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ABSTRACT

Sowing dates and harvest stages are very important to obtained better forage yield and quality. The goal of the
study was to ascertain how the quinoa growing conditions in Marmara will be affected by the sowing dates and
harvest stages. In 2018 and 2019, the experiment was conducted in an experimental field in the Agricultural
Application and Research Area of Bursa Uludag University's Agriculture Faculty. The field experiment was set
up using three replicates of a split-plot randomized complete blocks design. Titicaca variety of quinoa was used
as a plant material in the study. Four different sowing dates (15 April, 1 May, 15 May and 1 June) were
considered in the main plot and three different harvest stages (beginning of flowering, full flowering and seed
setting) in the sub-plot. In this study, plant height, dry matter yield, crude protein, crude protein yield, neutral
detergent fiber, acid detergent fiber, the relative feed value, and macro and micro elements were examined. The
two-year findings show that sowing on May 1 produced the maximum dry matter yield (2798 kg ha') and crude
protein yield (584 kg ha™!). In terms of harvest stages, seed setting stage came to the fore in terms of high forage
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(4001 kg ha'') and crude protein yield (746 kg ha™).
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INTRODUCTION

The quinoa, which takes its origin from the Andes
mountains in South America, has spread all over the world
from here. The remaining parts of the plant, which has been
grown for grain by the people of this region for a long time,
have also been used in ruminant nutrition (Bazile et al.,
2015; Temel and Keskin, 2019). Quinoa hay and straw have
been used in South America for centuries to feed cattle,
sheep, horses and pigs (FAO, 1994). Quinoa hay, which is
loved by cattle as a fodder plant, is a material rich in
protein, carotenoids and ascorbic acid (Bhargava et al.,
2007). Quinoa is a fast growing and easily ensiled plant.
Due to its easy cultivation, it is grown as a feed source in
organic agriculture. In general, 3-3.5 months after planting,
quinoa can produce silage material with sufficient dry
matter content and high crude protein content (Tan and
Yondem, 2013). It is also very advantageous as a second
crop as it is harvested in a short time (Uke, 2016). With the
use of suitable genotypes, a high amount of forage yield can
be obtained. By choosing the right variety, the hay yield can
reach 10 ton ha! in dry conditions and over 20 tons ha™! in
irrigated conditions in well-maintained fields (Kaoutar et
al.,, 2017; Tan and Temel, 2017; Tan and Temel, 2018;
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Temel and Keskin, 2019; Temel and Surgun, 2019; Temel
and Yolcu, 2020). In contrast, Kaoutar et al. (2017)
reported that 4.7-15.2 t ha™! dry matter yield was produced
in Moroccan environments, whereas Kakabouki et al.
(2014) reported 8.2-9.17 t ha! in Greece. The dry matter
digestibility of quinoa hay is between 63% and 69%, and
the crude protein content ranges from 13% to 22% (Van
Schooten and Pinxterhuis, 2003). The forage produced
from quinoa is fed to animals as green or by making silage
(Tan and Temel, 2020). There are few studies on the impact
of varied sowing dates and harves stages on forage
productivity, forage quality, and macro-micro elements of
forage, despite the fact that studies on the forage yield and
quality of many quinoa varieties have been undertaken. The
present study was aimed to determine the effect of sowing
dates and harvest stages on the dry matter yield and forage
quality of quinoa.

MATERIALS AND METHODS

The study was carried out in the experimental area of
Faculty of Agriculture Agricultural Application and
Research Center of Bursa Uludag University in 2018 and
2019 (40° 11" N, 29° 04" E). Climate data during the two
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growing seasons and long terms (LT) are presented in Table
1. Long-term represents average value of collected data
about monthly mean temperatures, mean relative humidity
(%) and total precipitation in the period 1975-2014. When
the LT average data for Bursa Province from April to
September are reviewed, it is discovered that there were
218.2 mm of total precipitation, 20.4°C on average, and
60.5% relative humidity. The total precipitation in the
second year of the experiment was lower than the LT and
the first year. It was discovered after analyzing the
temperature measurements for the six months that the
experiment's average temperature was similar to the
average for several years. Table 2 contains a list of the soil
characteristics in the study area from 0 to 20 cm deep. The
soil analysis's findings were contrasted with those of the
references (Muftuoglu et al., 2014). In the experiment, the
main plot and the sub-plot were each subjected to four
different sowing dates (15 April, 1 May, 15 May and 1
June), as well as three different harvest stages (beginning
of flowering, full flowering and seed setting). Titicaca
variety of quinoa was used as a plant material in the study.
The Titicaca variety developed in Denmark is a day neutral
plant (Tan and Temel, 2019). Row spacing was 35 cm,
sowing rate was 3 kg per hectare, and sowing depth was 1.5
to 2 cm (Tan and Temel, 2017). 6 rows were manually
seeded in each of the experiment's 10.5 m? plots, which
were 5 m X 2.1 m in size. During the sowing phase, 75 kg
of N and 80 kg P,0s per hectare were applied. After the
plants had grown to a height of 30 to 40 cm, an additional
50 kg of N fertilizer was added to the soil per hectare
(Geren, 2015). As a nitrogen and phosphorus fertilizer
source, respectively, ammonium sulfate (21% N and TSP-

