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ABSTRACT:

This study was conducted to determine the effects of different intra-row spacings (10 cm, 20
cm, 30 cm and 40 cm) and seed harvest periods (1% harvest period; 100% ripening, 2" harvest
period; 50% ripening) on seed yield and quality in Mountain spinach. The research was
established in 2023 according to factorial arrangement in randomized blocks in the dry
experimental field of Igdir University Agricultural Application and Research Center
Directorate. The effects of row spacing and harvest periods on the examined parameters
showed statistical differences. In terms of row distance, plant height was found to be important;
2.71-2.91 m, stem thickness was found to be 14.10-17.13 mm, seed yield was found to be 390-
1055 kg/da, stem yield was found to be 1311-2717 kg/da, biological yield was found to be
1701-3772 kg/da, harvest index was found to be 23.13-28.12%, ripening time was found to be
188.33-196.00 days and seed crude protein ratio was found to be 16.26-17.13%. In terms of
harvest periods, plant height was found to be 2.77-2.87 m, stem thickness was found to be
14.28-16.70 mm, seed yield was found to be 508-811 kg/da, stem yield was found to be 1757-
2044 kg/da, harvest index was found to be 19.07-31.41%, thousand-grain weight was found to
be 5.05-6.63 g, the ripening period was found to be 182.92-201.42 days, seed crude protein
ratio was found to be 16.51-16.99%, seed NDF ratio was found to be 33.07-37.51%, seed ADF
ratio was found to be 20.43-23.88% and stem ADF ratio was found to be 49.56-51.49%. As a
result of the research, it was revealed that the highest seed yield and quality values were
obtained from applications sown with narrow row spacing (except seed crude protein ratio) and
harvested at 50% maturity.
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INTRODUCTION

One of the important problems of animal husbandry in our country is the inability to provide
sufficient amounts of quality roughage production (Temel & Sahin, 2011; Tan, 2018; Okgu, 2020; Tan
& Yolcu, 2021). The reasons for this have been presented many times by expert researchers, but the
desired results have not been achieved. For this reason, in order to meet the need for quality roughage,
scientists and producers have focused on alternative species that can be used for feed purposes other
than known forage plant species, especially those that can grow in marginal areas and produce feed
material in the desired quantity and quality from a unit area, and they have reached important findings
(Acar & Giincan, 2002; Kara & Yiiksel, 2014; Oktay & Temel, 2015; Temel et al., 2015; Temel, 2018;
Demiroglu Topgu & Ozkan, 2019; Kusvuran et al., 2019; Temel, 2019; Tan & Temel, 2020; Temel &
Tan, 2020; Pirasteh-Anosheh et al., 2021; Pirasteh-Anosheh et al., 2023). One of these species is
Atriplex nitens (Mountain spinach), which is in the Atriplex genus of the Chenopodiaceae subfamily.

Mountain spinach is an annual herbaceous species with a therophyte life form. The plant grows
upright over 2 meters, with branching starting from the base. The flowers are unisexual and form
sparse clusters. While the plant develops and grows rapidly during the vegetative stage, it exhibits
slower growth during the generative stage (Acar & Giincan, 2002; Kurgan & Temel, 2024). The
vegetative and generative parts of the plant are consumed both as vegetables in human nutrition and as
a feed source in livestock. On the other hand, the plant has a high adaptability and can easily grow in
extreme climate and soil conditions (Acar et al., 2017; Doudova et al., 2017; Dursun & Acar, 2015;
Keskin and Temel, 2022; Temel & Keskin, 2022a; 2022b; Keskin et al., 2023). Indeed, studies have
shown that the plant can grow in high salinity and severe drought conditions (Kurgan & Temel, 2024).
While it varies according to the sowing and harvesting periods, it was determined that high amounts of
herbage (6837.0 -7382.9 kg/da green herbage and 2336.12568.8 kg/da dry herbage) and seed yields
(2597.3 kg/da) were obtained from the unit area without any fertilizer and irrigation application. It has
also been reported that the resulting herbage and seeds have a high nutritional content (Keskin &
Temel, 2022; Temel & Keskin, 2022a; 2022b; Temel et al., 2022a; 2022b; Keskin et al., 2023; Temel
et al., 2024a). Due to these features, demand for the plant has increased in recent years, and agronomic
studies on the plant have been intensified. A large part of these agronomic studies have focused on
determining herbage yield and quality parameters. While the effects of inter-row spacing and sowing
times (in irrigated and dry conditions) on seed yield and quality have been determined, studies on seed
production have been found to be insufficient.

