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Abstract

Determining the nutritional quality of the main botanical components (grasses and forbs) in
semi-arid rangelands is essential for establishing a rangeland management plan to meet the
grazing animals’ nutrient requirements. The aim of this study is to determine the chemical
components of selected dominant rangeland plants and the change in their chemical
composition at different seasons and different parts for the same species. Seven dominant
species of grasses (Hordeum spontaneum and Avena sativa) and forbs (Medicago
orbicularis, Onobryches crista-galli, Anthemis palaestina, Trifolium stellatum and Sinapis
alba) were collected during early spring of 2020 and early summer of 2020 from Bani
Na’im site, samples were separated to leaves, stems and reproductive parts (RP), then
prepared for chemical analysis. Completely randomized design (CRD) was used for
statistical analysis with 3 replicates. The results showed significant differences (P<0.05)
between plant species and parts, effect of season was also appeared. It is found that crude
fibers (CF), acid detergent fibers (ADF), neutral detergent fiber (NDF) and Ca levels
increased in early summer. While, crude protein (CP), crude fat (CFt), K, P and N levels
decreased. S. alba has the highest crude fat, fibers, ADF, NDF and mineral content when

compared to other species. Grasses recorded relatively high CF and ADF levels in early
spring.

When comparing chemical composition among seasons, dry matter (DM) content was
ranged from (80.93 - 96.33) %, of A. palaestina was the highest in early summer, whereas
in spring from (6.17 - 36.00) %, the highest value was found in A. palaestina leaves. Ash
content was ranged from (3.73 — 26.32) % in spring, leaves of O. crista-galli were the
highest and fruits of A. sativa were the lowest, whereas in summer ash content ranged from
(5.29 — 30.48) %, the highest value was found in O. crista-galli leaves and the lowest was
found in S. alba stems. In early spring, the highest values of protein levels were 28.61%
and 28.34% for M. orbicularis (forbs) and T. stellatum (forbs) respectively. While in early
summer, the lowest protein levels were 6.60% and 7.68% for H. spontaneum (grasses) and
A. sativa (grasses) respectively. In early spring, fat content was ranged from (2.14 — 7.36)
%, leaves of A. palaestina were the highest whereas in summer fat content ranged from

(0.06 — 5.19) %, the highest value was found also in A. palaestina leaves.

IX



CF ranged from (17.69-39.20) % in spring, whereas (21.99-61.55) % in summer. For ADF,
in spring the value ranged from (22.02%-41.11%) whereas in summer it ranged from
(26.06%-66.21%). In early spring, NDF ranged from (26.58%-62.78%) whereas in summer
it ranged from (35.38%-73.79%).

At the level of comparing plant species, M. orbicularis (28.61%) and T. stellatum (28.34%)
followed by S. alba (24.12%), are highly significantly different (P<0.05) in CP compared
with other species at early stage of growth. Likewise, at maturation stage, protein
percentage in forbs were highest in A. palaestina (13.38%) > M. orbicularis (12.06%) > T.
stellatum (10.38%) > O. crista-galli (9.08%), followed by grasses. A. palaestina is the
richest plant in CFt (7.36% in spring and 5.91% in summer). At early stage of growth, O.
crista-galli was significantly (P<0.05) the highest in CF% (32.28%) compared with other
plant species, whereas at maturation, S. alba was significantly (P<0.05) the highest in CF%
(47.12%). At spring, A. sativa and M. orbicularis were significantly higher (P<0.05) in
NDF than other plant species, they had (56.44% and 52.80%) NDF respectively.

So, to justify sustainable development targets, lands covered with the investigated species
would satisfy ruminants needs during spring and early summer seasons especially T.

stellatum and S. alba.

Keywords: Nutritive value of Rangeland plants, H. spontaneum, A. sativa, M. orbicularis,

O. crista-galli, A. palaestina, T. stellatum, S. alba.



Introduction

The number of sheep and goats in West Bank and Gaza Strip is about 946,230 heads
(PCBS, 2023). About 36% of the agricultural gross domestic product is from sheep and
goats (Baumgarten-Sharon, 2017). A small proportion of these ruminants were raised
totally under shed conditions while the majority utilize the natural rangeland to obtain part

of its feed needs.

Rangeland in West Bank drastically suffer from deterioration, many causes led to such
deterioration that includes: rainfall fluctuation, trees and shrubs uprooting for heating, the
interchangeably use of marginal lands for crop cultivation and grazing without following
the correct and new agricultural technique, early grazing and sever overgrazing with a
presence of a large numbers of livestock around (ARI1J, 1994; PEnA, 1999). In addition to
these destructive factors, rangeland for sorry was neglected during the years of Israeli
occupation which led to increase the pressure of grazing since the number of sheep and
goats was increased per area. The number of threatened plants in West Bank almost
become 569 species according to Al-Sheikh and Qumsiyeh (2021). As a result, vegetation
cover was almost disappeared, vegetation productivity was mightily decreased, presence
of unwanted and poisonous plant species over beneficial ones, and so the soil was eroded
which in turn led to desertification in those rangelands (Mohammad, 2005; Salama and Al-
joaba, 2008). This retrogression in range condition caused lack in animal feed sources and
quality, and hence reduction in meat production and increasing the cost of importing
feedstuffs.

