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1. Introduction
Quinoa (Chenopodium quinoa Willd.), which is also 
known as pseudo-grain, is an annual plant that has 
been cultivated for thousands of years in the Andes 
(Cusack, 1984). The seeds of quinoa are rich in protein, 
minerals, carbohydrates, and antioxidant compounds 
when compared to cereals, such as corn, oats, rice, and 
wheat (Repo-Carrasco et al., 2011; Stikic et al., 2012; 
Ruiz et al., 2014), and they are usually utilized as human 
food (Bhargava et al., 2007). Therefore, quinoa has been 
evaluated in terms of its seed performance in most of the 
previouslyconducted scientific studies (Geren et al., 2014; 
Katsunori et al., 2016; Kır and Temel, 2016; 2017; Tan 
and Temel, 2017a; Tan and Temel, 2018; Casini, 2019). 
However, the nutritional value of quinoa hay is quite high 
(Bhargava et al., 2006; Peterson and Murphy, 2015; Tan 
and Temel, 2017b), and the aboveground parts (whole 
plant) are also preferred as animal feed (Galwey, 1989). 
Its leaves can be fed to sheep, goats, and cattle or used for 
silage (Peterson and Murphy, 2015). Hence, it was shown 
in research conducted in Denmark that quinoa, which has 

a high yield and protein content, can indeed be a valuable 
forage crop for dairy farms through ensilation (Darwinkel 
and Stølen, 1997). 

In order to achieve high performance in animal 
production, the quantity and quality of feed provided 
to animals should be appropriate. This can be achieved 
by appropriate cultivation techniques that are suitable 
for local environmental conditions. As a matter of fact, 
environmental factors, plant characteristics, and cultural 
practices are important factors that affect the yield and 
feeding value of plants grown as forage sources (Önal Aşcı 
and Acar, 2018). When evaluated in terms of environmental 
conditions, quinoa, unlike many cultivated plants, is able 
to adapt well to extreme climatic and soil conditions 
without losing much yield and quality (Bhargava et al., 
2006; Fuentes and Bhargava, 2011; Fuentes et al., 2012; 
Abtahi Adolf et al., 2013; Ruiz et al., 2014). However, in 
order to obtain high yield and quality performance from 
quinoa, it is important to have complete knowledge of 
cultural practices such as the sowing time,according to the 
regions, as soon as possible. This is because the sowing time 
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is one of the main factors that plays an important role in 
the development of production technologies and increases 
productivity in quinoa (Rauf et al., 2010; Sajjad et al., 2014; 
Shoman, 2018). As a matter of fact, in studies conducted 
under different climatic conditions, it has been shown that 
sowing times have an important effect on the yield and 
quality characteristics of quinoa (Ujiie et al., 2007; Hirich 
et al., 2014; Awadalla and Morsy, 2017). However, such 
studies in Turkey on the extension and increase of quinoa 
production, which has rather recently been understood by 
the Turkish public, are almost nonexistent.

Plant characteristics (species, varieties, developmental 
periods, plant organs, and regrowth) should be well known 
in order to improve the yield and quality characteristics of 
plants grown as forage sources in animal nutrition. Among 
these factors, the morphological (vegetative) parts of the 
plants, depending on the sowing and harvesting times, 
have a great effect, since there is generally an increase in 
herbage yield and a decrease in nutritional value as the 
stem/leaf ratio of the plants increases (Önal Aşcı and Acar, 
2018). Hence, it has been shown in few studies conducted 
on cultivated forage species that the stems have more 
crude fiber content than the leaves, and they have at least 
2–3 times less protein content and digestibility. It was also 
stated that the stems of plants grown as feed sources have 
a much higher lignin content than the leaves (Gülümser 
and Acar, 2012; Keleş, 2014; Önal Aşcı and Acar, 2018). 
However, there have been no studies on how extensively 
the leaves, stems, and panicles of quinoa contribute to the 
feed yield and nutrient content.

In this study, the effect of different sowing times and 
plant parts on the yield and nutritional content of quinoa 
were aimed to be revealed together. For this purpose, the 
leaves, stems, and panicles of quinoa sown at 4 different 
periods were tested by harvesting when the plants reached 
the fruiting stage.