Agronomic practices such as fertilization, irrigation, inter-row and intra-row distance, sowing
depth, cutting height, and sowing and harvesting periods are crucial for species cultivated as forage
sources. Within these cultural practices, knowledge of harvest time is essential to ensure high-quality
and high-quantity seed production. This is particularly crucial for forage species with inhomogeneous
generative maturation. Because seed losses can be high in species where budding, flowering and seed
formation periods are not synchronized. Indeed, studies on various species used as forage sources have
reported significant effects of harvest periods on seed yield and quality (Temel & Tan, 2002; Temel &
Tufur Oztiirk, 2020; Keskin & Onkiir, 2019). A similar situation also applies to Mountain spinach
plant. The flower cluster of Mountain spinach plant is a bunch and shows a bunch with many branches.
As a result, budding, flowering, and therefore seed formation and maturation on the same plant are not
synchronous. This causes losses in seed yield due to shedding during late harvests. Early harvests can
also lead to problems with seed viability and quality due to incomplete seed formation and maturation.
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However, there are no previous studies on determining harvest periods for seed production in
Mountain spinach plant. Another important cultural practice in seed production is the sowing norm
(inter-row and intra-row distance). Although plant densities vary according to the ecological,
physiological and morphological characteristics of plants, previous studies have shown that seed
production in many forage crop species should be sown at lower sowing norms or wider inter-row and
intra-row distance compared to herbage production (Tan, 2018). However, it has been determined that
seed yields are higher in narrow inter-row distances for Mountain spinach (Temel et al., 2024b).

For these reasons, the current study aimed to test how seed yield and yield components would
change in Mountain spinach plant sown at different intra-row distances. The aim was also to determine
the appropriate harvest period(s) for high seed production. For this purpose, plants were planted in four
different row spacings and harvested at two different seed maturation stages.

MATERIALS AND METHODS

The research was carried out in the experimental field of Igdir University Agricultural
Application and Research Center Directorate in 2023. Some climate values for the experimental region
for long-term and 2023 are presented in Table 1 (Anonymous, 2023). According to these data, total
precipitation, average temperature, and relative humidity were found to be higher than the long-term
averages in the experimental year. Following the parcellation process, soil samples (0-30 cm deep)
were taken from at least three different locations to represent the experimental area, and soil analyses
were conducted through outsourcing. According to the analysis results, it was determined that the soil
of the experimental field had a clayey-loamy (Saturation 69.00%), medium calcareous (5.62%), non-
saline (EC: 2.58 dS m™) and slightly alkaline (pH: 8.11) structure, medium available potassium
content (25.01 kg K,O/da), available phosphorus content (3.17 kg P,Os/da), and low organic matter
content (1.37%) (Ulgen & Yurtsever, 1995; Saragoglu et al., 2014).

Table 1. Some climate values of the experiment area for 2023 and long-term (1978-2022) averages

Months Mean Temperature (°C) Total Precipitation (mm) Mean Relative Humidity (%)
2023 LTA* 2023 LTA 2023 LTA
March 11.7 6.9 27.2 215 55.4 49.9
April 13.7 13.4 51.2 37.9 60.1 49
May 18.1 17.6 43.2 48.9 53.8 51.1
June 23 22.3 48.3 33.2 52.6 457
July 26.5 26.2 10.5 14.7 42.2 43.3
August 28.3 25.6 1.0 9.8 39.8 44.5
September 22 20.7 7.6 10.3 50.1 48.9
October 15.2 13.3 29.5 28.1 64.3 62.3
Mean/Total 19.8 18.3 218.5 204.4 52.3 49.3

