N.; Fadli, M. The impact of the harvesting period and drying conditions on the
essential oil yield of Rosmarinus officinalis, Thymus satureioides and Origanum compactum from the Taza-Taounate region. Asian J.
Agric. Biol. 2021, 3, 202004251. [CrossRef]

30. Akram, M.Z.; Basra, S.M.A.; Hafeez, M.B.; Khan, S.; Nazeer, S.; Iqbal, S.; Saddiq, M.S.; Zahra, N. Adaptability and yield potential
of new quinoa lines under agro-ecological conditions of Faisalabad—Pakistan. Asian J. Agric. Biol. 2021, 2, 202005301. [CrossRef]

31. Basra, S.; Iqbal, S.; Afzal, I. Evaluating the response of nitrogen application on growth development and yield of quinoa genotypes.
Int. J. Agric. Biol. 2014, 16, 886–892.

32. Iqbal, S.; Maqsood Ahmed Basra, S.; Afzal, I.; Wahid, A. Exploring Potential of Well Adapted Quinoa Lines for Salt Tolerance. Int.
J. Agric. Biol. 2017, 19, 933–940. [CrossRef]

33. Arnon, D.I. Copper enzyme in isolated chloroplasts. Polyphenoloxidase in Beta vulgaris. Plant Physiol. 1949, 24, 1–15.
[CrossRef] [PubMed]

34. AOAC. AOAC Official Methods of Analysis, 17th ed.; AOAC International: Arlington, VA, USA, 2000.
35. Shapiro, S.S.; Wilk, M.B. Analysis of variance test for normality (complete samples). Biometrika 1965, 52, 591–611. [CrossRef]

http://doi.org/10.4172/2155-9600.1000497
http://www.fao.org/fileadmin/templates/aiq2013/res/es/nota_conceptual.pdf
http://www.fao.org/fileadmin/templates/aiq2013/res/es/nota_conceptual.pdf
http://doi.org/10.1006/anbo.2000.1362
http://doi.org/10.1023/A:1017528025501
http://doi.org/10.1016/j.fcr.2004.02.006
http://doi.org/10.1016/j.eja.2007.01.006
http://doi.org/10.1081/FRI-120018866
http://doi.org/10.1111/jac.12071
http://doi.org/10.21608/agro.2017.440.1047
http://doi.org/10.1081/FRI-120018872
http://doi.org/10.1016/S1161-0301(14)80148-2
http://doi.org/10.1017/S002185960006706X
http://doi.org/10.3389/fpls.2016.00346
http://www.ncbi.nlm.nih.gov/pubmed/27066019
http://doi.org/10.1007/s10722-005-3879-8
http://doi.org/10.1016/j.scienta.2004.08.002
http://doi.org/10.3923/ja.2006.106.110
http://doi.org/10.1626/pps.12.351
http://doi.org/10.1081/FRI-120018884
http://doi.org/10.35495/ajab.2020.04.251
http://doi.org/10.35495/ajab.2020.05.301
http://doi.org/10.17957/IJAB/15.0399
http://doi.org/10.1104/pp.24.1.1
http://www.ncbi.nlm.nih.gov/pubmed/16654194
http://doi.org/10.1093/biomet/52.3-4.591


Plants 2022, 11, 2116 18 of 18

36. Snedecor, G.W.; Cochran, W.G. Statistical Methods, 9th ed.; Iowa State University Press: Ames, IA, USA, 1994. [CrossRef]
37. Steel, R.G.D.; Torrie, J.H.; Dicky, D.A. Principles and Procedures of Statistics: A Biometrical Approach; McGraw Hill: New York, NY,

USA, 1997.

http://doi.org/10.3102/10769986019003304

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Experimental Specifics 
	Treatment Plan and Implementation 
	Measurement of Emergence Percentage and Days Taken to Anthesis 
	Estimation of Leaf Chlorophyll, Protein and Mineral Contents 
	Measurement of Growth and Yield Parameters 
	Statistical Analysis 

	Conclusions 
	References