2. Materials and methods
This study was conducted under irrigated conditions in 
Iğdır Province, located in northeastern Turkey, between 
2017 and 2018. When some meteorological data of the 
research area were examined, the total rainfall amounts 
of the growing seasons of 2017 and 2018 were measured 
as 100.0 and 141.7 mm, relative humidity as 47.9% 
and 52.8%, and average temperatures as 18.2 and 19.5 
°C, respectively. According to the long-term average, 
the average temperature, relative humidity, and total 
precipitation were measured as 18.4 °C, 48.6%, and 166.4 
mm, respectively (Table 1) (MGM, 2019). According 
to these data, the experiment was conducted under 
relatively more arid conditions, since lower precipitation 
was observed according to the long-term averages in the 
cultivation period within which the research conducted. 

Adequate amounts of soil samples (0–30 cm) were taken 
in both research years and according to the results of 
the analyses, it was found that soils were nonsaline and 
slightly alkaline, with mild lime contents, low available 
phosphorus levels, and high potassium contents. However, 
the experiment site in 2017 had a clay-loam soil structure 
with a good organic matter content, while the 2018 
research site was classified as clay soil with medium-level 
organic matter contents (Table 2) (Kacar, 2012).

In the adaptation study conducted with 14 varieties 
over 2 years, Mint Vanilla cultivar of quinoa (Chenopodium 
quinoa Willd.) with the highest hay yield was used as 
plant material (Tan and Temel, 2017b). In this study, 4 
different sowing times at 10-day intervals were tested. 
Accordingly, in 2017, the 1st (SD1), 2nd (SD2), 3rd (SD3), 
and 4th (SD4) sowings were conducted on March 15th 
and 25th, and April 5th and 15th, respectively. In 2018, 
SD1 was conducted on March 16th, SD2 on March 27th, 
SD3 on April 7th, and SD4 on April 19th. In order to reveal 
the effect of the morphological parts (leaves, stems, and 
panicles) on the quantity and quality of the hay, the plants 
were harvested when they reached the fruiting stage. This 
stage of sampling is the time when all of the panicles in 
the plant have completed flowering and formed fruits. The 
reason why this stage is preferred is that the yields still 
increase linearly in the harvests in full flowering stages 
(Yolcu, 2018). 

The research was designed according to a randomized 
complete block design with 3 replicates. The hole sowing 
method was used for sowing. Seeds were sown into the 
plots, at 7.35 m2 (3 m × 2.45 m), into furrows opened by 
a marker into mellowed soil at a sowing depth of 1.5–2.0 
cm with 35-cm row spacing and 15-cm intrarow spacing 
(plant-to-plant distance). The soil was fertilized with 75 kg 
of pure N (21% ammonium sulphate) and 80 kg of pure 
P2O5 (39%–41% triple super phosphate) per hectare during 
the preparation of the seedbeds. Moreover, an additional 
5 kg of pure N per hectare was also applied when plant 
heights reached 30–40 cm (Geren, 2015). Soil humidity was 
measured using a soil water potential device and the plants 
were irrigated when 50% of the field capacity was depleted. 
A sufficient amount of water was given to the plants by 
drip irrigation until the field regained capacity. Weeds 
formed between the plots and blocks were controlled by 
pulling and hoeing, and this process was repeated 3 times 
during the growth of the plants. In addition, insecticide 
was applied to insects seen at the 2–4 leaf stage. 