* Long-Term Average

The experiment was established to according to Factorial Arrangement in Randomized Blocks
with three replications under rainfall conditions. Intra-row spacing (10 cm, 20 cm, 30 cm, and 40 cm)
and seed harvest times (100% maturation: when all the fruits on the whole plant turn yellow, and 50%
maturation: when the fruits on the clusters at the ends of the main stem and lateral branches turn
yellow) were used as factors. In the present study, each plot area was planned as 12.15 m? (3.6 m x
3.375 m). Additionally, 3 m space was left between blocks and 2 m between plots, resulting in a total
experimental area of 606.8 m? (41.0 m x 4.8 m). Seeds were sown in plots with 67.5 cm inter-row
spacing and in 5 rows (with 10 cm, 20 cm, 30 cm and 40 cm intra-row distance). When sown in 40 cm
intra-rows, there were 9 plants in each row, 12 plants when sown in 30 cm intra-rows, 18 plants when
sown in 20 cm intra-rows, and 36 plants when sown in 10 cm intra-rows. Sowing was done in the last
week of March (22.03.2023), when the soil was tempered and, when the highest yields were obtained
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in a previous study conducted in the Igdir region. Considering the results of previous fertilization and
soil analysis, only 15 kg of pure phosphorus (39-41% Triple Super Phosphate) fertilizer was used per
decare before sowing as fertilizer material (Temel & Sahin, 2022). Seeds were sown 3-4 cm deep
using the hole method. Weeds that emerged in the experimental area during and after the seedling
period were removed manually and by hoeing. When the plants reached 50% (between 20 September
and 1 October, depending on the intra-row distances) and 100% (between 10 October and 17 October,
depending on the intra-row distances) harvest periods, one row from the edges of the plot and 50 cm
sections from the tops were mowed and discarded as edge effect, and sampling was carried out in the
remaining area.

In each harvest period, the distance from the soil surface to the top of 10 plants selected at
random within the area left was measured with a ruler, and the average plant height was determined in
meters (m). The thickness of the main stem at 7.5-10.0 cm above the soil surface of 10 plants selected
for plant height was measured with a digital caliper, and the main stem thickness of the plants was
determined in mm. The average maturation time was determined by calculating the time elapsed
between the day the plants were sown and the day the seeds were harvested in both harvest periods.
The stems and clusters of the plants harvested from a 1 m® area were separated and dried first in the
open air for 4-5 days, and then in a drying oven set at 40 °C for 24 hours. The stems removed from the
oven were then weighed, and the stem yields and clusters were threshed, and seed yields were
determined in kg per decare. Then, the stem + seed yields of the plants were collected and the
biological yield per decare was calculated, and the harvest index (%) was calculated by proportioning
the seed yield to the biological yield. For thousand-grain weight, 4x100 seeds from each plot were
counted and weighed on a precision balance. The average of the obtained values was multiplied by 10
to calculate 1000-grain weight in grams. Using dried and ground (to pass through a 2 mm diameter
sieve) seed and stem samples, first the % nitrogen ratios of the seeds and stems were determined
according to the Micro Kjeldahl method, and then the % crude protein content was determined by
multiplying these ratios by a coefficient of 6.25 (AOAC, 1997). The NDF (neutral detergent fiber) and
ADF (acid detergent fiber) contents of the seeds and stems were determined using the ANKOM fiber
analyzer following the method recommended by Van Soest et al. (1991).

The results obtained in the study were subjected to variance analysis according to Factorial
Arrangement in Randomized Blocks in the JMP (5.0.1.) statistical package program and the grouping
of significant means was done according to the LSD (g ¢s) test.

RESULTS AND DISCUSSION

Evaluation of Seed Yield Characteristics in Terms of Intra-Row and Development Periods