The chemical composition, which is the starting point for determining the nutritive value
of feed, differs with different species, environmental conditions, soil characteristics and
composition, and the plant growth rate (Davis, 1981; Jehanger et al., 1986; Augusto et al.,
2017; Guessous, 2019; Neina, 2019; Sagala et al., 2020; Zemene et al., 2020; Wada et al.,
2023).

The nutritive value of some forages in global rangeland still unknown (Kazemi, 2021).
Few studies were conducted in Palestine about the rangeland vegetation. A study found

that the amount of forage production (dry matter) in eastern slopes of the West Bank is
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about 60 Kg/dunum (Braighith, 1995). While Mohammad (2000 and 2005) in his two
experiments carried about range production and range botanical composition in southern
parts of West Bank mentioned a low vegetation productivity as it ranged between 71 to 98
Kg/dunum, whereas total plant cover percentage reached from 54% to 83% most of them
were unpalatable plant species. The following plants are among dominant palatable
species in Palestinian rangeland at eastern slopes according to Mohammad (2000 and
2005): H. spontaneum, A. sativa, M. orbicularis, O. crista-galli, A. palaestina, T. stellatum
and S. alba.

Range improvement and development is an urgent need because of its social, economic,
and environmental impacts (Abdo, 2005; Mohammad, 2005). Many years ago, and since
the establishment of Palestinian National Authority, more attention has been directed
towards the improvement of rangeland conditions (Baumgarten-Sharon, 2017). Several
attempts had been done to rehabilitate the rangeland by setting polices, strategies and
implementation of some local projects (Abdo, 2005). There is a keen need for building up

a data base on rangeland components for proper managements (Mohammad, 2005).

Many important lands and plant species were exposed to extinction and soil became
eroded which resulted in decreasing vegetation cover and so productivity, that made forage
provided by rangeland support livestock for just a few months (Mohammad, 2005; Salama
and Al-joaba, 2008). This condition was resulted as a consequence of ignorance to

improve and maintain rangeland.

In West Bank rangeland, the basic information about the different range plant
characteristics (morphology, physiology, chemical composition, etc.) is still lacking and
the nutritive value of these herbaceous plants dominate in our rangeland are very limited
(Abdo, 2005). Unfortunately, there is no reliable data available about the productivity and
the vegetation type of rangeland in Palestine (Mohammad, 2000). As a result, it is
necessary to study the nutritive value of these plants and to make a comparison between
them in order to encourage the implantation and natural scattering of the most suitable
plants under our conditions. Studying the nutritive value of these plant is essential for
establishing suitable recommendations about the plants that meet the needs of livestock on

the range, and to make a proper supplementation program. These, finally, should leads to
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increase livestock productivity and decrease the cost of production through improving the

management of rangeland.

This study will be the first step in evaluating the nutritive status of the local rangelands,
that will help the animal nutritionist in determining the degree of feed nutrients available
from the rangeland and to determine the kind and amount of nutrients that should be

supplemented to the animals in different seasons to meet their nutrient requirements.
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Objectives

The major objective of this study was to evaluate the chemical composition of some
dominant rangeland plants, which include: Grasses: (H. spontaneum and A. sativa)

and, Forbs: (M. orbicularis, O. crista-galli, A. palaestina, T. stellatum, S. alba).
The detailed objectives were:

1. To study the change in chemical composition of dominant range plant through
growing season (early spring) and maturation stage (early summer).

2. To evaluate the chemical composition of plant parts (leaves, stems and RP) in both
seasons.

3. To compare nutritive value between species under investigation.
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Chapter One Literature Review

1.1 Natural vegetation in Palestine

Palestine territories, in its present condition, is divided into two distinct regions covering a
total area around 6,065 km?2. West Bank covers 5,700 km?, while Gaza Strip, which is
smaller, covers only 365 km? (Isaac and Gasteyer, 1995). In West Bank, there are four
different ecological and climatic regions: The Jordan valley region, of low rainfall (100-300
mm annually); the Eastern Slopes, receiving moderate rainfall (200-400 mm); the Central
Highlands that averaging relatively high rainfall about 650 mm; and the Semi Coastal
region, receiving relatively high rainfall, around 500 mm (Ghodieh, 2022).

West Bank is affected by the Mediterranean climate due to its geographical location
(Shadeed et al., 2020). The rainy season in West Bank would last for 5 to 6 months, starting
from October to the end of May. The precipitation in West Bank decrease from north to
south and from west to east (ARIJ, 1997). Most of the rangeland in Palestine are semi-arid
with low rainfall, ranging between 153-698 mm annually (Shadeed et al., 2020). According
to this climatic and topographic variation in Palestine in general and in West Bank in
particular, there is a magnificent diversity in the vegetation cover of rangeland which
provide a dietary resource for livestock since it holds a high nutritive value (Chebli et al.,
2021). Thus, in Palestine, rangeland differs in nature, type, and density from one region to
another, according to the area’s environmental conditions (Mohammad, 2005; Al-joaba,

2006).