In both years, since sowing was conducted on 
different dates, the harvests took place on different dates. 
Accordingly, plots sown on SD1, SD2, SD3, and SD4 were 
harvested on June 19th, 21st, 24th, and 26th of 2017 
and on June 25th, 28th, and 30th and July 2nd of 2018, 
respectively. When all of the plants reached the milking 
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stage, the parts remaining in the harvest area (3.5 m2) 
were cut, and then their fresh weights were weighed by 
separating them from the leaves, stems, and panicles. The 
plant parts whose fresh weights were determined were first 
dried in the open air, and then dried in an oven at 70 °C 
until a constant weight was obtained and the dry matter 
yields (DMYs) were determined. Next, the leaf, stem and 
panicle ratios were determined by proportioning the 
weights of the plant parts to total plant weight. In addition, 
the plant height (cm), stem thickness (mm), and number 
of branches was determined by selecting 10 random plants 
from the harvest area before the harvest. The N content 
of the samples, which were dried and ground (to 1 mm in 
diameter) separately, were determined using the method 
of Kjeldahl and the resulting N% was multiplied by the 
coefficient of 6.25 to calculate the crude protein ratios 
(CPRs) (AOAC, 1997). Next, the CPRs were multiplied by 
the DMYs to determine the crude protein yields(CPYs). 
Neutral detergent fiber (NDF), acid detergent fiber (ADF), 
and acid detergent lignin (ADL) contents were determined 
according to the method developed by Van Soest et al. 
(1991). Dry matter digestibility (DMD) of the feed samples 
was determined by the method suggested by Sheaffer et al. 
(1995), as DMD% = ((88.9 – (0.779 × ADF%)), and the 
digestible energy (DE) was calculated with the formula 
developed by Fonnesbeck et al. (1984) (DE Mcal/kg = 
0.27 + 0.0428 ×DMD%). The metabolic energy (ME) 
content was based on the equation (ME Mcal/kg = 0.821 
× DE) formulated by Khalil et al. (1986), while the relative 

feed value (RFV) was calculated by the equation (RFV = 
(DMD×DMI) / 1.29) developed by Sheaffer et al. (1995). 
In order to determine the dry matter intake (DMI) in this 
formula, the equation DMI% = 120 / NDF% was used. 

The obtained data were analyzed using the JMP 5.1 
statistical package program (SAS Institute, Cary, NC, USA). 
Plant heights, stem thicknesses, number of branches, leaf, 
stem, and panicle ratios of the quinoa were determined 
according to the randomized complete block design, while 
variance analyses of the parameters examined for the 
years, sowing times, and plant parts were performed in a 
factorial arrangement of a completely randomized block 
design repeated in each year. The LSD(0.05) test was used to 
compare the averages of the results.

3. Results and discussion
In this study, conducted over2 years, the plant heights, 
stems thicknesses, number of branches, and panicle ratios 
of quinoa showed differences in terms of the sowing times. 
The highest plant height and number of branches were 
determined in plants sown on SD1 and SD2, but the highest 
panicle ratio was determined in those sown on SD1 and 
the highest stem thickness was in those sown on SD1–SD3 
(Table 3). In other words, as the sowing time was delayed, 
significant decreases were observed in the examined 
parameters. This may have been due to the fact that the 
plants benefitted less from environmental conditions, 
such as water, light, and nutrients, in the later sowings 
when compared to the early sowings, and thus were less 

Table 1. Some climatic characteristics of the research area*.

Months
Temperature (°C) Precipitation (mm) Relative humidity (%)

LTA** 2017 2018 LTA 2017 2018 LTA 2017 2018

March 8.5 6.7 12.3 19.0 11.4 16.5 47.7 59.9 51.9
April 14.4 13.4 14.2 43.9 18.1 18.2 50.5 47.2 49.6
May 18.4 18.6 18.4 57.2 57.0 69.3 56.2 54.0 65.5
June 23.6 24.2 23.4 30.5 8.2 31.8 46.1 42.9 54.5
July 26.9 28.0 29.2 15.8 5.3 5.9 42.7 35.4 42.4
Total/mean 18.4 18.2 19.5 166.4 100.0 141.7 48.6 47.9 52.8

*MGM, 2019; ** Long-term average.

Table 2. Some chemical and physical properties of the study area soils.