According to the results of variance analysis, in terms of development stages, while stem
thickness, thousand grain weight, stem yield, seed yield, harvest index and ripening time were found to
be significant at P<0.01 and plant height at P<0.05 levels, stem thickness, stem yield, seed yield,
biological yield and ripening time were found to be significant at P<0.01 and plant height and harvest
index at P<0.05 levels in terms of intra-row distance. When evaluated in terms of harvest period x
intra-row interaction, only thousand grain weight (at P<0.01) and ripening time (at P<0.05) were found
to be statistically significant (Table 2).
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Table 2. F values of the examined seed yield traits according to intra-row spacings and development

stages

Sources of df Plant Stem Thousand Stem Seed Biological Harvest  Maturation
Variation Height Thickness  Grain Weight Yield Yield Yield Index Time
Replication 2 0.65 ns. 1.14 ns. 1.35ns. 0.84 ns. 0.08 ns. 0.74 ns. 0.28 ns. 1.17 ns.
HP 1 5.02* 97.67** 52.58** 9.78 ** 99.78** 0.03 ns. 116.33**  3593.625**
IR 3 3.34* 28.34** 2.40 ns. 45.56 ** 92.17** 87.44** 3.49* 115.31**
HP x IR 3 0.25ns. 2.80 ns. 5.30** 0.49 ns. 1.21 ns. 0.67 ns. 0.81 ns. 3.99*
Error 14 0.65 ns. 1.14 ns. 1.355 ns. 0.84 ns. 0.07 ns. 0.74 ns. 0.28 ns. 1.17 ns.
General 23 5.022* 97.670** 52.58** 9.78 ** 99.78** 0.03 ns. 116.33**  3593.62**

** and * are significant at P<0.01 and P<0.05, respectively, and ns is non-significant. df: Degrees of freedom, HP: Harvesting Period, IR: Intra-Row

Plant height (m), Stem thickness (mm) and Thousand grain weight (g)

When evaluated in terms of intra-row distance, it was determined that the highest plant height
and stem thickness were obtained from plants sown with 40 cm intra-row spacing (Table 3). These
results showed that plant height and stem thickness increased with increasing intra-row distance. This
may be due to the greater number of plants per unit area in plots sown with narrow intra-row spacing,
resulting in greater competition between plants and environmental conditions (light, humidity,
fertilizer, etc.). Indeed, in narrow rows, plants compete more intensely with environmental conditions,
and as a result, they tend to develop more thinly (Li et al., 2023). There is no previous study testing
different intra-row spacings on the height and stem thickness of Mountain spinach. However, it was
determined that plant height and stem thickness increased with increasing inter-row spacing in Atriplex
nitens grown for seed production without fertilizer and under rainfall conditions (Temel et al., 2024b).
It has been stated that plant height increases with increasing inter-row spacing in the quinoa plant,
which is also in the same family and grown for seeds (Spehar & da Silva Rocha, 2009; Geren et al.,
2015; Keskin & Onkiir, 2019).

Table 3. Average plant height, stem thickness and thousand grain weight of Mountain spinach
according to intra-row and development stages

Plant Height (m) Stem Thickness (mm) Thousand Grain Weight (g)

Intra-Row - - -
Distance Harvest Periods Mean Harvest Periods Mean Harvest Periods Mean

50% 100% 50% 100% 50% 100%
10 cm 2.66 2.77 2.71 b* 13.41 14.78 14.10 d** 5.79 5.26 5.53
20cm 2.71 2.88 2.80 ab 13.74 16.02 14.88 ¢ 6.16 5.09 5.63
30cm 2.82 2.87 2.85ab 14.48 17.23 15.86b 6.86 4.96 5.91
40 cm 2.87 2.95 291a 15.47 18.79 17.13a 7.70 4.86 6.28
Mean 2.77 b* 2.87a 14.28 b** 16.70 a 6.63 a** 5.04b
LSD Value HP: 0.10., IR: 0.14 HP: 0.53, IR: 0.75 HP: 0.47, IR: 0.66

** Means indicated with different letters in the same column and row are statistically different according to the LSD test at P<0.01, * Means indicated
with different letters in the same column and row are statistically different within the error limits of P<0.05. HP: Harvest period, IR: Intra-row

When Table 3 was evaluated, it was determined that the highest plant height and stem thickness
were obtained from plants harvested at 100% maturity. This may be due to the fact that plants at 100%
maturity have a longer vegetation period compared to 50% maturity and therefore benefit more from
environmental conditions. In the literature search, no study was found testing the seed harvest periods
of Mountain Spinach. However, it was determined that delaying the harvest periods in Mountain
Spinach harvested at different maturity periods for hay production increased plant height and stem
thickness (Keskin & Temel, 2022; Temel & Keskin, 2022a). It was also revealed that plant height
increased in late harvests of Common vetch (Vicia sativa L.) grown for seed production (Temel & Tan,
2002). When evaluated in terms of thousand grain weight, thousand grain weight (6.63 g) of seeds
obtained at 50% maturity period was determined to be higher than those at 100% maturity period. This
may be due to the fact that the seeds, especially the large ones, that matured at 100% harvest were
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shed, leaving smaller seeds on the plant. Indeed, Temel et al. (2024b) reported that seeds with fuller
and larger fruits (seeds) had higher thousand-seed weights.