44% P) were utilized. A roller was utilized to remove the
parcel after sowing, and drip watering was used to assure
germination and emergence. Weeds were removed by hand
hoeing. The distance between the soil's surface and the
plant's tip was used to calculate the plant's height (cm). For
this purpose, 10 randomly selected plants were used. After
removing the edge effects in each plot, 2.8 m?sections were
cut by hand. The samples were dried for 48 hours at 65 °C,
weighed, and an estimation of the dry matter % was made.
Dry matter yield was determined on the basis of fresh
forage yield and the percentage of dry matter. Dry samples
were grounded for the analyses. Nitrogen (N) content was
determined using the Kjeldahl method, and crude protein
was estimated using the formula N x 6.25 (AOAC, 1997).
On the ground samples, acid detergent fiber (ADF) and
neutral detergent fiber (NDF) analyses were carried out
(Van Soest et al., 1991). In addition, relative feed value
(RFV) was calculated using the obtained data (Van Dyke
and Anderson, 2000). In a microwave oven of the Berghof
MWS2 model, plant samples were digested using a solution
of nitric acid and hydrogen peroxide (HNOs + H»0,). A
Perkin Elmer Optima 2100 DV ICP OES was used to
analyze the resulting solution for the elements phosphorus
(P), potassium (K), sodium (Na), magnesium (Mg),
calcium (Ca) and microelements (Cu, Fe, Mn, and Zn)
(Kacar, 2014). With the use of the JUMP package program,
the data were subjected to analysis of variance using the
"Randomized Complete Blocks Design." The LSD test and
5% probability levels were both used to determine the
separate groups, and the probability levels used in the
significance tests were 1% and 5%, respectively.

Table 1. Climate data in 2018, 2019 and LT.

MT (°C) TP (mm) RH (%)
Months LT 2018 2019 LT 2018 2019 LT 2018 2019
April 13.0 15.8 12.8 66.0 14.2 43.6 66.1 70.8 69.7
May 17.4 19.9 19.8 43.4 89.8 48.6 62.0 76.5 65.9
June 22.5 23.5 24.5 36.5 59.2 31.0 57.8 70.1 65.4
July 24.8 26.1 248 17.7 15.4 21.2 56.2 63.2 59.7
August 24.5 26.4 25.2 13.8 2.0 314 57.3 59.7 62.3
September 20.2 21.8 21.5 40.8 46.6 12.4 63.8 67.6 63.2
Total/Avg. 20.4 223 21.4 218.2 227.2 188.2 60.5 68.0 64.4
MT: Mean temperature, TP: Total precipitation, RH: Relative humidity
Table 2. Soil characteristics of the study fields.
2018 2019
Characteristic Value Class Value Class
Sand, % 36.8 . 28.0 .
Soil texture Soil texture
Loam, % 17.3 Clay (C) 19.2 Clay (C)
Clay, % 459 52.8
pH 7.675 Slightly alkaline 7.522 Slightly alkaline
EC, pS cm’! 721.2 Low 813.7 Low
CaCOs, % 4.10 Medium 3.75 Medium
Organic matter, % 2.08 Low 2.29 Low
Nitrogen (N), % 0.098 Medium 0.195 High
Phosphorus (P), mg kg*! 21.15 Sufficient 28.78 High
Potassium (K), g kg™ 0.632 Very high 0.589 Very high
Iron (Fe) mg kg! 13.63 High 12.77 High
Copper (Cu), mg kg™! 4.95 Sufficient 5.46 Sufficient
Zinc (Zn), mg kg'! 1.71 Sufficient 1.56 Sufficient
Manganese (Mn), mg kg™! 66.25 High 53.91 High
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RESULTS

Data discussion were only carried out for main factors
and binary interactions found to be significant. That is;
triple interactions were not elaborated separately in the
parameters in which binary interactions were found
significant.

