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ABSTRACT

Common Reed (Phragmites australis (Cav.) Trin. Ex Steud, which is remained inactive and grown in saline
drainage channels, has been seen as an important potential to reduce the roughage deficit needed in animal
nutrition. For this purpose, some yield, fermantation, chemical and nutritional characteristics of P.australis
herbage and silage obtained from the end of the vegetative stage (EVS), the beginning of panicle (BP) and the
full panicle stage (FPS) were determined. The study was carried out in 2021-2022 in Igdir, which is located in
the North-East of Turkey. The results showed that the forage yield characteristics increased as the development
period progressed and also that high lactic acid, low pH, acetic, propionic and butyric acid contents desired in
silo feeds were obtained from the cuttings at FPS. In addition, ammonia production was low in silages at BP and
FPS, but high the fleig score. It was observed that the dry matter digestibility, metabolic energy and relative
feed value were higher while dry matter and crude protein ratio, acid detergent fibre and crude ash content of
herbage according to silage were lower. On the other hand, the desired chemical and nutritional values in both
herbage and silage were determined during the most suitable BP. As a result, it was determined that the common
reed was appropriate to harvest in FPS for a silo feed with high yield and fermentation properties. In addition,
it was concluded that the herbage and silage harvested at BP produced a higher quality feed material in terms

of nutritional and chemical composition, respectively.
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INTRODUCTION

Since the herbaceous species in the vegetation are dry
in late summer, autumn and especially in winter, roughage
in sufficient amount and quality cannot be obtained. This
quality roughage shortage is an important problem in terms
of ruminants’ nutrition in Turkey (including the Igdir
region) as in many countries in the world. Although this
roughage deficit is tried to be provided by meadow-pasture
and forage crops, it is not sufficient for the balanced
nutrition of the existing ruminants. For this reason, it was
thought that it would be easier and more economical to
meet the quality roughage deficit with alternative species
grown naturally in vegetatiton (Oktay and Temel, 2015;
Temel, 2015; Temel and Kir, 2015; Temel et al., 2015;
Temel, 2018; Temel, 2019). One of these species is
common reed (Phragmites australis (Cav.) Trin Ex. Steud),
which develops rapidly in wetlands with its strong
rhizomes (horizontal and vertical growing) and produces in
a high amount of aboveground biomass per unit area
(Hocking et al., 1998; Deakin et al., 2016). Common reed,
which is a perennial grass, is a cosmopolitan species and is

Chemical and nutritional composition,
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extremely abundant in low-lying wet areas such as drainage
ditches, fresh and salt water marshes, through rivers, sandy
banks, roadsides, woodlands, shallow lake edges and
waterways particularly in the warm and temperate regions
of the world (Saltonstall, 2001; Lewandowski et al., 2003;
Scragg, 2009). It can also tolerate high salinity (1.8-3.0%),
acidic (pH 2.9) and basic (pH above 8.5) environments
(Matoh et al., 1988; Lissner et al., 1999; Small and Catling,
2001) and grow in soils with organic contents ranging from
110 97% (Van der Werff et al., 1987).

A similar situation is valid for the geography of Igdir,
which is located in the North-East of Turkey. 1/3 of the
plain has been affected by salinity due to low rainfall (265
mm), high evaporation (1094 mm), unconscious irrigation,
high groundwater level and closed basin. In order to bring
these areas to production and to prevent more agricultural
areas from being affected by salinity, many drainage
channels were opened in the plain and the area covered by
these channels is 6000 hectares (Temel and Simsek, 2011).
In addition, the passage of the Aras river through the plain,
excessive irrigation and the clogged drainage channels have
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increased the groundwater level in the plain and caused the
formation of water marshes in places. This has increased
the distribution area of the common reed, which has a high
response to salinity and its density per unit area. For these
existing reasons, Common reed species grown in salt-water
marshes, drainage ditches and abandoned agricultural areas
in the region have been seen as an important advantage in
terms of roughage supply in ruminant nutrition.

Common reed is a preferred plant in different ecological
regions of the world for different purposes (such as energy,
health, food, paper, synthetic textiles and construction
industry) (Small and Catling, 2001; Kering et al., 2012;
Kobbing et al., 2013; Vai¢ekonyté et al., 2014). In addition,
the plant has started to receive more attention as an
alternative roughage source (hay, straw and silage) in the
nutrition of ruminants in recent years due to its high
nutrient content (in terms of nitrogen, NDF, potassium,
manganese and magnesium) and its ability to produce dry
matter (Baran et al., 2002; El-Talty et al., 2015; Tanaka et
al., 2016; Asano et al., 2017; Buyukkilic Beyzi and
Sirakaya, 2019; Aydogan and Demiroglu Topcu, 2022). As
a matter of fact, it was revealed that the aboveground
biomass dry weight of the plant varied between 1.3 and
116.0 tons ha? in the studies conducted in different
geographies (countries) (Hocking et al., 1998; Warren et
al., 2001; Lewandowski et al., 2003). It has also been
reported that young shoot leaves and the whole plant part
harvested in August contain 18% and 5.75% crude protein,
respectively and shoots and leaves in early development
stages are grazed by livestock (Windham and Ehrenfeld,
2003; Sun et al., 2008). Again, studies have been carried
out to allow the use of aboveground biomass for a long time
by drying or ensiling (Iranmanesh, 2014; Kadi et al., 2018;
Monllor et al., 2020).