When Figure 1 was examined, thousand-grain weight increases linearly with increasing intra-
row spacing at 50% maturity, while it initially decreases at 100% maturity, remaining constant at
subsequent intra-row spacings, as this decrease rate is not statistically significant. The difference in
thousand grain weight according to the changing intra-row and harvest periods may have caused the
harvest period X intra-row interaction to be significant.

8,00
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~]
n
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7.00 ab

6.50 be
6.00 cd
5.50

cd d
5.00 d
4,50

4,00

Thousand grain Weight (g)
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Figure 1. Effect of harvest period x intra-row interaction on thousand grain weight

Stem yield (kg/da), Seed yield (kg/da) and Biological yield (kg/da)

When Table 4 was evaluated, it was seen that as the intra-row distances decreased, the stem, seed
and biological yields obtained from unit area increased. The increase in stem and seed yields may have
been due to the higher number of plants per unit area in plots grown with narrow intra-row distance.
Furthermore, less seed shedding due to wind in plots grown with narrow intra-row distance may have
contributed to the higher seed yields. On the other hand, observations made under field conditions
showed that the upper parts (side branches) of the plant were more densely intertwined in plots grown
with narrow intra-row spacing compared to plots grown with wide intra-row spacing, and the physical
friction effect caused by the wind and therefore seed shedding was less. In fact, Osmond et al. (1980)
reported that wind-induced seed shedding occurs in most Atriplex species, and that this shedding is due
to the slightly papery bracteoles of the seeds. Furthermore, the higher stem and seed yields in plots
sown with narrow intra-row spacing may have contributed to the higher biological yield. Indeed,
biological yield is the sum of stem yield and seed yield. There is no previous study testing different
intra-row spacings on stem, seed, and biological yield components of Mountain Spinach plant.
However, in Mountain Spinach plant sown at different inter-row spacings (22.5 cm, 45.0 cm and 67.5
cm), they reported that the highest stem, seed and biological yields were obtained from the plants sown
at 22.5 cm inter-row spacing, where the highest number of plants per unit area was found (Temel et al.,
2024b). Similarly, they reported that the highest stem, seed, and biological yields were obtained from
plants sown with narrow inter-row spacings in quinoa, which is in the same family and exhibits similar
plant characteristics (Keskin & Onkiir, 2019). In addition, it has been reported that biological yields
increased with increasing planting density in amaranth plant (Yarnia et al., 2010).

When evaluated in terms of harvest periods, plants harvested at 100% maturity had higher stem
yield and lower seed yield compared to those at 50% maturity (Table 4). The increase in stem yield
may be due to the longer vegetation period of plants at 100% maturity compared to those at 50%
maturity, allowing them to benefit more from environmental conditions. This is because plants achieve
greater growth and dry matter accumulation with increased growth (Taiz & Zeiger, 2008). Indeed,
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Temel & Tan (2002) reported that stem yield increased with late harvests. The decrease in seed yield
may have been due to the shedding of most seeds formed on the plant during the late harvest period
due to wind gusts. In other words, since most seeds formed on the plant during the early harvest period
were not fully yellowed and mature, natural shedding (abscission) or shedding due to wind force
occurred to a lesser extent. It has been determined that delaying the harvest period causes seed
shedding in different species (Caballero et al., 1996; Temel & Tan, 2002).