Plant height (cm)

The main effects of the year (Y), sowing dates (SD),
and harvest stages (HS) on plant height were discovered at
the 1% level of significance in the research (Table 3). The
tallest plant (69 cm) measured in 2019. According to SD,
the plants seeded on April 15 produced the highest plants
(74 cm), while those sown on June 1 produced the lowest
plants (53 cm) (Table 5). It has also been reported by many
researchers that plant length is shortened due to the delay
in SD in quinoa (Iliadis et al., 1999; Fernando et al., 2012;
Hirich et al., 2014; Ramesh, 2016; Temel and Yolcu 2020;
Oktem et al., 2021). In late sowing, quinoa is exposed to
increased temperature and light intensity, and in this case,
plants can reach harvest maturity without adequate
vegetative development (Temel and Yolcu, 2020). The
seed-setting stages produced the tallest plants (87 cm),
while the beginning of the flowering stage, when the effects
of the HS were assessed, produced the shortest plants (42

cm) (Table 5). Yolcu (2018) stated that plant height
increased significantly with delayed harvest, and this was
due to plants having a longer growing period in late
harvests. Yilmaz et al. (2021) stated that the highest plant
height in quinoa was obtained from the dough stage and
that the plant height increased by approximately 11% in the
dough stage compared to the flowering stage. The effects
of Y x SD, Y x HS and SD x HS interactions on plant height
showed statistically important differences (Table 3). The
highest plant heights (80 cm and 76 cm) in terms of Y x SD
interaction were determined in the sowings made on 15
April 2018 and 1 May 2019. After the first ST in 2018, plant
height decreased significantly in sowings made on 1 May
and 15 May, but the opposite situation occurred in 2019.
The interaction of Y x SD becomes crucial as a result of
this situation (Figure 1). According to Temel and Yolcu
(2020), the annual temperature, precipitation amount, and
distribution are the primary factors influencing the change
in plant heights in quinoa. In terms of Y x HS interaction,
the highest plant heights (89 cm and 85 cm) were obtained
from the harvests made during the seed setting stage in both
years (Figure 1). When the interaction of SD x HS is
examined; the highest plant height was determined as 108
cm in the seed setting stage and sown on 15 April, while
the lowest plant height was 34 cm in the plants seeded on 1
June and cut begining of flowering (Figure 1).
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Figure 1. Effects of Y x SD, Y x HS and SD x HS on plant height.
For P 0.05, the LSD test indicates that values with the same letters are not significant.
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Dry matter yield (kg ha™)

At the 1% probability level, the effects of Y, SD, and
HS on dry matter yield and binary interactions were
statistically significant (Table 3). The maximum dry matter
yield (2719 kg ha') was obtained in 2019. According to
SD, the maximum dry matter yield (2798 kg ha') and the
lowest dry matter yield (2050 kg ha!) were obtained from
the 1 May and 1 June sowing, respectively (Table 5).
Jacobsen and Stolen (1996) stated that low temperatures at
SD affected germination negatively and reduced yield and
yield characteristics. Yolcu (2018) stated that SD affect the
dry matter yield of quinoa significantly, that the plants have
the opportunity to develop their vegetative development in
longer day conditions in the early sowings compared to the
late sowings, and thus the yield is significantly reduced in
late sowings. Furthermore, according to Bertero et al.
(2000), the quinoa plant produces less leaves when the
temperature is high and the day is short. The beginning of
the flowering stage produced the least dry matter yield
(1015 kg ha'') whereas the seed setting stage produced the
greatest dry matter yield (4001 kg ha™') (Table 5). Many
researchers have also stated that harvest stages affect dry
matter yield in quinoa (Uke et al., 2017; Yolcu, 2020;
Yilmaz et al., 2021). In addition, Van Schooten and
Pinxterhuis (2003) stated that the dry matter ratio of the