1.1.1 Rangeland in Palestine

As previously mentioned, in Palestine, there are a lot of diverse plant species that belong to
several important families, because of its environmental diversity (Mohammad, 2005;
Baumgarten-Sharon, 2017; Qumsiyeh and Abusarhan, 2021). Rangeland, or the so called;
grazing areas, in Palestine is estimated at 2,180,000 dunums, which makes up nearly one
third of the area of Palestine (Mohammad, 2009). Most of rangeland areas are mainly
located at eastern slopes (ARIJ, 1994; Mohammad, 2000; Abdo, 2005). According to
Braighith (1998), the total designated area as rangeland in West Bank is about 2,180,000
dunum, however, until 1998, only 700,000 dunum was reachable for Palestinian, since the
rest was under the Israeli occupation. Most of rangeland area is used first and foremost for

communal grazing of sheep and goats (Mohammad, 2000).
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Chapter One Literature Review

1.1.2 Importance of rangeland vegetation to livestock

World food demand is increasing, consequently, the importance of rangelands which in
turn provide human food is increasing too (Palmer, 2017). Rangelands make up about 70%
of global land area that contribute by 16% of food production (FAO, 2010; Holechek,
2013). Rangelands in arid and semi-arid areas of the glob provide primary products of
grass, forbs, legumes and shrubs which are converted to animal protein (IFAD, 2000).
Livestock productivity in rangelands is very important to the pastoral societies in the third
world countries (Holechek et al., 2017; Getaneh et al., 2019), they provide the local people
many ecosystem services for thousands of years (Roces-Diaz et al., 2021). Mayland and
Shewmaker (2001) in their research found that forage is the main source of consumed
mineral elements that have mineral nutrients exceeding animal requirements; nearly all
mineral elements can adversely affect an animal if included at low levels in the diet. In the
dry seasons, poor performance of ruminant is due to the protein, energy, minerals and
phosphorus deficiency (Msangi and Hardesty, 1993). Rangelands in general play other
important roles; they represent wildlife habitats, conservation of species, water catchments
areas, genetic resources, and aesthetic values (West, 1993; Harris, 2000; Ren and Hu,
2022). Palestinian rangelands used to be the main source of livestock feeds, which hold a
high nutritive value (ARIJ, 1997; Al-Joaba, 2006; Salama and Aljoaba, 2008).

Unfortunately, the decreasing of rangeland production also affects livestock productivity.
Thus, Palestinian rangeland production covers about 14% of the livestock feeding needs
only, and the rest has to be purchased by livestock owners at high costs from the market
(Abu Omar, 1997; Mohammad, 2000; Abdo, 2005; Mohammad, 2005). According to Isaac
and Hrimat (2007), about 1,700 tons of animal feeds were supplied by Palestinian
rangeland which is a small amount of livestock feed requirements. The carrying capacity of
sheep and goats at eastern slopes is limited depending on rainfall intensity while more than
150,000 heads are grazing in that area (Alataweneh, 2013). The cost of feeding constitutes
about 70% of the total operating costs in the livestock farms (Baumgarten-Sharon, 2017).

Hence, the less the percentage rangeland covers of livestock’s feeding.
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Chapter One Literature Review

1.2 Livestock feed requirements

All animals require a daily supply of food to maintain their life, body structures, functions,
pregnancy and growth (Holechek, et al., 1995; Rotta et al., 2023). Continuous supply of
energy, protein, fat, fibers beside minerals is important to livestock health (Capstaff and
Miller, 2018). Any deficiency in any element will badly influence the diet of ruminant
(Ammerman and Goodrich, 1983; Msangi and Hardesty, 1993; Ruckle et al., 2017).

Range livestock require (7-9%) of crude protein for maintenance and (10-12%) for
lactation (Holechek et al., 1989). Protein is the most limiting factor to range animal
production. It is composed of chains of amino acids that contain nitrogen as well as carbon,
hydrogen, and oxygen. Protein provides many functions in animal body, it is important as
enzyme that powers many chemical reactions, hormones, anti-bodies against diseases,
agent for transport and storage of nutrients within the body. Protein is the principal
constituent of organs and skin of animals although it cannot be stored by animal body like
minerals, so continuous supply is required (Holechek and Herbel, 1986; Grando et al.,
2005). The microbial activity in the rumen will be depressed if crude protein is provided at
low levels, also digestibility and intake of protein will be reduced (Msangi and Hardesty,
1993; Grando et al., 2005; Reynal and Broderick, 2005, Zhao et al., 2019). Extreme
deficiency results in severe digestive disturbances, anemia, loss of weights and reduces

immunity against diseases (NRC, 1985).

Animal takes its requirements of dietary fibers (crude fibers, acid detergent fibers and
neutral detergent fibers) through digestible and indigestible fraction of feed, fibers are
slowly digested matters that occupy a space in ruminant intestine (Mertens, 1997). ADF
represents the least digestible fiber part of feed, it contains (cellulose, lignin and cutin), it
reduces the energy consumption as its amount increases in animals’ digestive system, also,
when the levels of ADF increases, voluntary consumption of forages will decline too
(Sharpe and Sharpe, 2019). NDF is made up of four main chemical components (ADF +
hemicellulose), quantitatively the largest, cellulose and hemicelluloses are potentially
digestible, and the other main components of NDF are lignin and cutin (Ahamefule, et al.