Table 4. Average stem, seed and biological yields of Mountain spinach according to intra-row and
development stages

Stem Yield (kg/da) Seed Yield (kg/da) Biological Yield (kg/da)

Intra-Row - - -
Distance Harvest Periods Mean Harvest Periods Mean Harvest Periods Mean

50% 100% 50% 100% 50% 100%
10 cm 2488.9 2945.3 2717.1 a** 1210.6 898.4 1054.5 a** 3699.5 3843.8 3771.6 a**
20 cm 1907.8 2137.4 2022.6 b 873.7 507.5 690.6 b 2781.5 2644.9 2713.2b
30 cm 1471.2 1627.8 15495¢ 663.9 338.7 501.3¢ 2135.1 1966.5 2050.8 ¢
40 cm 1158.2 1463.9 1311.0¢c 4945 285.4 389.9d 1652.6 1749.3 1701.0d
Mean 1756.5b** 2043.6a 810.7a** 5075b 2567.2 2551.1
LSD Value HP: 197, IR: 278 HP:.65 IR: 92 HP: 209, IR: 295

** Means indicated with different letters in the same column and row are statistically different within the P<0.01 error limits according to the LSD test.
HP: Harvest period, IR: Intra-row

Harvest index (%) and maturation time (day)

The highest harvest index was obtained in plots sown with 10 cm intra-row spacing, and it was
observed that the harvest index decreased as the intra-row spacing increased (Table 5). This may be
due to the higher seed yield in plants sown at 10 cm intra-row spacing compared to other intra-row
spacings. In a related study conducted on quinoa, although the effect of intra-row spacing on the
harvest index was found to be statistically insignificant, it was found that the harvest index was higher
in plants sown with narrow intra-row spacing (Keskin & Onkiir, 2019). Tas (2010) also reported that
increasing intra-row spacing in Zea mays decreased the harvest index, and vice versa, increased it. On
the other hand, it was observed that the maturity period of the plants shortened as the intra-row spacing
decreased (Table 5). Accordingly, the shortest maturity period occurred at 10 cm intra-row spacing
(198.33 days), and the longest maturity period occurred at 40 cm intra-row spacing (204.67 days). This
may be due to the fact that plants sown at wider intra-row distances benefited more from
environmental conditions and reached maturity later. Indeed, Temel & Keskin (2022b) reported that
Mountain Spinach, which benefited more from environmental conditions, reached harvest maturity
later. In addition, in a study testing different inter-row spacings, it was revealed that maturation times
in Mountain Spinach plant increased with increasing inter-row spacing. (Temel et al., 2024b).

Table 5. Mean harvest index and maturation time of Mountain spinach according to intra-row and
development stages

Harvest Index (%0) Maturation Time (day)

Intra-Row - -
Distance Harvest Periods Mean Harvest Periods Mean

50% 100% 50% 100%
10cm 32.82 23.42 28.12 a* 178.3 198.3 188.3 d**
20cm 31.67 19.20 25.44 ab 181.3 200.3 190.8 ¢
30cm 31.24 17.30 24.27h 184.7 202.3 1935b
40 cm 29.91 16.34 23.13b 187.3 204.7 196.0a
Mean 31.41 a** 19.07b 182.9 b** 2014 a
LSD Value HP: 2.46, IR: 3.47 HP: 0.66, IR: 0.94

** Means indicated with different letters in the same column and row are statistically different according to the LSD test at P<0.01, *) Means indicated
with different letters in the same column are statistically different within the error limits of P<0.05. HP: Harvest period, IR: Intra-row

When evaluated in terms of harvest periods, it was determined that the harvest index was higher
at 50% maturity compared to 100% maturity (Table 5). This may be due to the higher ratio of seed
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yield to total biomass in plants harvested at 50% maturity. Because the harvest index is calculated by
dividing the seed yield by the biological (total) yield. As a matter of fact, previous studies conducted
with different species have shown that harvest indices were also high in applications where seed yield
was high within the total yield (Temel & Tufur Oztiirk, 2020; Temel & Keskin, 2022b; Keskin et al.,
2023). When Table 5 was examined, it was determined that the longest average maturation time was in
plants harvested at 100% maturity. This is an expected result. Because plants remain in the field longer
in late harvests compared to early harvests, they benefit more from environmental conditions, and as a
result, they can continue their growth and development for a longer period. As a matter of fact, Temel
& Keskin (2022b) reported that seed harvests and therefore maturation times were extended in
Mountain Spinach plant that remained in field conditions for a longer time.