quinoa plant shows a significant change depending on the
development periods. In terms of Y x SD interaction, the
highest dry matter yields (3409 kg ha! and 3263 kg ha™)
were obtained from sowing on 1 May 2019 and 15 May
2019. While the dry matter yields were 2187 kg ha! and
1866 kg ha! in sowings made on May 1 and May 15 in
2018, the dry matter yield increased by 56% and 75%,
respectively, on the same dates in 2019 (Figure 2). This
situation caused the interaction of Y x SD to be important.
Y x HS interaction was another important factor affecting
the dry matter yield, and the highest dry matter yields were
obtained from the harvests made during the seed setting
stage in both years, with 4037 kg ha™! and 3965 kg ha!,
respectively (Figure 2). The plants seeded on April 15 and
May 1 during the seed setting stage had the highest dry
matter yields (4555 kg ha'! and 4456 kg ha!) measured in
terms of SD x HS (Figure 2). According to Temel and
Yolcu (2020), the dry matter yield ranged between 5.3-22.3
t ha'! depending on the SD and HS, however Yilmaz et al.
(2021) claimed that it varied between 10.29-13.85 t ha’!
depending on the variety and sowing dates. Contrary to
these results, Uke (2016) reported that dry matter yield
varies between 2048-4319 kg ha™! depending on the harvest
periods. Dry matter yield of quinoa varies considerably
depending on the ecological conditions and the selected
variety.
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Figure 2. Effects of Y x SD, Y x HS and SD x HS on dry matter yield.
For P 0.05, the LSD test indicates that values with the same letters are not significant.
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Table 3. Variance analysis of PH, DMY, CP, CPY, ADF, NDF and RFV

Source of variation df PH DMY CpP CPY ADF NDF RFV
Year (Y) 1 ok ok ns ok ns ns ns
Sowing dates (SD) 3 ok ok ns ok ns ns ns
Y X SD 3 HoH ok * wk ns ns ns
Harvest stages (HS) 2 woH ok woH ok woH ok woH
Y x HS 2 ok Hk ok ns ok ns ns
Y X SD X HS 6 *oE * ns ns ns ns *

* Significant at p<0.05; ** Significant at p<0.01, ns: Non-significant
PH: Plant height, DMY: Dry matter yield, CP: Crude protein, CPY: Crude protein yield, ADF: Acid detergent fiber, NDF: No&tr

detergent fiber, RFV: Relative feed value

Crude protein (%)

Crude protein content was affected by HS, Y x SD, Y x
HS and SD x HS (Table 3). The highest crude protein
content (27.06%) was obtained from begining of flowering
stage, whereas the lowest content (18.53%) determined in
seed setting stage (Figure 3). Peterson and Murphy (2015)
stated that quinoa has an extremely high protein and low
fiber content when harvested close to the flowering stage.
While Yilmaz et al. (2021) reported that the maximum
crude protein content was obtained during the flowering
stage, Temel and Yolcu (2020) asserted that the crude
protein ratio varied by year and that the highest values were
from the harvest done at the end of the vegetative phase.
Regarding the Y x SD interaction, the plants sown on 1
June and 15 April in 2019 had the highest crude protein
contents (24.95 % and 24.86 %), whereas the plants sown
on 1 May in 2019 had the lowest crude protein contents
(20.52 %). With the delay of sowing in 2018, the crude
protein content initially increased and then showed a
decreasing and increasing trend. On the other hand, the
opposite situation occurred in 2019. This has caused the
interaction of Y x SD to be important (Figure 3). According
to Temel and Yolcu (2020), these variations in crude
protein concentration may result from different plant
heights as determined by Y and SD. Actually, the plant
height was longer in the sowing made on May 1 in 2019
compared to the others. In addition, the crude protein
content of the plant decreased significantly during this
period. This is a predictable outcome because taller plants
will have more stems that are cellulose and lignin-rich
(Temel and Yolcu, 2020). Y x HS is a strong interaction
that affects crude protein content as well. In both trial years,
the beginning of flowering produced the highest crude
protein contents (27.32 % and 26.81 %), while the harvest
in 2018 at the seed setting stage yielded the lowest value
(Figure 3). At a 5% level of significance, it was determined
that the SD x HS interaction for crude protein content was
statistically significant (Table 3). In the SD x HS
interaction, the plots that were seeded on April 15 and
harvested at the beginning of the flowering stage had the
greatest crude protein content. The plots that were seeded
on May 15 and harvested at the seed-setting stage yielded
the data with the lowest crude protein content (Figure 3).
While the changes in crude protein content were similar in
begining of flowering and full flowering stages compared
to ST, there was a significant decrease in crude protein
content in seed setting stage, especially on May 15 SD. Due
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to this situation, there has been a significant SD x HS
interaction.
Crude protein yield (kg ha )