2006). NDF content of forage is important measurement because they provide an estimate
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Chapter One Literature Review

of digestibility (Ahamefule, et al. 2006). Dietary Fibers play important roles in balancing
the nutrient requirements and regulating the intake of animal, supplying energy to support
maintenance, growth, lactation and reproduction (Lu et al., 2005). The amounts of fibers in
plants frequently increase with maturity (Hussain and Durrani, 2009). In general, grasses
have higher NDF levels than legumes (Hummel et al., 2006).

Around 40% of CF is required for ruminants to provide excellent intake (Robinson, 1999).
About 41% of NDF and from 18 to 20% of ADF is adequate for goats for high production
of lactation, and about 23% of ADF is recommended for growing goats. It is not good for
livestock to eat fibers over its needs, increasing the level of fibers may slow the growing
rates and decreased chemical fats (Lu et al., 2005).

Knowing the concentrations of plant elements is essential for analyzing their nutritional
content (Khan et al., 2022). Phosphorus and Calcium are important for animal maintenance
and development of skeletal system, P and Ca loss may result in abnormal bone
development (NRC, 1985). Rumen needs (0.15-0.2%) of P for maintenance, while (0.25-
0.3%) for lactation (NRC, 1985; Holechek, et al., 1989; Catling et al., 1994; Ganskopp and
Bohnert, 2001). Nearly 0.2% of Ca is needed for animal maintenance and about 0.35 % for
lactation (NRC, 1985).

Beside P and Ca, Mg is considered as important mineral for building bones (NRC, 1985). It
is necessary for many enzymes and nervous systems (Underwood, 1981; Ammerman and
Goodrich, 1983). Tetany and loss of appetite are the major signs of magnesium deficiency
(Underwood, 1981; Schonewille et al., 2005). Ammerman et al., (1971) reported that at
minimum 0.33% of Mg is to be supplied in animal food to prevent magnesium deficiency.
Most of cereal grains are rich enough of magnesium, varying from (0.13 - 0.22%) of Mg
(NRC, 1982).

K sorted as important mineral as well as the others for animal growth. It aids in activating
several enzyme systems, protein synthesis and carbohydrate metabolism. K is essential for
ruminant skin and muscles (Underwood, 1981). For animal diets, no more than 0.5% of K
is required. In most grains, K content is (0.4-1%). Under most feeding conditions, K

deficiency is rarely occurred (NRC, 1985).

Na serves many functions in animal body. It maintains osmotic pressure, controls water

metabolism in tissues and regulates acid-base balance (Underwood, 1981). McClymont et
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al. (1957) concluded that Na requirement should be greater than 0.06% in the animal diet.
While Delvin and Roberts (1963) estimated Na requirements for lamb’s maintenance to be
0.18%. The signs of deficiency like declining in milk or plasma concentration will not

appear until reaching extreme deficiency (Underwood, 1981).

In Palestine, during summer and autumn, when animal feed is in shortage in its quality and
quantity, farmers have to provide livestock with commercial supplements in order to meet
their minimum nutritional needs. Which makes ranching costly. Usually, the supplements
used contain about 18% of crude protein, 3.5% fat, 7% fibers and many other nutrients
(Hamidin Co.).

1.3 Species under investigation

Palestinian rangelands are rich in diverse forages, which can adapt with arid and semi-arid
environments. The selected plant species were chosen according to Mohammad (2000 and
2005) and Al-joaba (2006) results, since they identified them as herbaceous dominant
rangeland plants at southern parts of Eastern Slopes of West Bank. Beside information
collected from local well-skilled farmers who confirmed the selection of these dominant
species. In general, the favorable characteristics of the species include its ability to
establish naturally in the rangeland, having wide environmental tolerance and high growth
rate with the ability to produce large biomass quantities (George et al., 2007). In addition,
plant species should be highly palatable with acceptable digestibility and free from toxins.
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1.3.1  Wild barley (Hordeum spontaneum) (g s&)

H. spontaneum is commonly known as wild barley (Figure 1), from Gramineae family, it is
a tall annual rain-fed grass that grows in wide range of habitats in the eastern
Mediterranean and Southwest Asia as feed for small ruminants (Grando et al., 2005).
Palestine is the primary and secondary habitat of barley in general (Nevo, 1992). Wild
barley is adapted to highly diverse environments throughout its geographical distribution
(Bedada et al., 2014). Further study was investigated the protein content of H.
spontaneum’s grains, it revealed a value ranged from 10 to 17% (Quindi et al., 2004).
Crude fiber ranges from 6.5 to 6.6%, NDF from 27.25 to 28%, ADF from 7.7-7.8% and
crude ash from 2.33 to 2.35% (Yasar and Tosun, 2018). For macronutrients of Hordeum
sp., Ca content ranges from 0.019 to 0.098 %, while for K ranges from 0.035 to 0.077%,
Mg from 0.1 to 0.2%, Na from 0.0056 to 0.063% and P from 0.23 to 0.54% (Gyawali et al.,
2019).