On the other hand, in previous studies, it was observed
that the yield and nutrient content of the common reed plant
were determined on samples taken from freshwater
marshes, shallow lake edges and water surfaces and
harvested before the beginning of flowering (early
development periods). The results obtained from these
studies have shown that common reed herbage and silage
can be used as a resource of roughage in the nutrition of
ruminants in terms of their fermentative, nutritional and
anti-nutrient compositions (Buyukkilic Beyzi et al., 2022).
Again, in the study carried out in different geographies, it
was revealed that the yield, chemical (except HP), nutrient
and energy contents of common reed herbage mowed at 10-
day intervals in June differed according to the cutting times
(Buyukkilic Beyzi and Sirakaya, 2019; Aydogan and
Demiroglu Topcu, 2022). These results showed that the
yield and quality values of the plant changed depending on
the regions where it was grown and the sampling times. For
this reason, in order to ensure maximum biomass yield and
quality in common reed, the suitable cutting periods and
forage storage methods (wet, hay, straw or silage) should
be determined according to the regions where it grows. In
addition, there is no study that reveals the vyield,
fermentative, chemical and nutritional content of common
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reed herbage and silage grown in saline drainage channels
according to different development periods.

With the present study, it has been tried to reveal
whether common reed, which is remained inactive and
grown intensively in saline drainage channels in the region,
can be evaluated as an alternative feed resource in the
nutrition of ruminants in terms of yield and quality.

MATERIALS AND METHODS

The research was carried out in Igdir Province (39°
59'14" N, 44° 03’ 13" E), which is located at an altitude of
862 m in the North-East of Turkey for two years (2021-
2022). According to the long-term average of the region,
the annual rainfall amount was 265.4 mm, the average
temperature was 12.4 °C and the relative humidity value
was 54.6%. In the years 2021 and 2022, when the samples
were taken, the annual rainfall was determined as 209.3 and
171.6 mm, the average temperature was as 14.2°C and 15.2
°C and the relative humidity was as 54.9% and 51.5%,
respectively (GDM, 2021). These climatic values show that
the region has an arid climate. In addition, since the ground
water level is high in the plain of 92.200 ha (due to the
closed basin of the region), 1/3 of the agricultural areas was
affected by salinity. In order to remove the existing salinity,
drainage channels were opened in an area of 6.000 hectares
in the plain, and common reed (Phragmites australis (Cav.)
Trin Ex. Steud) grown in these channels formed the plant
material of the study. The development periods (end of
vegetative stage (EVS), beginning of panicle (BP) and full
panicle stage (FPS)) were chosen as trial material.

The study was established according to the randomized
blocks design with 5 replications in the drainage channel
where the common reed grown intensively. While sampling
in the drainage channel, it was taken from the plants
growing on the soil surface near the drainage channel, not
from the plants growing in the water. Then, an area of 2 m?
from a height of 10 cm above the soil level for each
replication in each development period was cut (end of
vegetative stage: first week of June, beginning of panicle:
last week of July and full panicle stage: mid-August), and
first fresh weights and then the fresh herbage yields were
determined with a simple proportion. Then, 10 plants were
randomly selected from the harvesting area and their fresh
herbage weight, plant height, stem thickness and leaf ratios
(the leaves separated from their stems were weighed and
proportioned to the total weight) were determined. 10
plants, whose fresh herbage weights were determined, were
dried in an oven set at 105 °C until their weights were
constant, and then they were weighed and their dry matter
ratios were calculated. Dry matter yields were determined
by multiplying the dry matter ratio with the fresh herbage
yield (dry matter yields per hectare with a simple
proportion), and crude protein yields were determined by
multiplying the dry matter yields with the crude protein
ratio.

The harvested plants were chopped with a diameter of
1.5-3.0 cm (in a chopper machine) and placed in vacuum
bags of 2.0 kg with 5 replications. Afterwards, the samples
were packaged in a laboratory vacuum machine and stored



for 60 days at 25+2 °C. 20 grams of silage samples opened
after 60 days were taken and dried at 105 °C until they
reached a constant weight, and the dry matter ratios were
calculated by proportioning the value to the fresh sample.
20 grams of silage sample from the opened silage packages
and 180 ml of distilled water were added to it and mixed in
the blender until the mixture was homogeneous and then
filtered. Then, the pH of the samples from the existing
filtrate was determined with a pH meter and the ammonia
amounts were determined by the Kjeldahl method (AOAC,
1990). The Fleig score (FS) was determined by the
following equation, and the resulting values were collected
and the quality class of the silage samples was revealed
according to the scoring scale (Quality classes: >20 very
poor, 21-40: low quality, 41-60: medium quality, 61-80:
good quality, 81<: very good quality).

Fleig score =220 + (2 x DMI -15%) - 40 x pH (1)

“Required pH” values of silage samples were
determined by the following equation (Meeske, 2005).

Required pH = 0.00359 x DM (g kg*) + 3.44 (2)

The filtrate taken from the silage samples was purified
by the method developed by De Baere et al. (2013), and the
organic acids (acetic acid, butyric acid, propionic acid and
lactic acid) obtained from the extracts were determined in
mg in the HPLC-DAD device. These values were then
converted to %. In the dried and ground (1 mm particle
size) herbage and silage samples; crude protein ratio
(AOAC, 1997), crude ash ratio (AOAC, 1990), neutral
detergent fibre (NDF) and acid detergent fiber (ADF) (Van
Soestetal., 1991) were determined. Dry matter digestibility
(DMD), dry matter intake (DMI), metabolic energy (ME)
and relative feed value (RFV) were calculated by the
following formulas by using the chemical analysis values
performed in the samples (Sheaffer et al., 1995).