Crude protein yield was affected by Y, SD, HS, Y x SD,
SD x HS (Table 3). The year 2019 recorded the greatest
crude protein yield (595 kg ha'). In terms of SD, plots
seeded on May 1 had the highest production (584 kg ha™),
whereas plots sowed on April 15 had the lowest (462 kg ha
1) (Table 5). The maximum crude protein yield among HS
was recorded during the seed setting stage with 746 kg ha
!, while the lowest yield among HS was found at the
beginning of flowering (Table 5). Temel and Yolcu (2020)
stated that the changes in crude protein yield changed
according to the years depending on the harvest stages, but
the crude protein yield increased in late harvests. At the 1%
level of significance, the Y x SD interaction was revealed
to be important for crude protein yield. The plants sown on
May 15, 2019, and May 1, 2019 had the highest yields of
crude protein, whereas the plants planted on June 1, 2018
and May 15, 2018, produced the lowest yields (Figure 4).
While crude protein yield increased by 55% on 1 May 2019
compared to 15 April of the same year, it rose by 0.2% in
2018, indicating the importance of the Y x SD interaction.
Low or high crude protein yields may have resulted from
variations in dry matter yields and crude protein levels as
determined by SD. Due to the fact that crude protein yield
is a result of dry matter yield values and crude protein
content. According to our findings, the maximum dry
matter yields were recorded in the 1 May and 15 May 2019
sowings. (Table 5). Thus, high crude protein yields may be
possible. According to Temel and Yolcu (2020), as the SD
was delayed, the crude protein yield dramatically dropped,
which is consistent with our findings. The plots that were
sown on April 15 and May 1 and harvested during the seed
setting stage had the highest crude protein yields (926 kg
ha'! and 904 kg ha'!) according to SD x HS interaction.
Plots planted on April 15 and picked at the start of
flowering yielded the least crude protein yield (97 kg ha!)
(Figure 4). The changes in crude protein yield in begining
of flowering and full flowering stages were low and similar
depending on the SD. However, this change was very high
in the seed setting stage, especially in the 15 April and 1
May sowings. This situation has caused the binary
interaction to become important. Plants that were sown on
March 25 and collected during the full flowering stage
provided the most crude protein, according to Temel and
Yolcu (2020).
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Figure 4. Effects of Y x SD and SD x HS on crude protein yield.
For P 0.05, the LSD test indicates that values with the same letters are not significant.

ADF (%)

In terms of ADF content, the effect of HS was statically
important (Table 3). The seed setting stage had the greatest
ADF content (23.73%), whereas the beginning of flowering
stage had the minimum (Figure 5). Peiretti et al. (2013) and
Uke (2016) stated similar results, but Yilmaz et al. (2021)
observed that the highest ADF contents (27.02%) was
obtained from flowering stage. The ADF content of several
quinoa genotypes varied from 17.5 to 26.8% in anthesis and
from 21.8 to 30.6% in grain filling stages, according to
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Shah et al. (2020). Another significant interaction for ADF
content is Y x HS. The maximum ADF content (25.83%)
was obtained at the seed setting stage in 2018, while the
lowest amounts were found at the beginning of flowering
in 2019 and beginning of flowering in 2018. While ADF
content rose by 53.02% at the seed setting stage compared
to the full flowering stage of the same year, it fell by
11.84% in 2019 and this led to the relevance of the Y x HS
interaction (Figure 5). Ata 1% level of significance, the SD
x HS interaction was determined to be statistically
significant for ADF content (Table 3). Plots planted on




April 15 and collected at the seed-setting stage had the
greatest ADF content (25.81%), while plots planted on
April 15 and harvested at the beginning of flowering had
the lowest ADF content. The ADF content of the plants in
the sowings made on May 1 increased by 75.51% in the
begining of flowering stage compared to the sowings on

April 15, while they decreased by 20.72% and 3.33% in the
full flowering and seed setting stages, respectively (Figure
5). Contrary to the results we obtained in the research,
Temel and Yolcu (2020) stated that the interaction of SD x
HS in quinoa did not affect the ADF content.
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Figure 5. Effects of Y x HS
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For P 0.05, the LSD test indicates that values with the same letters are not significant.