Figure 1: Wild barley; H. spontaneum. (Photo by author)
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1.3.2  Oat (Avens sativa) (¢ Os)

It is a tall annual grass from Gramineae family (Boczkowska et al., 2014), with a height
range from 40-80 cm, flowering early from April to June (Figure 2). A. sativa is adapted
with diverse environments since it tolerates different soil types, altitudes and rainfall
variations (Ahmad et al., 2011). The ruminants like it due to its high palatability, energy

richness, succulent and softness properties (Shah et al., 2015).

A. sativa is one of the essential crops of the glob (Coelho et al., 2020; Ibrahim et al., 2020).
It is known as a nutritious crop, which is rich in protein and important minerals (Singh and
Belkheir, 2013). Many researchers studied protein content of A. sativa under different
environmental conditions (Niu et al., 2007; Mut et al., 2016; Gracia et al., 2017; Bityutskii
et al., 2020; Ibrahim et al., 2020), a relatively high crude protein content was revealed, it
was nearly ranged from 11% to 19%. Furthermore, a study was conducted in Turkey and
showed Avena’s ADF and NDF contents varied from 13.56 to 18.54% and 31.35 to
37.57%, respectively, and fat content from 3.1 to 6.37% (Mut et al., 2016).

Figure 2: Oat; A. sativa. (Photo by author)
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1.3.3 Alfalfa (Medicago orbicularis) (=11 53:3)

It is annual herbaceous, self-reseeding forage, from Leguminosae family (Porqueddu, 2001,
Fourquin et al., 2013) (Figure 3). Medicago species were used as animal feed due to its
palatability and high feeding quality including high protein and digestible fiber content
(Chebouti et al., 2000; Porqueddu, 2001; Hidosa and Kibret, 2021). In general, Medicago
sp. is able to fix atmospheric nitrogen with soil with deep root system that gave drought
tolerance forage (Werner et al., 2015; Mitchell, 2019). Medicago sp. contributes to planet’s
food security and rangeland’s sustainable management at global level (Djedid et al., 2021).
CP for Medicago sp. was analyzed; it ranged from 18 to 25% based on dry matters, while
NDF ranged from 49.03 to 59.03%, ADF from 35.18 to 43.18% and ash content from 8.29
to 10.27% (Hidosa and Kibret, 2021). According to Kazemi and Valizadeh, (2019), the CP

content regarding to the whole plant content for Medicago sp. was 24.95%.

Another research studied the chemical composition of Medicago varieties at growing stage
and maturation in Mediterranean region, the CP at growing season was ranged from 25.8 to
30.6%, NDF from 15.5 to 27.1% and ADF from 10.1 to 19.6%. At maturation stage, CP
was decreased, it ranged from 14.8 to 24.2%, NDF and ADF were obviously decreased,
NDF was ranged from 61.2 to 85.5%, whereas ADF from 36.2 to 77.5% (Porqueddu,
2001).

/\
!

7?

Figure 1: Alfalfa; M. orbicularis. (Photo by author)
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1.3.4 Sainfoin (Onobryches crista-galli) (os3)

It is an annual forage legume belongs to Fabaceae (Leguminosae) family (Figure 4),
naturally grows in rangeland from Mediterranean to central Asia with a drought tolerance
possibility. Sainfoin is the common name of Onobryches sp. (Carbonero et al., 2011;
Ghanavati, 2012; kavandi et al., 2018). Sainfoin improves soil quality through deep root
system as many legumes do (Yildiz and Ekiz, 2014; Kavandi et al., 2018). It is preferred by
animals due to its palatability. Sheep and goats were being attracted to this kind of forage
rather than grasses, they are safely consumed large quantities of sainfoin without being
bloated. Hence, young animals grow fast and easily gain weight through feeding process
(Carbonero et al., 2011). The chemical composition of Onobryches sp. was studied by
many researchers. Kaplan (2011) on his study on Onobryches viciaefolia found that CP
was ranged from 11.39 to 17.70%, NDF from 43.31 to 47.64% and ADF from 35.61 to
43.30%. Furthermore, Kocak et al. (2011) found a high protein content in Onobryches

viciaefolia seeds which grown in Turkey, CP was 37.2%.

Figure 2: Sainfoin; O. crista-galli. (Photo by author)
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1.3.5 Palestine chamomile (Anthemis palaestina) (uasl o) sa8)

A. palaestina (Figure 5) is herbaceous forage grown in Palestine as animal feed (Salama
and Aljoaba, 2008). It is belonging to Asteraceae family (Hatami et al., 2022). In general,
Anthemis sp. is a Mediterranean plant that has aromatic traits (Alizadeh and Jafari, 2016;
Orlando et al., 2019) and used as source of antioxidants (Hassanpour et al., 2021). Many
studies have conducted the chemical composition of Anthemis sp. especially on oil
extraction (Tawaha et al., 2015; Al-Snafi, 2016; Bursal et al., 2021). Chebli et al. (2021) in
their study mentioned the chemical composition of Anthemis sp., they found that CP was
decreased from 15.6% during spring to 7.83% in summer, NDF slightly increased from

51.7% to 56.8% and ADF increased from 46.3% to 63.1% between spring and summer.