DMD (%) = 88.9- (0.779 x ADF%) ©)
DE (Mcal kg%) = 0.27 + 0.0428 x DMD% (4)
ME (Mcal kg?) = 0.821 x DE (Mcal kg™?) (5)
DMI (dry matter intake) = 120 /INDF% (6)
RFV = (DMD x DMI) / 1.29) )

Since there was no significant difference between the
years in terms of the characteristics examined, the two-year
data obtained from the study were combined and statistical
analyzes were made on the average values. In the JMP
(5.0.1) statistical package program (SAS Institute, 2003,
Cary, NC, USA), the values of the herbage yield and silage
fermentation were analyzed according to the randomized
complete block design, but the data of the chemical and
nutrient composition of the herbage and silage according to
the factorial experiment design in randomized complete
blocks. The means were compared by using the LSD test at
(p=<0.05) level (Steel and Torrie, 1980).

RESULTS AND DISCUSSION

The forage yield characteristics obtained from different
development periods of Common reed grown in saline
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drainage conditions and significance levels with the LSD
values belonging to these characteristics are presented in
Table 1. The results of the analysis showed that plant
height, fresh and dry matter yields increased with the
progress of the development periods and the highest values
were obtained from the full panicle stage. This may be due
to the fact that the plants utilized from the environmental
conditions for a longer period of time (in the harvest made
in July and August) in the late development period
compared to the early development stages and thus
produced more assimilation. As a matter of fact, the longer
the vegetation period in plants, the higher the amount of dry
matter formed by the plants and therefore the yield
(Genctan, 2012). Regarding the subject, Shay and Shay
(1986) stated that the maximum plant height and yields in
Common reed were reached in July-August. It was also
revealed that there were yield differences according to the
developmental periods by Aydogan and Demiroglu Topcu
(2022), but it was seen that the yields obtained by the
researchers were higher than our current research findings.
It is thought that this is due to the differences in the harvest
periods, the number of plants per unit area, the environment
(such as salty-fresh water and shallow lake edges) and
ecological conditions in which the plants grow. As a matter
of fact, it has been reported that different yields (1.3-116.0
tons ha*) and plant height (2.5-6.0 m) are obtained from
Common reed plant grown in different geographies of the
world due to similar reasons (Shay and Shay, 1986;
Hocking et al., 1998; Small and Catling, 2001; Warren et
al., 2001; Lewandowski et al., 2003). It has also been
reported that the increase in salinity reduces the nitrogen
uptake, shoot and root growth of common reed, and
consequently reduces plant height and biomass production
(Hellings and Gallagher, 1992; Chambers et al., 1998;
Lissner et al., 1999). When Table 1 was examined, the
highest leaf ratio and crude protein yield were determined
at the beginning of panicle and the full panicle stage in the
same statistical group. The increase in height with the
progression of the development period may have caused the
leaf ratio to be higher. In a different study conducted on
Common reed, it was reported that the leaf ratio varied
between 25-30% (Hocking et al., 1998), and these values
show parallelism with our research findings. Crude protein
yield is calculated by multiplying dry herbage yield by
crude protein ratio. In the present study, it was observed
that the highest dry herbage yield was obtained in the full
panicle period (Table 1), and the highest crude protein
content was obtained at the beginning of the panicle (Table
3). Therefore, the fact that these two values were higher
than the end of the vegetative stage caused the crude protein
yield to be higher at the beginning of the panicle and the
full panicle period.

Some fermentation characteristics of common reed
harvested at different development stages are presented at
Table 2. Among the silage quality criteria, pH, ammonia
nitrogen (NHsN) and the amount and composition of
organic acids formed during fermentation are extremely
important, and they are important characteristics used to
determine the silage fermentation and quality (McDonald
et al., 1991; Limin Kung et al., 2003). The pH contents of



the silage obtained according to the development periods
varied between 4.73-5.19, and the lowest value was
determined at the FPS period and found to be lower than
the required pH (Table 2). This was found to be higher than
the pH found by Buyukkilic Beyzi et al. (2022). Meeske
(2005) reported that the silages in different dry matter are
not possible to have the same pH, and therefore, as the dry
matter content increases, the pH of the silage will increase.
Chamberlain and Wilkinson (1996) stated that the
measured pH is appropriate to be lower than the required
pH. And the silage material must contain at least 3% water-
soluble carbohydrates (WSC) in order to bring the pH level
to 4, which is the most suitable silage pH. For this reason,
the WSC source must be added to reduce the silage pH. The
addition of WSC source improves lactic acid bacterial
fermentation in the silo environment, which inhibits
proteolysis (conversion of proteins to ammonia)
(McDonald et al., 1991; Limin Kung et al., 2003), resulting
in lower pH levels of silages. As the development period

progressed, the ammonia content of the formed silages
decreased, while the FS increased. The FS was found to be
of very good quality at all developmental stages. As the
development period progressed, the lactic acid content of
the silages increased. The highest lactic acid content was
found in FPS with 0.763%, while the lowest acetic acid and
butyric acid contents were found in FPS (0.381% vs
0.091%). The increase in lactic acid level in ensiling has the
greatest effect on the decrease in pH. In high quality
silages, it is desired that the amount of lactic acid is high,
but the levels of acetic acid and butyric acid are low.
Because the increase in acetic acid content negatively
affects silage quality, energy content and dry matter
amount. Asano et al. (2018) found that the lactic acid level
was high and the acetic acid, butyric acid and propionic
acid contents were low in Common reed silages made
without using any additives. When the fermentation
characteristics were evaluated, it was determined that the
best quality silage had the FPS harvest period.