Years Texture class Organic matter
(%)

CaCO3
(%)

EC
(dS/m) pH P2O5

(kg/da)
K2O
(kg/da)

2017 Clay-loam 1.80 8.87 1.92 7.90 3.50 383.9
2018 Clay-loam 2.00 9.00 1.80 7.95 1.53 356.2
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able to produce organic matter. Moreover, insufficient 
vegetative growth (plant height, stem thickness, number 
of branches) due to increasing air temperatures in the 
late sowing period may have been another reason of this 
finding. Because an increase in temperature accelerates 
ripening, the stem diameter decreases and shortens the 
plant height of plants1,2. Hence, it was reported in previous 
studies conducted with quinoa that significant decreases 
were observed in the plant height, stem thickness, number 
of branches, and panicle ratios with the progress of sowing 
time (Hirich et al., 2014; Sajjad et al., 2014; Ramesh, 2016; 
Yolcu, 2018). 

In the second part of the study, the effects of the 
year, sowing time, and plant parts on the feed yield and 
quality of quinoa were tested. As a result of the statistical 
analyses, no significant effects of the year and triple 
interactions were found on the yield and quality. However, 
since binary interactions were significant for all of the 
studied parameters, the main factors were not considered 
separately, and the presentation of data and discussion 
were made according to the sowing time × plant part 
interaction, which was significant.

The effect of the sowing time × plant part interaction 
on the fresh herbage yield (FHY) and DMYs of quinoa 
was significant, at 1%. The highest FHY (39,486 kg ha–1) 
and DMY(8376 kg ha–1) were obtained from the stems of 
plants sown on SD1, while the lowest values were obtained 
from the panicles of those that were sown on SD4 (12,625 
kg ha–1 and 2311 kg ha–1, respectively) (Figures 1a and 1b). 
These results showed that there were significant reductions 
in yields in all of the plant parts with the delay in sowing 
time. This may have been due to the increase in air 
temperatures and the limited time available for the plants 
to benefit from the environmental conditions, especially 
1 Buxton DR (1995). Growing quality forages under variable environmental conditions [online]. Website http://pss.uvm.edu/pdpforage/Materials/
ForageQuality/Growing_Quality_Forages_under_Variable_Environmental_Conditions_Buxton.pdf [accessed 20 December 2019].
2 Rankin M (1997). Temperature and moisture effects on forage quality [online]. Website https://fyi.extension.wisc.edu/forage/temperature-and-
moisture-effects-on-forage-quality/ [accessed 22 December 2019].

in the late sowings, because the FHYs and DMYs of plants 
vary according to environmental conditions and the 
length of the growing season (Tan and Temel, 2012; Önal 
Aşcı and Acar, 2018). It was stated by Bertero et al. (2000) 
that high temperatures and short-day conditions cause low 
leaf formation in quinoa plants. It was reported in another 
study that the highest leaf, stem, and panicle DMYs in 
quinoa were obtained from early sowings, while the lowest 
values were obtained from late sowings (Ramesh, 2016). 

This study also showed that the contribution of the 
stem to the FHYs and DMYs was higher than those of the 
leaves and panicles at all of the sowing times (Figures 1a 
and 1b), because the formation of structural carbohydrates, 
which are extracellular substances, are more common in 
stems than in other plant parts. However, it was reported 
by Ramesh (2016) that the leaves had higher DMYs than 
the panicles and stems, as seen in their plants from the 1st  
sowing (October 15), while when compared to the stems 
and leaves,the panicles of plants from their 2nd (November 
1) and 3rd (November 16) sowings had higher DMYs. In 
addition, it was revealed that the stems of plantsfrom their 
2nd and 3rd sowings had more dry matter than the leaves. 
These results were not similar to the current findings. It 
can be said that the variety used, degree of latitude at which 
the trial was conducted, and differences in the harvesting 
period may be the causes underlying the disagreement of 
the findings. In terms of the FHY, the stem and panicle 
yields were decreased by 10.92% and 0.30%, respectively, in 
plants sown on SD2  when compared with those sown SD1, 
while the leaf yield increased by 6.99% (Figure 1a). This 
resulted from the significance of the binary interaction. In 
terms of the DMY, while there was a continuous decrease 
in the stem and panicle yields, the fact that the leaf yield 
values were in the same statistical group as those in plants 

Table 3. Some morphological characteristics of quinoa according to the sowing time and years.