When Figure 2 was examined, it was seen that the ripening time increased linearly in both
ripening periods as the intra-row distances increased. However, the increase in ripening time at 30 cm
intra-row spacing compared to 20 cm was slightly greater in the 50% ripening period (1.84%) than in
the 100% ripening period (1.00%). This may have caused the harvest period X intra-row interaction to
be significant.

210,0 50%
a
‘—\205,0 100% b
= c
= d
= 200.0
£
= 195.0
=
£ 1900 e
= f
=2 1850
S h s
= 180.0
175.0
10 20 30 40

Intra-Row Distance (cm)

Figure 2. Effect of harvest period X intra-row interaction on maturation time

Evaluation of seed and stem quality characteristics in terms of itra-row and development
periods

Seed and stem quality characteristics of Mountain Spinach grown at different intra-row spacings
and harvested at seed maturation were subjected to statistical analysis. According to the analysis
results, the effect of harvest period on seed NDF and ADF ratio was found to be significant at P<0.01
level, and on seed crude protein and stem ADF ratio at P<0.05 level. The effects of intra-row (except
seed crude protein ratio) and binary interactions on other examined parameters were found to be
insignificant (Table 6).

Table 6. F values of the examined seed and stem quality characteristics according to intra-row
spacings and development stages

Sources of df Plant Stem Thickness Thousand Stem Seed Biological
Variation Height Grain Weight Yield Yield Yield
Replication 2 0.261 ns. 2.007 ns. 1.430 ns. 0.554 ns. 0.435 ns. 0.378 ns.
HP 1 6.114* 33.250** 17.694** 2.697 ns. 3.908 ns. 7.444
IR 3 3.969* 1.471 ns. 1.292 ns. 1.234 ns. 0.588 ns. 1.327 ns.
HP x IR 3 0.303 ns. 0.356 ns. 0.048 ns. 0.227 ns. 0.021 ns. 0.088 ns.
Error 14

General 23

** and * are significant at P<0.01 and P<0.05, respectively, and ns is non-significant. df: Degrees of freedom, HP: Harvesting Period, IR: Intra-Row,
CPR: Crude protein ratio, NDF: Neutral detergent fiber, ADF: Acid detergent fiber
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Seed crude protein, NDF ve ADF contents (%)

When Table 7 was examined, it was determined that the highest seed crude protein values were
obtained from plants sown with 30 and 40 cm intra-row spacings, which are in the same statistical
group. This may be since plants sown with wider intra-row spacings produced bigger seeds (fruits).
Bigger seeds can have higher thousand-seed weights and therefore more nutritional structure (Yagdi,
2004). Indeed, in the current study, although thousand-seed weight was found to be statistically
insignificant in terms of row spacing, it was determined that thousand-seed weight increased as the
intra-row spacing increased. Furthermore, it was noted that seed crude protein content increased with
increasing inter-row spacing in Mountain Spinach plant sown with different row spacings, and the
highest seed crude protein content was obtained from plants sown with 67.5 cm inter-row spacing
(Temel et al., 2024a). When evaluated in terms of harvest periods, it was determined that the highest
seed crude protein content was obtained from plants harvested at 50%, and seed NDF and ADF
contents were obtained from plants harvested at 100% development (Table 7).

Table 7. Average seed crude protein, NDF and ADF contents of Mountain spinach according to intra-
row and development stages

Seed Crude Protein Ratio (%) Seed NDF Ratio (%) Seed ADF Ratio (%)

g}ts';::égw Harvest Periods Mean Harvest Periods Mean Harvest Periods Mean
50% 100% 50% 100% 50% 100%

10 cm 16.62 1591 16.26 b* 31.50 36.84 34.17 19.53 22.48 21.01

20 cm 16.92 16.29 16.61 ab 32.47 37.50 34.99 20.15 23.62 21.89

30 cm 17.14 16.88 17.01a 33.61 37.67 35.64 20.63 24.43 22.53

40 cm 17.30 16.95 17.13a 34.70 38.03 36.36 21.39 25.00 23.20

Mean 16.99 a* 16.51b 33.07 b** 3751a 20.43 b** 23.88a

LSD Value HP: 0.42, IR: 0.60 HP: 1.65, IR: 2.34 HP: 1.76, IR: 2.49

** Means indicated with different letters in the same row are statistically different according to the LSD test at P<0.01, *) Means indicated with different
letters in the same column and row are statistically different within the error limits of P<0.05. HP: Harvest period, IR: Intra-row, NDF: Neutral detergent
fiber, ADF: Acid detergent fiber