Figure 3: Palestine chamomile; A. palaestina. (Photo by author)

Page | 15



Chapter One Literature Review

1.3.6 Starry clover (Trifolium stellatum) (4l

T. stellatum is herbaceous, annual and highly palatable forage species (Sayar et al., 2015)
(Figure 6). It belongs to Leguminosae family (Papilionaceae) (Mahmoudi et al., 2021). It is
distributed in temperate regions and used as feed crop for range animals in Mediterranean
areas due to its highly nutritious content such as protein and minerals (Lamont et al., 2001;
Sabudak and Guler, 2009; Kamalak and Canbolat, 2010). Trifolium sp. is a nitrogen fixer
as any leguminous species which improve the quality of rangeland soil (Lamont et al.,
2001). T. stellatum knows as starry clover. Crude protein and ADF were tested in a study
conducted in Spain on some Trifolium species, it was 13.4% based on dry matters, whereas
ADF was 30.2% at flowering stage (Lloveras and Iglesias, 2001). Ertiken (2021) in his
study carried out in Turkey to make a comparison of nutritive value of some Mediterranean
clover species and found that CP ranged from 18.47 to 22.05%, NDF from 33.95 to 49.80%
and ADF from 21.32 to 34.28% based on dry matters.

Figure 4: Starry clover; T. stellatum. (Photo by author)
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1.3.7 Yellow mustard (Sinabis alba) (sial J13)

S. alba (Figure 7) or commonly known as yellow mustard, is an annual forage crop from
Cruciferae family, which grow in Mediterranean regions (Mitrovic et al., 2020). It is used
as forage for range animals (Kristic et al., 2010) for its high protein and energy content, S.
alba tolerates heat and drought, also resists many diseases such as blacking disease
(Slominski et al., 1999). Some researches study the chemical composition of S. alba,
Damian (2014) mentioned a relatively high protein content of S. alba seeds. Another study
analyzed the chemical composition of mustards seeds, CP were found 37.5%, ash content
5.4% and Ca content were 0.66% based on DM (Slominski et al., 1999).

Figure 5: Yellow mustard; S. alba. (Photo by author)
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1.4 Chemical composition of rangeland plants

Rangeland plants composed of nutritive and chemical compounds that maintain animal’s
life, these components are protein, fats, carbohydrates, fibers, minerals, water and vitamins
(Holechek et al., 1989; Ruckle et al., 2017). Chemical composition of forage differs with
different factors such as plant species, plant parts, morphological and phenological traits,
stage of maturity (seasonal variations), environmental conditions, soil characteristics and
composition (edaphic factors) (Jehanger, 1986; Porqueddu, 2001; Augusto et al., 2017;
Guessous, 2019; Zemene et al., 2020; Chebli et al., 2021; Wada et al., 2023).

1.5 Factors affecting the chemical composition of rangeland plants
1.5.1 Plant species

Range plants (grass, legumes or shrubs) varies in composition and nutritive content among
life form (Ganskopp and Bohnert, 2001; Tuna, 2004; Distel et al., 2005; Arzani et al.,
2006). In general, forbs showed higher CP and lower ADF, NDF and CF than grasses
(Tuna, 2004; Arzani et al., 2006). Barnes et al. (1990) found a significant difference in

mineral concentrations between three plant groups (grasses, forbs and shrubs).

The nutritive value also varies between species, Warly et al. (2005) proved that the
chemical composition of seven grass species were differed among species, the CP were

ranged from 6.6 to 16.2% in the rainy season, and from 8.7 to 12% in dry season.

1.5.2 Plant part

The nutritive value of herbaceous plants differs among plant parts (stem, leaf, fruit, seed,
root, ... etc.). Plenty of studies have made their researches on herbaceous plant parts at
different seasons (Buxton et al., 1985; Holechek, et al., 1989; Rumbaugh et al., 1993;
Gintzburger et al., 2000; Lloveras and lglesias, 2001; Zeng et al., 2017; Butkute et al.,
2018; Prinsi et al., 2019).
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Leaves of some forage contain two to three folds of CP more than stems, while the last
have more crude fibers at the same stage of maturity. Chemical composition of leaves and
stems changes with advancing maturity, but the change is more rapid in stems (Mowat et
al., 1965). Leaves of grasses have more protein content than fruits and stems during
growing stage (Holechek, et al., 1989; Rumbaugh et al., 1993; Gintzburger et al., 2000),
whereas, at maturation stage, CP in fruits is more than leaves and stems. It could be
explained as the process of nutrient translocation from leaves and stems to crowns when
plant becomes mature (Gintzburger et al., 2000). Holechek, et al. (1989) in his study
indicated that fat content in vegetative part of plant was more than seeds. A study made by
El-Shantawi and Ereifej (2001) on the chemical composition of carob pods and seeds, it
was found that CP in carob pods was 6.8%, whereas in seeds reached 16.7% at the same
stage, crude fiber it was 9.1% and 11.5% in seeds, crude fat was 1.2% in pods and 2.9% in
seeds and another variation in Ca and P content were found. Red clover stems had greater
DM concentration than did leaves until flowering (Buxton et al., 1985).