Table 1. Some herbage yield characteristics of Phragmites australis cut at different development stages.

Development stages

Yield characteristics EVS BP EPS SEM LSD value/ significance
Plant height (m) 3.0lc 316b 338a 0.02 0.07¢
Stem thickness (mm) 8.25 8.40 8.64 0.22 0.88"
Leaf rate (%) 26.20b 32.24a 33.04a 0.80 3.15°
Fresh herbage yield (tone ha) 3760b 39.71b 51.40a 0.80 3,14°
Dry herbage yield (tone hat) 16.32¢c 20.64b 2835a 0.47 1.83°
Crude protein yield (tone ha*) 0.96 b 1.27a 1.43a 0.05 0.20°

s: significant, ns: non-significant. #°< Values represented by the different letters in the same column differ statistically. EVS: end of
vegetative stage, BP: beginning of panicle, FPS: full panicle stage, SEM: standard error of the mean.

Table 2. Some fermentation characteristics of Phragmites australis cut at different development stages.

Development stages

Fermentation characteristics EVS BP EPS SEM LSD value/ significance
pH 494ab 519a 473b  0.09 0.35%
Required pH 5.05c¢ 5.77a 560b  0.01 0.04°
Ammonia production (%) 8.26a 456 b 533b  0.26 1.033
Fleig point 82.01b 1120l1a 12157a 3.31 12.99°
Lactic acid (%) 0.132c 0.646b  0.763a 0.028 0.111¢
Acetic acid (%) 0.882a 0.689b  0.381c 0.017 0.068°
Propionic acid (%) 0.122a 0.127a 0.109b 0.003 0.011°
Butyric acid (%) 0.113a 0.104b  0.091c 0.001 0.005°

s: significant, ns: non-significant. *°< Values represented by the different letters in the same row differ statistically. EVS: end of
vegetative stage, BP: beginning of panicle, FPS: full panicle stage, SEM: standard error of the mean.

The dry matter, crude ash and crude protein ratios of
common reed differed according to feed type (herbage and
silage) and development periods, and mean values are
given in Table 3. When Table 3 was examined, the highest
dry matter ratio was determined at the beginning of the
panicle and the full panicle period in the same statistical
group, but the crude ash ratio in the full panicle period
(Table 3). This may be due to the fact that the plants utilized
from the more environmental conditions with the
progression of the development period and the leaf ratio
was high. Similarly, Katongole et al. (2021) found that the
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dry matter (18.1-20.3%) and raw crude content (15.0-
16.1%) of common reed in late harvests were reported to
be higher according to early harvests (DM: 12.8%-14.7%
and RA: 9.3-14.2). In addition, it was reported that common
reed leaves had high dry matter (93.2%) and crude ash
content (12.1%) (Kadi et al., 2018). In the present study, it
was observed that the plants had higher protein content at
the beginning of panicle compared to the first and last
development period (Table 3). This may be due to the low
leaf ratio in the early development period, and the decrease
in the amount of intracellular substances with maturation in



the late development period. As a matter of fact, the highest
nitrogen content in common reeds is found in the leaves and
young tissues/organs of the plant (Baran et al., 2002;
Tanaka et al., 2016), as in the plants used for forage
purposes (Temel and Keskin, 2020; Temel and Keskin,
2022; Temel et al., 2022). In addition, nitrogen assimilated
in shoots and leaves of common reed is transported to
rhizomes at the end of the development period (Hocking et
al.,, 1998). In previous studies on common reed, it was
reported that dry matter ratios varied between 36.76%-
51.79%, crude ash contents between 5.2-9.5% and crude

protein ratios between 4.4-17.30% according to the harvest
time or the development period of the plant (Tanaka et al.,
2016; Buyukkilic Beyzi and Sirakaya, 2019). In addition, it
was observed that the values obtained according to the
developmental periods did not show similar increases or
decreases with the results of the current study, as well as
higher or lower than the current research findings. It is
thought to be due to that this is different the habitats,
ecological conditions, cutting heights and months of
sampling.

Table 3. The dry matter, crude ash and crude protein rates of Phragmites australis cut at different development stages.

Development Dry matter (%)

Crude ash (%) Crude protein (%)

stages (DS) Herbage Silage Mean Herbage Silage Mean Herbage  Silage Mean
EVS 43.53 4484 44.19b 7,36 9,29 8,33b 5.92 6.11 6.02b
BP 51.96 64.80 58.38a 8,24 8,14 8,19b 6.20 8.80 750 a
FPS 55.16 60.32 57.74a 8,78 9,31 9,05a 5.06 7.36 6.21b
FT mean 50.22 b 56.65 a 8,13b 8,91a 5.73b 7.42a

LSD value/ DS: 1.78%, FT: 1.45°, DS: 0.58%, FT: 0.47°, DS: 0.87%, FT: 0.71°,
significance DS x FT: 2.52°¢ DS x FT:0.82° DS x FT: 1.24°¢

s: significant, ns: non-significant. 2°< Values represented by the different letters in the same column and row differ statistically. EVS:
end of vegetative stage, BP: beginning of panicle, FPS: full panicle stage, FT: fodder type