Plant 
height (cm)

Stem diameter 
(mm)

Branch number 
(number/plant)

Leaf  rate
(%)

Stem rate
(%)

Panicle rate
(%)

Mean year 
2017 149.8 14.3 22.7 32.0 43.5 25.0
2018 153.6 14.0 23.1 31.7 43.3 24.9

Mean sowing 
time

SD1 164.6 a 14.9 a 24.0 a 29.1 44.3 26.6 a
SD2 161.8 a 14.4 a 24.1 a 32.4 44.0 23.6 b
SD3 150.7 b 14.2 a 22.9 b 30.9 43.4 25.7 ab
SD4 129.6 c 12.2 b 20.5 c 35.1 41.9 24.0 b

LSD(0.05) SD: 6.02** SD: 0.92** SD: 0.80** ns ns SD: 1.5*

**P < 0.01; *P < 0.05; ns: Nonsignificant. Values represented by the same letters were not different. SD: Sowing date.

http://pss.uvm.edu/pdpforage/Materials/ForageQuality/Growing_Quality_Forages_under_Variable_Environmental_Conditions_Buxton.pdf
http://pss.uvm.edu/pdpforage/Materials/ForageQuality/Growing_Quality_Forages_under_Variable_Environmental_Conditions_Buxton.pdf
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sown on SD1 and SD2, and then showed a decline, may have 
caused the binary interaction to be significant (Figure 1b). 

In terms of the crude protein content and yield, the 
sowing time × plant part interaction showed significant 
differences (P ≤ 0.01). According to this, the highest crude 
protein content was measured in the panicles (22.63%) 
and leaves (22.50%) of plants sown in the late period, 
but the lowest value (6.98%–8.02%) was measured in 
the stems at all of the sowing times (Figure 2a). This may 
have been due to the reduced stem/leaf ratio as a result 
of the poor growth of the stems as the sowing time was 
delayed, as well as differences between the tissues in the 
leaves, stems, and clusters. In general, leaves have more 
photosynthetic tissue and thin-walled mesophyll cells, 
which are rich in intracellular substances, than the stem3 
(Buxton and Redfearn, 1997; Fales and Fritz, 2007). Hence, 
Buxton (1996) stated that quinoa leaves were richer in 
protein than their stems. Moreover, seeds, which are rich 
in nonstructural carbohydrates, are found in the panicles. 
As a matter of fact, it was reported that quinoa seeds have 
high protein content (16%–23%) (Shams, 2011). These 
properties may have caused the leaves and panicles to 
have higher crude protein contents than the stem. Again, 
in late sowing, due to the increasing air temperatures, the 
plants grew thinner and the stem thickness decreased, 
and they had lower fiber content due to the decreasing 
stem thickness (Buxton and Redfearn, 1997; Fales and 
Fritz, 2007). Since this would decrease the stem/leaf ratio, 
the amount of structural substances, such as cellulose 
and lignin, in the plant structure would consequently be 
reduced, and the ratio of nonstructural carbohydrates, 
such as protein, would be increased (Özyiğit and Bilgen, 
2006). In the studies conducted on forage plant species, 
it was also reported that the leaves had higher protein 
content than the stems (Fales and Fritz, 2007; Gülümser 
and Acar, 2012; Keleş, 2014).
3 Jung HG (2012). Forage Digestibility: The Intersection of Cell Wall Lignification and Plant Tissue Anatomy [online]. Website http://dairy.ifas.ufl.edu/ 
RNS/2012/12JungRNS2012.pdf [accessed 20 December 2019].

In terms of the CPY, the highest was measured in the 
leaves of plants sown on SD2, at 1144 kg ha–1, while the 
lowest (329 kg ha–1) was obtained in the stems of plants 
sown on SD4 (Figure 2b). This may have been due to the 
fact that the leaves of plants sown on SD2  had higher 
DMYs than the panicles (Figure 1b), and again the 
leaves had higher crude protein contents than the stem 
(Figure 2a). This may also have been caused by the fact 
that the stems had very low crude protein contents when 
compared to the other plant parts of those sown on SD4, 
because the CPY is a value obtained by multiplying the 
crude protein ratio and DMY. In fact, it was reported that 
CPYs were decreased significantly in parallel with low 
DMYs in late sowings (Temel and Tan, 2002). While the 
CPY increased by 0.44% in the leaves of plants sown on 
SD2, it decreased by 21.25% and 10.38% in the panicles 
and stems, respectively, and this may have resulted in the 
significance of the binary interaction. 