This may be due to the high prevalence of undersized seeds with lower nutritional tissue content
as a result of the shedding of big seeds (fruits) during the late harvest period. Because small seeds may
have lower nutritional value and higher pericarp content than bigger seeds (Yagdi, 2004). Indeed,
pericarps are richer in cell wall materials (Zhao et al., 2015; Han and Hendek Ertop, 2022). 1t may also
be due to the fact that the bracteoles (pericarps) surrounding the seeds in seeds harvested at 50%
harvest period were less yellowed (ripened) compared to those harvested at 100% harvest. In studies
conducted on different species on the subject, it has been stated that the crude protein content of the
seeds increased as the 1000-grain weight increased (Tan and Temel, 2019; Hicks et al., 2002).

Stem crude protein, NDF ve ADF contents (%0):

In the current study, only the stem ADF content was found to be statistically significant. When
Table 8 was evaluated, it was determined that the highest average stem ADF ratios were in plants
harvested at 100% maturity. This may have been due to the yellowing of leaves on the plant during
late developmental stages and the shedding of a large portion of them. This may have led to an
increase in structural carbohydrate (lignin, cellulose, hemi-cellulose) ratios. It was reported that stems
of Mountain Spinach contain more extracellular matter than leaves and therefore have a higher ADF
ratio (Temel et al., 2022a). It has also been reported that the ADF ratios of the herb obtained from
Mountain Spinach were higher in late harvests (Temel et al., 2022D).
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Table 8. Average stem crude protein, NDF and ADF contents of Mountain spinach according to intra-
row and development stages

Intra-Row Stem Crude I_Drotein Ratio (%) Stem ND_F Ratio (%) Stem AD_F Ratio (%0)

Distance Harvest Periods Mean Harvest Periods Mean Harvest Periods Mean
50% 100% 50% 100% 50% 100%

10 cm 491 4.36 4.64 74.32 76.43 75.37 48.50 50.50 49.50

20 cm 481 4.15 4.48 75.20 77.47 76.34 49.34 51.29 50.32

30cm 4.49 4.05 4.27 75.86 78.38 77.12 50.17 51.55 50.86

40 cm 4.00 3.92 3.96 76.08 79.00 77.54 50.22 52.62 51.42

Mean 4,55 412 75.36 77.82 4956 b* 5149a

LSD Value HP: 0.56, IR: 0.80 HP: 0.10, IR: 0.14 HP: 1.52, IR: 0.14

* Means indicated with different letters in the same row are statistically different within the P<0.05 error limits according to the LSD test. HP: Harvest
period, IR: Intra-row, NDF: Neutral detergent fiber, ADF: Acid detergent fiber

CONCLUSION

In this study where different intra-row distances and seed harvest times were tested in Atriplex
nitens (Mountain Spinach), it was determined that the highest plant height (2.99 m), stem thickness
(17.13 mm), maturation period (196 days) and seed crude protein content (17.13%) were obtained
from plants sown with 40 cm intra-row distance, while seed yield (1055 kg/da), stem vyield (2717
kg/da), biological yield (3772 kg/da) and harvest index (28.12%) values were obtained from plants
sown with 10 cm intra-row distance. When evaluated in terms of harvest period, the highest plant
height (2.87 m), stem thickness (16.70 mm), stem yield (2044 kg/da), seed NDF (37.51%), seed ADF
(23.88%) and stem ADF (51.49%) rates were obtained from plants harvested at 100% maturity stage,
while seed vyield (811 kg/da), harvest index (31.41%) and thousand grain weight (6.63 g) were
obtained from plants harvested at 50% maturity stage. These values showed that seed vyield
performances were better in plants sown with narrow intra-row spacing and harvested at 50% maturity
stage.
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