When evaluated in terms of feed types, the dry matter
(56.65%), crude ash (8.91%) and crude protein content
(7.42%) of the silage material were found to be higher than
the hay. These high values may be due to the higher dry
matter ratio of the silage material compared to the hay. In a
study, Buyukkilic Beyzi and Sirakaya (2019) determined
the dry matter contents of herbage and silage harvested at
the beginning of June as 30.7% and 30.59%, crude ash ratio
as 9.46% and 9.12%, and crude protein content as 17.44%
and 17.47%, respectively. In addition, in previous studies,
it was stated that the dry matter and crude protein content
of common reed silage varied between 20.0-35.0% and
15.0-20.0%, respectively (El-Talty et al., 2015; Asano et
al., 2017; Asano et al., 2018). In a study conducted by
Baran et al. (2002), the crude ash content of Common reed
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herbage was determined as 6.7%. It is thought that these
differences are caused by the difference in ecological
conditions, cutting height and stages. While the DM and CP
ratio of dry herbage and silage were at the same level in the
early development period, the DM and CP ratios of herbage
showed a continuous increase with the progress of the
development period. However, the DM and CP ratios of
silage first increased and then decreased again (Figure 1a,
1b). When evaluated in terms of crude ash, content of dry
matter continuously increased with the progress of the
development period, while the crude ash content of silage
first decreased and then increased (Figure 1c). This has led
to the fact that the bilateral interaction is important in terms
of DM, CP and RA.
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Figure 1. The effect of development stages x fodder types interaction on the dry matter (a), crude protein (b) and crude ash (c).
abe plots followed by the different letters differ statistically. EVS: end of vegetative stage, BP: beginning of panicle, FPS: full panicle

stage.

When Table 4 was examined, neutral detergent fiber
(NDF), acid detergent fiber (ADF), dry matter digestion

and
differences

relative feed value (RFV) showed significant
according to  development  periods.

(DMD), dry matter intake (DMI), metabolic energy (ME) Accordingly, the lowest NDF and ADF content and the
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highest DMD, DMI, ME and RFV were determined at the
beginning of panicle (Table 4). The low NDF and ADF
content at the beginning of panicle stage may be due to the
higher leaf ratio compared to the end of vegetative stage
and the less thickening (hardening) of the plant parts
compared to the final development period. Since DMD,
DMI, ME and RFV are calculated by using NDF and ADF
values, low NDF and ADF values at the beginning of
panicle stage cause the DMD, DMI, ME and RFV to be
high. As a matter of fact, since feed materials (particularly
leaves) with soft tissue and thin cell walls contain less
amounts of  structural carbohydrates  (cellulose,
hemicellulose and lignin) and higher amounts of non-
structural carbohydrates (sugar, protein and fat), their
digestibility and energy content are higher (Collins and
Fritz, 2003; Fales and Fritz, 2007; Temel and Keskin, 2020;
Temel et al., 2022). On the other hand, in a quality
roughage, it is desired that the ratio of NDF and ADF are
low, while other characteristics are high (Sheaffer et al.,
1995; Rivera and Parish, 2010). According to this
information, in the present study, it was revealed that the
beginning of panicle produced a higher quality forage
material than the other two development periods. Similar
change rates in NDF, ADF, DMD, DMI, ME and RFV
according to the development stages were also reported by
Buyukkilic Beyzi and Sirakaya (2019), and these results
support our research findings. In addition, it was revealed
that the NDF (64.0-84.3%), ADF (29.4-61.4%), DMD
(59.43-62.40%), DMI (1.57-1.69%), ME (2.10-2.15 Mcal
kg?) and RFV (78.72-90.49) of Common reed differed
according to the development or harvest periods in different

studies (Tanaka et al.,, 2016; Buyukkilic Beyzi and
Sirakaya, 2019; Katongole et al., 2021).

While the ADF, DMD, ME and RFV of dry herbage and
silage differed statistically, NDF and DMI were found to be
insignificant (Table 4). When Table 4 was examined, it was
determined that the ADF content of the dry herbage was
lower than the silage, but the DMD, ME and RFV higher.
In the study conducted by Buyukkilic Beyzi and Sirakaya
(2019), they revealed that the NDF and DMI did not differ
between dry herbage and silage, but the DMD and RFV of
herbage were higher than silage. In the same study,
although researchers found the ADF and DMI to be
statistically insignificant, they reported that herbage had a
lower ADF ratio and higher DMI than silage. These results
also showed parallelism with our research findings. Also,
Katongole et al. (2021) revealed that the NDF ratio of
Common reed varied between 67.3-71.2% and the ADF
ratio between 29.4-35.3%. In another study, Tanaka et al.
(2016) determined the NDF and ADF content of Common
reed herbage as 79.3-84.3% and 56.7-61.4%, respectively.
In terms of bilateral interaction, the contents of ADF, DMD
and ME showed statistically significant differences. While
the ADF contents of dry herbage and silage first decreased
and then increased, their DMD and ME contents first
increased and then decreased according to the
developmental periods (Figure 2a, 2b, 2c). Accordingly,
the lowest ADF ratio and the highest DMD and ME content
were determined in the beginning of panicle stage in both
dry herbage and silage.

Table 4. The chemical and nutritional composition of Phragmites australis cut at different development stages.