For all 3 parameters, the sowing time × plant part 
interaction showed a significant difference at 1%. Thus, 
the highest NDF (64.97%–64.05%) and ADF (45.63%–
44.90%) contents were obtained from the stems of plants 
sown on SD1 and SD2, while the highest ADL content was 
obtained from the stems of plants sown on SD2  (20.53%). 
The lowest ADF content (8.95%–9.82%) was obtained 
from the leaves at all of the sowing periods, while the 
lowest NDF (21.20%) and ADL (3.57%) contents were 
determined inthe leaves of plants sown on SD4 (Figures 
3a–3c). This variation was thought to be the result of 
different anatomical and physiological structures of the 
leaves, stems, and panicles. In addition, it may also have 
been due to the fact that the plants showed weaker stem 
development due to the shortening of the vegetation 
period in the late sowings when compared to the early 
sowings, and therefore had a lower stem/leaf ratio 
(Table 3). In general, each tissue that constitutes a plant 

Figure 1. Effects of the sowing date × plant part interaction on the fresh herbage yield (FHY) and dry matter yield (DMY). Plots 
represented by  different letters were significant at P ≤ 0.01. SD: Sowing date.
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part (cover, base, and transmission tissues) contains 
the cell types specialized for different functions (Taiz 
and Zeiger, 2002). For example, the cells in the stems 
are thicker-walled than the cells in leaves and panicles. 
Therefore, stems have a higher proportion of thick cell 
walls in comparison to those in the leaves and panicles 
(sclerenchyma and vascular tissues) (Grabber et al., 
1991). This causes the structural carbohydrates, such as 
cellulose, hemicellulose, and lignin, that form the cell 
4 Jung HG (2012). Forage Digestibility: The Intersection of Cell Wall Lignification and Plant Tissue Anatomy [online]. Website http://dairy.ifas.ufl.edu/ 
RNS/2012/12JungRNS2012.pdf [accessed 20 December 2019].

wall components (Moore and Jung, 2001) to be found 
in the stems athigher amounts (Collins and Fritz, 2003; 
Önal Aşcı and Acar, 2018). In addition, the leaves have 
mesophyll, phloem, and photosynthetic tissue with more 
thin cell walls than the stem4. Therefore, the NDF, ADF, 
and ADL contents were lower in these tissues,which 
showed less ligninization (Buxton and Redfearn, 1997). 
Hence, it was reported in studies conducted in legume 
and grass forage species that the stem had higher ADF, 

Figure 2. Effects of the sowing date × plant part interaction on the crude protein ratio (CPR) and crude protein yield (CPY). Plots 
represented by  different letters were significant at P ≤ 0.01.

Figure 3. Effects of the sowing date × plant part interaction on the NDF, ADF, and ADL contents. Plots represented by different letters 
were significant at P ≤ 0.01.
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NDF, and ADL contents than the leaves (Fales and Fritz, 
2007; Gülümser and Acar, 2012; Keleş, 2014). 

The effect of the sowing time × plant part interaction 
on the DMD, DE and ME contents of quinoa showed 
statistically significant differences (P ≤ 0.01). The highest 
DMD (81.25%–81.93%) and ME (3.08–3.10 Mcal kg–1) 
contents were found in the leaves in all 4 sowing periods, 
and the lowest values were obtained from the stems of 
plants sown on SD3 and SD4 (Figures 4a and 4b). The 
highest DE content was determined in the leaves of plants 
sown on SD3 (3.80 Mcal kg–1), while the lowest amount was 
found in the stems (2.57–2.62 Mcal kg–1) in all 4 sowing 
periods (Figure 4c). These differences may have been due 
to the fact that the plant parts had different ADF contents 
as a result ofthe sowing times (Figure 3b). Because the 
DMD is calculated from the ADF contents, the DE content 
from the DMD and ME contents from the SE, when  the 
ADF contents increase, the DMD of the feed decreases, 
and the DE and ME contents decrease in parallel, and vice 
versa5. In general, the digestibility and energy contents 
of intracellular substances (protein, fat, and soluble 
carbohydrates) are higher than those of cell wall substances 
(cellulose, hemicellulose, lignin, and pectin) (Collins and 
Fritz, 2003). Moreover, the amount of cell wall substances 
5 Kutlu HR (2008). Feed Evaluation and Analysis Methods (lecture notes) [online]. Website http://www.zootekni.org.tr/upload/File/sunular/tm.pdf  
[accessed 20 June  2017].