In rangeland, there are a quality difference between stems and leaves, so under some
grazing condition, it was provided that the animal prefers to eat the leaf part, because it
cares about the leaf fraction quality and quantity more than the total forage according to
Minson (1983) study. Also, Oelberg, 1956 mentioned the selectivity of sheep and goats

when grazing in rangelands.

Grazing animals prefer the forages richer in CP, sugar and digestive organic matter content
and poorer in NDF. Selectivity is limited when the pasture is dense and uniform, in

contrast, it increased when heterogeneity of forages is available (Pulina et al., 2013).

1.5.3 Season (Growth stage)

Nutritive value of most forage rangeland extremely varies among seasons. Many studies
mentioned the decrease in CP, crude fats and phosphorus contents towards stage of
maturity, while a noticeable increase in DM, fiber content and some minerals (Droushiotis
and Wilman, 1987; Long et al., 1999; Ayed et al., 2001; EI-Shantawi and Ereifej, 2001,
Lloveras and Iglesias, 2001; El-Shantawi et al., 2004; Gulsen et al., 2004; Kamalak et al.,
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2005; Mountousis et al., 2008; Abusuwar and Ahmed, 2010; Chebli et al., 2021). When
plants reach maturation, their tissue growth decreased, that what makes protein and other
nutrients to decline (Ismail et al., 2014). El-Shantawi et al. (2004) asserted that growth
stage significantly affects the protein content of grasses where the crude protein content
decreases with advancing maturity as it declined from 25 to 2.5%. As well, Droushiotis and
Wilman (1987) stated that the crude protein content of H. spontaneum shoots was
decreased to 20-30% at the tillering stage. Whitman et al., (1951) in their study mentioned
that the native and tame grasses of western North Dakota lose about 71% of their protein
till growth stage. During dry season, annual grass lost about 75% of their protein and up to
52% of phosphorus (El-Shantawi and Ereifej, 2001). In general, the nutritional condition in
rangeland changed from season to another depending on rainfall intensity received at that
time (Ismail et al., 2014).

1.5.4 Environmental factors

Chemical composition of plants is affected by abiotic environmental factors such as
climate, topography (Altitude, slope and slope aspect) and soil characteristics (Mohammad,
2008; Guessous, 2019; Zemene et al., 2020; Chebli et al., 2021). Realizing the nutritive
value of our selected dominant rangeland plants at different seasons, locations and
environmental conditions will help the animal nutritionist determining the degree of feed
nutrients available from the rangeland, and to determine the amount of nutrients that should

be supplemented to the animals in different seasons to meet their nutrient requirements.
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2.1 Study site

Bani Na’im rangeland also called Al Masafer is located at eastern slopes of the West
Bank, (15) Km east from Hebron city (Al-Seikh, 2006). The geographical position is 35.1
E and 31.4 N (GIS, 2023). It is covering an area of mountainous topography of about 45
hectares with elevation ranges from 596 to 704 m above sea level (GIS, 2023). This area
was classified as semi-arid rangelands (Mohammad, 2008). It is in the rain shadow, with
average rainfall 250-300 mm, most of rain fall with high intensity in short time. The soil
bedrock is calcareous (limestone or hard chalk) with shallow soil (Al-Seikh, 2006). The
site used for many years as grazing lands, it is characterized by thin vegetation cover and
low productivity due to overgrazing which led to soil erosion and land degradation
(Mohammad, 2005; Al-joaba, 2006; Al-Seikh, 2006). The study area was surrounded by a

fence and grazing was prohibited during the study period.

2.2 Samples collection and preparation

Samples of grasses and forbs were randomly collected at ground level from Bani Na’im
site (Figure 8), during early spring 17" March 2020 at vegetative growing stage and early
summer 20" June 2020 when plants become mature. Three representative samples from
each plant species were collected from 3 different niches as replicates from the rangeland
during each study season. Samples were separated to stems, leaves and fruits (productive
parts). Samples were placed separately in labeled paper bags. Fresh and dry weight were
recorded, samples were prepared for chemical analysis which include: Moisture content

(MC), CP, CFt, CF, ash, NDF, ADF and minerals (Ca, Mg, K, Na, P and N).

S e

Figure 6: Collecting samples from Bani Na'im site
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2.3 Selected rangeland plants

Seven rangeland plant species were selected for this study as illustrated in Table (1) which

shows the visual observation of plant species, their scientific and common name, plant

group, growth form, palatability and stage of growth at sampling time.

Table 1: The rangeland plant species under investigation.