Development NDF (%) ADF (%) DMD (%)
stages (DS) Herbage Silage Mean Herbage Silage Mean Herbage  Silage Mean
EVS 74.71 77.07 758%9a 46.91 54.62 50.76a 52.36 46.35 49.36 b
BP 67.97 69.02 6850c 42.66 4420 43.43b 55.67 54.47 55.07 a
FPS 73.18 7064 7191b 45.69 52.08 48.89a 5331 48.33 50.82 b
FT mean 71.95 72.24 45.09 b 50.30 a 53.78 a 49.72 b
LSD value/ DS: 2.18%5 FT: 1.78"%, DS x FT: DS: 2.26°%, FT: 1.85°, DS:1.76% FT: 1.445,
significance 3.09"s DS x FT: 3.20° DS x FT: 2.49°

DMI %) ME (Mcal kg?) RFV
EVS 1.61 1.56 158¢ 2.06 1.85 1.96 b 65.22 55.97 60.59 ¢
BP 1.77 1.74 1.75a 2.18 2.14 2.16a 76.29 73.48 74.89 a
FPS 1.64 1.70 1.67b 2.09 1.92 2.01b 67.81 63.67 65.74 b
FT mean 1.67 1.67 211a 1.97b 69.77 a 64.37b
LSD value/ DS: 0.05% FT: 0.04", DS x FT: DS: 0.06°, FT: 0.05°, DS: 3.85% FT:3.145, DS x FT:
significance 0.07"* DS x FT:0.09°¢ 5.44"%

s: significant, ns: non-significant. 2°< Values represented by the different letters in the same column and row differ statistically. EVS:
end of vegetative stage, BP: beginning of panicle, FPS: full panicle stage, FT: fodder type, NDF: neutral detergent fibre, ADF: acid
detergent fibre, DMD: dry matter digestibility, DMI: dry matter intake, ME: metabolic energy, RFV: relative feed value
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Figure 2. The effect of development stages x fodder types interaction on the acid detergent fibre (a), dry matter digestiblity (b) and

metabolic energy (c).

abe plots followed by the different letters differ statistically. EVS: end of vegetative stage, BP: beginning of panicle, FPS: full panicle

stage.

CONCLUSION

It was determined that common reed, which grows
intensively in saline drainage channels where other
cultivated plants did not develop, produced a substantial
dry matter yield per unit area, and it was revealed that the
yields differed according to the development periods. The
highest dry matter yields were obtained from the cutting
made at the full panicle period. However, considering the
crude protein yields obtained from the unit area, it was seen
that the beginning of panicle and the full panicle periods
were more suitable. When evaluated in terms of the
examined fermentation characteristics, the best quality
silage material was determined at the full panicle stage. In
addition, it was concluded that in terms of chemical and
nutritional composition, the beginning of panicle produced
a higher quality forage material than the other development
periods, and dry herbage compared to silage. As a result, it
was revealed that the material obtained from common reed
according to the development periods and feed types
produced a low quality feed material in terms of
fermentative, chemical and nutritional content. However, it
was determined that the feed quality of common reed was
higher compared to the feed quality of different plant
product wastes such as barley (CP: 4.5%), wheat (CP:
4.1%), rye (CP: 3.6%), rice (CP: 4.5%), corn (CP: 4.3%)
and oats (CP: 4.9%) (Karabulut and Filya, 2012). Therefore
the plant can be used as a source of roughage in animal
feeding. In addition, since the dry matter content of
common reed was very high and the lactic acid content was
low, it was concluded that it would be appropriate to add
the water-soluble carbohydrate sources and the additives
with high water content for a better quality silage material.

LITERATURE CITED

AOAC. 1990. Association of Official Analytical Chemists.
International Official Methods of Analysis. 15th edition,
Arlington, VA, USA.

AOAC. 1997. Association of Official Analytical Chemists.
International Official Methods of Analysis. 16th edition, 3rd
revision, Arlington, VA, USA.

Asano, K., T. Ishikawa., A. Araie and M. Ishida. 2018. Improving
quality of common reed (Phragmites communis Trin) silage
with additives. Asian-Austral J. Anim. Sci. 31(11): 1747-
1755.

76

Asano, K., T. Ishikawa and M. Ishida. 2017. Digestibility of
common reed (Pharagmites communis Trin.) silage as
ruminant feed and effects of inclusion levels in the diet of
breeding cows on feed intake, ruminal fermentation and blood
metabolites. Anim. Sci. J. 88(12): 1955-1962.

Aydogan, D. and G. Demiroglu Topcu. 2022. Effect of different
harvesting times on the dry matter yield and some forage
quality characteristics of common reed (Phragmites australis
(Cav.) Trin Ex. Steud). ISPEC J. Agr. Sci. 6(3): 492-499 (in
Turkish).

Baran, M., Z. Varadyova., S. Kracémar and J. Hedbavny. 2002.
The common reed (Phragmites australis) as a source of
roughage in ruminant nutrition. Acta. Vet. Brno. 71: 445-449.

Buyukkilic Beyzi, S. and S. Sirakaya. 2019. Determination of feed
value of common reed (Phragmites australis) in diferent
sowing periods. KSU J. Agric. Nat. 22(3): 487-491 (in
Turkish).

Buyukkilic Beyzi, S., I. Ulger and Y. Konca. 2022. Chemical,
fermentative, nutritive and anti-nutritive composition of
common reed (Phragmites australis) plant and silage. Waste
and Biomass Valorization. https://doi.org/10.1007/s12649-
022-01903-w.