NDF (%)

The effect of HS was statistically significant in term of
NDF content (Table 3). The maximum NDF concentration
(40.73%) was found in the HS during the seed setting stage,
whereas the lowest ADF content (28.96%) was found at the
beginning of flowering (Figure 6). These results coincided
with the findings of Uke (2016). On the other hand, Temel
and Yolcu (2020) and Yilmaz et al. (2021) claimed that
harvest stages had no effect on quiona NDF levels. Ata 1%
level of significance, the SD x HS interaction was revealed
to be statistically important for NDF content (Table 3).
Plots planted on April 15 and cut at the seed setting stage

had the lowest NDF content (22.22%), whereas those
planted on April 15 and harvested at the seed setting stage,
and planted on June 1 and cut at the seed setting stage,
respectively had the highest NDF levels (42.71% and
40.82%) (Figure 6). The NDF content of the plants in the
sowings made on May 1 increased by 4.71% in the begining
of flowering stage compared to the sowings on April 15,
while they decreased by 4.89% and 1.12% in the full
flowering and seed setting stages, respectively. Contrary to
our research results Temel and Yolcu (2020) stated that the
maximum NDF content was taken in the plots seeded in
March 15 and cut in the full flowering stage.
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RFV

The effect of HS was statistically significant in term of
RFV (Table 3). The greatest RFV among the HS was
acquired from begining of flowering with 263.22, whereas
the least RFV (163.27) was determined in seed setting stage
(Figure 6). Contrary to our research results Temel and
Yolcu (2020) and Yilmaz et al. (2021) stated that the RFV
of quiona was not affected by HS. At a 1% level of
significance, the SD x HS interaction was revealed to be
statistically significant for RFV content (Table 3). Plots
seeded on April 15 and cut at the beginning of flowering
stage had the highest RFV (344.84), whereas the plots
planted on April 15 and cut at the seed setting stage had the
lowest RFV (150.10) (Figure 6). The RFV in the sowings
made on May 1 dreased by 32.22 % in the begining of
flowering stage compared to the sowings on April 15, while
they decreased by 10.66 % and 2.54 % in the full flowering
and seed setting stages, respectively. Contrary to our
research results Temel and Yolcu (2020) stated that the
RFV of quiona was not affected by SD x HS interaction.

Some macro and micro element contents

The effect of Y was statistically significant in term of P,
Ca, Fe, Cu and Zn contents of plant (Table 4). The highest
P, Cu and Zn contents were taken in 2018 and the highest
Ca and Fe contents were taken second year (Table 6). At
the 1% probability level, the impact of SD on the K, Fe, and
Zn levels was statistically significant (Table 4). The highest
K (75.04 g kg!) and Fe (191.55 ppm) was obtained in the
plants sown on April 15 and the highest Zn content (32.74
ppm) was taken in the plants sown on June 1 (Table 6). The
effect of HS was statistically significant in term of P, K, Fe,
Cu and Zn content (Table 4). The highest values were
obtained from early harvests and the amount of these
elements decreased depending on the maturation of the
plants (Table 6). At a 1% level of significance, it was
determined that the Y x SD interaction was significant for
P content. The highest P content (4.05 g kg™!) was founded

in the plants sown on April 15, 2019 (Figure 7). According
to SD x HS interaction, the highest Fe content was taken
from the plants which were planted in April 15 and cut
during the begining of flowering stage (Figure 8). Ata 1%
level of significance, the SD x HS interaction was
determined to be statistically significant for the Cu content
(Table 4). In the SD x HS interaction, the plants that were
sown on June 1 and harvested at the begining of flowering
had the highest Cu content (Figure 8). Another significant
interaction for P, K, Ca, Na, Fe and Cu contents is Y x HS
(Table 4). The highest P (4.62 and 4.11 g kg'!), K (82.44
and 82.66 gkg') and Na (3.7 and 3.73 g kg'!) contents were
taken at the begining of flowering stage in 2018 and 2019.
The highest Ca contents (21.95 and 20.85 g kg™!) were taken
at the full flowering and seed setting stage in 2019. The
highest Fe content (199.97 ppm) was taken at the begining
of flowering stage in 2019. The highest Cu content (7.69
ppm) was taken at the full flowering stage in 2018 ((Figure
9 and Figure 10).