is higher in the stems than in the leaf, and intracellular 
substances are found more in the leaves than in the stems 
(Buxton and Redfearn, 1997). Therefore, the stems can be 
digested less and the leaves can be digested more. Hence, 
the mean DMD, DE, and ME contents of the leaves and 
panicles were higher than those of the stems by 50%–41%, 
45%–37%, and 45%–36%, respectively, in this study. It was 
also found in studies conducted on different species used 
as feed sources that the leaves had higher DMD, DE, and 
ME contents than the stems (Keleş, 2014; Dökülgen and 
Temel, 2015; Dökülgen and Temel, 2019). 

The sowing time × plant part interaction was significant 
for the RFV. The highest RFV was determined in the leaves 
(356.6–353.5) of plants sown on SD3 and SD4, and the 
lowest value was found in the stems (76.4–84.8) of plants 
sown at all 4 sowing periods (Figure 5). When compared 
to plants sown SD1, the RFVs of the stems and panicles 
remained constant, while the RFVs of the leaves increased 
by 18.49%, and this may have been the reason for the 
significance of the sowing time × plant part interaction. 
This may have been due to the higher NDF content of the 
leaves of the plants sown on SD1when compared to those 
sown onSD2–SD4 (Figure 3a), because the RFV is measured 
by calculating the NDF and ADF contents of the feed. If 

Figure 4. Effects of sowing date × plant part interaction on the DMD, DE, and ME contents. Plots represented by  different letters were 
significant at P ≤ 0.01.

http://www.zootekni.org.tr/upload/File/sunular/tm.pdf
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the RFV is below 75, the feed is considered as 5th quality, 
while a RFV score between 75 and 86 denotes 4th quality 
feed, 87 and 102 denotes 3rd quality, 103 and 124 denotes 
2nd quality, 125 and 150 denotes 1st quality, and a RFV 
score above 150 is considered the best quality (Rohweder 
et al., 1978). Therefore, low NDF and ADF contents are 
desirable in order to have higher RFVs. According to these 
criteria, although the NDF and ADF contents of the quinoa 
stems were high, their RFVs were of the 4th quality, while 

those of the panicles and leaves were of the best quality. 
It was also reported that leaves have higher RFVs when 
compared to other plant parts in different species used for 
animal nutrition (Dökülgen and Temel, 2015; Dökülgen 
and Temel, 2019)

As a result, in this study, wherein the effects of different 
sowing times and plant parts on the hay yield and quality of 
quinoa were tested together, the panicles and, particularly, 
the leaves had at least 3 times higher CPR, DMD, DE, 
ME, and RFV than that of the stems of plants sown at all 
4 periods, while they had at least 3 times lower NDF, ADF, 
and ADL contents. These results showed that the leaves 
and panicles contributed more to the nutritional content 
of quinoa hay than the stems. In terms of yield properties, 
it was observed that there were significant decreases in 
plant height, stem thickness, number of branches, panicle 
ratio, FHY, and DMY of plant parts (leaf, stem, and 
panicle) as the sowing time was delayed. Moreover, the 
stems, leaves, and panicles contributed more, respectively, 
to the amount of the hay obtained at all 4 sowing periods. 
According to these data, it was concluded that sowing 
should be performed without delay in quinoa cultivation 
and it would be appropriate to use quinoa varieties with 
high leaf and panicle ratios for the purpose of roughage 
production.

Figure 5. Effects of the sowing date × plant part interaction 
on the relative feed value (RFV). Plots represented by different 
letters were significant at P ≤ 0.01.
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