Chamberlain, A.T. and J.M. Wilkinson. 1996. Feeding the Dairy
Cow. Welton, Lincoln, LN2 3 LT, UK: Chalcombe Publ.
Chambers, R., T. Mozdzer and J. Ambrose. 1998. Effects of
salinity and sulfide on the distribution of Phragmites australis
and Spartina alterniflora in a tidal saltmarsh. Aquat. Bot. 62:

161-169.

Collins, M. and J.O. Fritz. 2003. Forage quality. In: Forages, ed.
Barnes, R.F., Nelson, C.J., Collins, M. and Moore, K.J., 363-
390, Blackwell Publishing, Ames IA.

Deakin, C., R. Ferguson., B. Hope and D. Featherstone. 2016.
Mapping and removal of Phragmites australis along Western
collingwood shoreline through community action and local
partnerships. Collingwood Phragmites Report Canada, 1-58.

De Baere, S., V. Eeckhaut., M. Steppe., C. De Maesschalck., P.
De Backer., F. Van Immerseel and S. Croubels. 2013.
Development of a HPLC-UV method for the quantitative
determination of four short-chain fatty acids and lactic acid
produced by intestinal bacteria during in vitro fermentation. J.
Pharm. Biomed. Anal. 80C:107-115.

El-Talty, Y.I., M.H. Abdel-Gwad and A.E.M. Mahmoud. 2015.
Effect of common reed (Phragmites australis) silage on
performance of growing lambs. Asian J. Anim. Sci. 9(1): 1-
12.

Fales, S.L. and J.O. Fritz. 2007. Factors affecting forage quality.
In: Forages, ed. Barnes, R.F., Nelson, C.J., Moore, K.J. and
Collins, M., 569-580, Blackwell Publishing, Ames IA.

GDM. 2021. Igdir Provincial Directorate of Meteorology. Igdir,
Turkiye.



Genctan, T. 2012. Agricultural Ecology. Turkiye: Namik Kemal
University Faculty of Agriculture General Publ. 6, Publ. No:3
(in Turkish).

Hellings, S.E. and J.L. Gallagher. 1992. The effects of salinity and
flooding on Phragmites australis. J. Appl. Ecol. 29: 41-49.
Hocking, P.J., C.M. Finlayson and A.J. Chick. 1998. Phragmites
australis (Cav.) Trin. Ex Steud. In: The biology of Australian
Weeds, ed. Panetta, F.D., Groves, R.H. and Shepherd, R.C.H.,

2:177-206, Meredith, Australia.

Iranmanesh, Y. 2014. Study of some additives efect on chemical
composition and nutritive value of Phragmites australis
forage silage with in vitro gas production method. J. Novel
Appl. Sci. 3(10): 1089-1094.

Kadi, S.A., M. Ouendi., C. Bannelier., M. Berchiche and T.
Gidenne. 2018. Nutritive value of sun-dried common reed
(Phragmites australis) leaves and its efect on performance
and carcass characteristics of the growing rabbit. World
Rabbit Sci. 26(2): 113-121.

Karabulut, A. and I. Filya. 2012. Feeds Knowledge and Feed
Technology (5th Edition). Uludag University, Faculty of
Agriculture Lecture Notes, No.: 67. p: 43-48. Bursa (in
Turkish).

Katongole, C.B., R. Lumu and J.E. Lindberg. 2021. Comparative
chemical composition and rumen degradation of common
reed and elephant grass in urban/peri-urban dairying systems
in Uganda. Agroecol. Sustain Food Syst. 45(6): 892-906.

Kering, M.K., T.J. Butler, J.T. Biermacher and J.A. Guretzky.
2012. Biomass yield and nutrient removal rates of perennial
grasses under nitrogen fertilization. Bioenerg. Res. 5: 61-70.

Kobbing, J.F., N. Thevs and S. Zerbe. 2013. The utilisation of reed
(Phragmites australis): A review. Mires and Peat 13(1): 1-14.

Lewandowski, 1., J.M. Scurlock, E. Lindvall and M. Christou.
2003. The development and current status of perennial
rhizomatous grasses as energy crops in the US and Europe.
Biomass Bioener. 25(4): 335-361.

Limin Kung, J.R.,, M.R. Stokes and C.J. Lin. 2003. Silage
additives. In: Silage science and technology (Agronomy
Series No. 42), ed. Buxton, D.R., Muck, R.E. and Harrison,
H., American Society of Agronomy, Madison, USA.

Lissner, J., H. Schierup, F. Comin and V. Astorga. 1999. Effect of
climate on the salt tolerance of two Phragmites australis
populations. 1. growth, inorganic solutes, nitrogen relations,
and osmoregulation. Aquat. Bot. 64: 317-333.

Matoh, T., N. Matsushita and E. Takahashi. 1988. Salt tolerance
of the reed plant Phragmites communis. Physiol. Plant 72: 8-
14.

McDonald, P., A.R. Henderson and S.J.E. Heron. 1991. The
Biochemistry of Silage. 2. ed. England: Chalcombe, Marlow.

Meeske, R. 2005. Silage additives: Do they make a difference?
Sa-Anim. Sci. 1(6): 49-55.

Monllor, P., C.A. Sandoval-Castro, A.J. Ayala-Burgos, A. Roca,
G. Romero and J.R. Diaz. 2020. Preference study of four
alternative silage fodders from the Mediterranean region in
Murciano-Granadina goats. Small Rum. Res. 192: 106204.