5
a ab ab ab
4 e
o &
23 bd od f e
)
(=@
1
0
15 April 1 May 15 May 1 June
=0=2018 2019

Figure 7. Effects of Y x SD on P content.
For P 0.05, the LSD test indicates that values with the same
letters are not significant.
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Figure 8. Effects of SD x HS on Fe and Cu contents.
For P 0.05, the LSD test indicates that values with the same letters are not significant.
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For P 0.05, the LSD test indicates that values with the same letters are not significant.
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Figure 10. Effects of Y x HS on Na, Fe and Cu contents.
For P 0.05, the LSD test indicates that values with the same letters are not significant.
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Table 4. Variance analysis of some macro and micro elements

Source of variation df P K Ca Na Fe Cu Zn
Year (Y) 1 * ns *x ns * wE *x
Sowing dates (SD) 3 ns o ns ns Hx ns *x
Y X SD 3 *x ns ns ns ns ns ns
Harvest stages (HS) 2 *x *E ns *k *ok *k *ok
Y X HS 2 * * * kk * kk ns
SD X HS 6 ns ns ns ns *x *ok ns
Y X SD X HS 6 ns ns H* *k * ns ns

* Significant at p<0.05; ** Significant at p<0.01, ns: Non-significant

Table 5. Plant height, dry matter yield, crude protein, crude protein yield, ADF, NDF and RFV of quinoa as affected by SD and HS as

means of two years

Plgnt Dry matter Crudf.a Crudg protein ADF NDF
height yield Protein yield (%) (%) RFV
SD (cm) (kg ha'!) (%) (kg ha'!) ° °
15 April 74 a 2186 ¢ 23.69 462 c 18.88  33.31 230.46
1 May 64 b 2798 a 22.09 584 a 19.44 3545 201.68
15 May 60 b 2565Db 21.77 504 b 17.62  34.36 204.94
1 June 53¢ 2050 ¢ 23.13 438 ¢ 16.57 35.25 206.57
HS
Beginning of flowering 42 ¢ 1015 ¢ 27.06 269 ¢ 12.54 2896¢c 263.22a
Full flowering 60 b 2183 b 22.41 476 b 18.11 34.09b 206.26b
Seed setting 87 a 4001 a 18.53 746 a 23.73 40.73a 163.27c
Y
2018 57b 2080 b 22.15 399b 18.47 3542 206.75
2019 69 a 2719 a 23.19 595 a 17.79  33.77 215.08
Means followed by the same letters are not different for P < 0.05 according to LSD test.
Table 6. P, K, Ca, Na, Fe, Cu and Zn contents of quinoa as affected by SD and HS as means of two years
P K Ca Na Fe Cu Zn
SD (gkg" (gkg") (gkg" (gkg") (ppm) (ppm)  (ppm)
15 April 3.77 75.04 a 17.70 3.46 191.55a 5.85 30.23b
1 May 3.64 72.05 ab 18.13 3.40 115.58 b 5.77 28.82b
15 May 3.53 68.54 ¢ 17.73 3.40 114.67b 5.54 28.07b
1 June 3.80 70.49 be 18.89 3.36 122.03 b 6.15 3274 a
HS
Beginning of flowering 436 a 82.55a 17.69 3.75 185.12a 6.27a 34.16 a
Full flowering 3.86b 72.18b 18.74 3.44 121.61b 596 a 30.84 b
Seed setting 2.83 ¢ 59.86 ¢ 17.92 3.03 101.13 ¢ 526b 24.90 ¢
Y
2018 385a 71.74 15.54 b 3.37 127.30 b 7.29 a 33.54a
2019 3.51b 71.33 20.69 a 3.44 144.61 a 4.36b 26.39b
Means followed by the same letters are not different for P < 0.05 according to LSD test.
CONCLUSION ACKNOWLEDGEMENTS

The two-year average results showed that sowing dates
and harvest stage had a substantial impact on quinoa forage
yield and quality. In the experiment, the highest hay yield
(2797.95 kg ha') and crude protein yield (584.40 kg ha')
were obtained from sowing on 1 May. In terms of harvest
stages, the seed setting stage stood out due to high forage
and crude protein yield. As a result, for forage production
in the region, sowing should be done in the beginning of
May, and harvesting should be delayed until later in the
season. In addition, it would be useful to conduct additional
studies on the digestion rate of the material obtained during
this harvest stage. Due to its resistance to salty conditions,
this plant can be given priority in conditions where other
forage plants (vetch, maize etc.) cannot be grown.
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