Oktay, G. and S. Temel. 2015. Determination of annual fodder
value of Ebu cehil (Calligonum polygonoides L. ssp.
comosum (L’Hér.)) shrub. J. Agric. Faculty of Gaziosmanpasa
Univ. 32(1): 30-36 (in Turkish).

Rivera, D. and J. Parish. 2010. Interpreting forage and feed
analysis reports. Mississippi State University Extension
Service, Publicaiton 2620.

Saltonstall, K. 2001. Cryptic invasion by a non-native genotype
of the common reed, Phragmites australis, into North
America. Pnas. 99(4): 2445-2449.

Scragg, A.H. 2009. Biofuels: Production Application and
Development. USA: Cambridge University  Press,
Cambridge.

77

Shay, J. M. and C.T. Shay. 1986. Prairie marshes in western
Canada, with specific reference to the ecology of five
emergent macrophytes. Can. J. Bot. 64: 443-454.

Sheaffer, C.C., M.A. Peterson, M. Mccalin, J.J. Volene and J.H.
Cherney. 1995. Acide detergent fiber, neutral detergent fiber
concentration and relative feed value. In: North American
Alfalfa Improvement Conference, Minneapolis, MN, USA.

Small, E. and P.M. Catling. 2001. Poorly known economic plants
of Canada-29. Common reed, Phragmites australis (Cav.)
Trin. ex Steud. Can. Bot. Assoc. Bull. 34: 21-26.

Steel, R.G.D. and J.H. Torrie. 1980. Principles and Procedures of
Statistics, McGaw-Hill Book Company, Inc. N.Y.

Sun, Z., D. Zhou, L.M.M. Ferreira, Q. Zhong and Y. Lou. 2008.
Diet composition, herbage intake and digestibility in Inner
Mongolian Cashmere goats grazing on native Leymus
chinensis plant communities. Livest. Sci. 116: 146-155.

Tanaka, S.T., C. Irbis, H. Kumagai and T. Inamura. 2016. Timing
of harvest of Phragmites australis (Cav.) Trin. ex Steud
affects subsequent canopy structure and nutritive value of
roughage in subtropical highland. J. Environ. Manage. 420-
428.

Temel, S. 2015. Determination of fodder quality parameters in
vegetative and seed maturity stages of Salsola tragus L. and
Noaea mucronata (Forssk.) Asch. and Schweinf. Int. J. Agric.
and Wildlife Sci. 1(1): 23-30 (in Turkish).

Temel, S. 2018. Determination of nutritional contents at the
different development stages of Puccinellia distans and
Aeluropus littoralis commonly growing in saline-alkaline
pastures. Int. J. Agric. and Wildlife Sci. 4(2): 237-246 (in
Turkish).

Temel, S. 2019. Variations in nutrient composition during Noaea
mucronata’s active growth as a source of roughage. Int. J.
Agric. and Wildlife Sci. 5(1): 117-123 (in Turkish).

Temel, S. and B. Keskin. 2020. The effect of morphological
components on the herbage yield and quality of quinoa
(Chenopodium quinoa Willd.) grown in different dates. Turk.
J. Agric. For. 44(5): 533-542.

Temel, S. and B. Keskin. 2022. Determination of forage quality
properties of plant parts in different amaranth varieties
cultivated under irrigated and rainfed conditions. J. Agric.
Faculty Ataturk Univ. 53(2): 122-132 (in Turkish).

Temel, S., B. Keskin and Z. Guner. 2022. Change in forage
quality of whole plant, leaf and stem according to sowing and
harvesting periods in Atriplex nitens Schkuhr grown without
fertilizer. Turkish Journal Field Crops 27(2): 208-216.

Temel, S. and A.E. Kir. 2015. Determination of grazing
preferences of the small ruminants based on seasonal periods
of some shrub and tree species. Int. J. Agric. and Wildlife Sci.
1(1): 31-39 (in Turkish).

Temel, S., M. Surmen and M. Tan. 2015. Effects of growth stages
on the nutritive value of specific halophyte species in saline
grasslands. J. Anim. Plant Sci. 25(5): 1419-1428.

Temel, S. and U. Simsek. 2011. Desertification process of Igdir
plain soils and solution suggestions. Almteri 21(B): 53-59 (in
Turkish).

Vaicekonyte, R., E. Kiviat, F. Nsenga and A. Ostfeld. 2014. An
exploration of common reed (Phragmites australis) bioenergy
potential in North America. Mires. Peat. 13: 1-9.

Van Soest, P.J., J.D. Robertson and B.A. Lewis. 1991. Methods
for diatery fibre, neutral detergent fibre and non-starch
polysaccharides in relation to animals nutrition. J. Dairy Sci.
74: 3583-3597.

Van der Werff, M., J.W. Simmers and S.H. Kay. 1987. Biology,
management and utilization of common reed Phragmites
australis. European Research Office of the U.S. Army,
London.



Warren, R.S., P.E. Fell, J.L. Grimshy, E.L. Buck, G.C. Rillingand  Windham, L. and J.G. Ehrenfeld. 2003. Net impact of a plant
R.A. Fertik. 2001. Rates, patterns, and impacts of Phragmites invasion on nitrogen cycling processes within a brackish tidal
australis expansion and effects of experimental Phragmites marsh. Ecol. Appl. 13(4): 883-896.
control on vegetation, macroinvertebrates, and fish within
tidelands of the lower Connecticut River. Estuaries. 24: 90-

107.

78