Q Q = 2
< Q o E o Q o = &0 o = Q
2|3 3 ] s £ g % |8 g 3
1 wild H. Gramineae Early N
Palatable - Fruiting
fai barley spontaneum (grasses) fruiting
3 Gramineae Highl earl
3 Oat A. sativa Iy “y Fruiting
x (grasses) palatable fruiting
9
f]g M. Leguminosae Early ]
= Alfalfa ) ) Palatable ] Seeding
3% orbicularis (forbs) flowering
) Early
- . O. crista- Fabaceae i _
7 Sainfoin ) Palatable flowering | Seeding
3 galli (forbs) .
& fruiting
; Palestine ) Asteraceae Early .
B | A palaestina Palatable i Fruiting
’1 chamomile (forbs) flowering
Starry Leguminosae Highly Early -
3 T. stellatum ] Fruiting
: clover (forbs) palatable flowering
. Earl
f\ Yellow Cruciferae y -
B S. alba palatable flowering | Fruiting
'i mustard (forbs) -
: & fruiting
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2.4 Chemical analysis

Samples were grounded in a Wiley mill and stored in sealed jars for chemical analysis
(AOAC, 1990). Chemical analysis was conducted on a dry matter basis. Crude protein was
determined by estimating nitrogen (N) content using Kjeldahl procedure. Nitrogen levels
were multiplied by 6.25 and expressed as CP (AOAC, 1990). Crude fibers, ADF and NDF
were estimated according to AOAC (1990) and Van Soest (1991). Soxhlet extraction
method were used to derive CF (AOAC, 1990), samples were ashed at 550 °C in muffle
furnace for 8 hrs. P content was determined by using spectrophotometer device (Milton
Roy Spectronic 1201) (Barnes, et al., 1990; EL-Shatnawi & Ereifej, 2001). Ca, Mg, K and
Na concentrations were determined with an atomic absorption spectrophotometer device
(Perkin Elmer/ A Analyst 100) (AOAC, 1990; Estefan et al, 2013). All chemical analysis

were conducted at Hebron University labs.

2.5 Statistical analysis

CRD with 3 replicates was used to compare the nutrient content of the seven plant species
at each growing season (early spring and early summer). The difference between plant
parts, plant species and difference among seasons were analyzed by using IBM SPSS

statistics 21 analytical program with significance set at P<0.05.
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3.1 Dry matter content
3.1.1 Dry matter content between plant parts

Nearly, in spring, there is a significant difference in dry matter content (DM) between
plant parts for most plant species except for S. alba (Table 2), the DM in fruits were the
highest compared to other part except in A. sativa and A. palaestina. The smallest value of
DM was 6.17% in the stems of O. crista-galli while DM highest value (30.10%) was
found in M. orbicularis fruit. However, in summer, leaves are significantly (P<0.05) the
lowest in DM content for most plant species. For example, leaves of H. spontaneum had
89.37% DM, also leaves of S. alba had 88.17% DM.

3.1.2 Dry matter content between plant species

There is a high significant difference (P<0.05) in DM content between plant species with
no appeared trend between grasses and forbs during early stage of growth (Table 3). A.
palaestina had the highest value (36% DM), while O. crista-galli is the lowest in DM
content (8.5%) . On the other hand, at maturation, A. sativa is significantly (P<0.05) the
highest DM percentage (92.7%), while T. stellatum showed significantly lower DM
percentage (80.93%) compared with other plant species (Table 3). The results showed also

that grasses have higher DM percentage during maturation than most of forb species.

3.1.3 Dry matter content among seasons

DM increases with advancing maturity. The DM content of all plant parts (stems, leaves
and fruits) for all plant species is significantly (P<0.05) have higher values during the
summer season than spring (Table 2). In summer, DM content were ranged from (80.93 -
96.33) %, fruits of A. palaestina was the highest, whereas in spring from (6.17 - 36.00) %,

the highest wvalue was found in A, palaestina leaves (Table 2).
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Table 2: Chemical composition of plant species showing plant parts (stem, leaf and RP) during spring and summer based on dry
matters.

Plant Plant Part % Dry Matters % Ash % Crude Protein % Crude Fat
Species Spring Summer Spring Summer Spring Summer Spring Summer

20.47 B*ab** 94.60 Aa 13.39 Ab 9.60 Bb 1210 Ac 4.48 Bc 3.54Ab 0.56 Bb

stem
Hordium leaf 18.63 Bbc 89.37 Ac 2214 Aa 12.35Ba 18.67 Aa 6.60 Bb 3.44 Ac 0.46 Bc

spntaneum
p RP 23.83Ba 92.97 Ab 6.99 Ac 5.57 Bc 14.91 Ab 9.87 Ba 2.58Aa 1.33Ba
stem 24.50 Bb 93.00 Ab 9.03Ab 8.33Bb 10.98 Ab 6.28 Bc 237 Ab 0.68 Bc
A. sativa leaf 29.27Ba 92.70 Ab 12.53Ba 13.60 Aa 2278 Aa 7.68 Bb 3.77 Aa 1.66 Ba
RP 22.03Bb 96.03 Aa 3.73Bc 5.51Ac 12.03 Ab 8.98 Ba 219 Ac 1.25Bb
stem 18.23Bb 96.00 Aa 8.87 Aa 7.47 Bb 16.16 Ab 6.93 B 229 Ac 1.10 Bc
b 'M'I ) leaf 31.10Ba 81.63 Ab 6.01Bb 9.75 Aa 28.61Aa 12.06 Bb 279 Ab 1.76 Bb
orbicularis

RP 30.10Ba 94.67 Aa 6.32Ab 6.49 Ac 2514 Aa 21.68Ba 5.95Aa 2.74Ba
6.17 Bb 9137 Aa 22.54Ab 12.52Bb 14.21 Ab 5.56 Bc 2.57 Ac 0.06 Bc

stem
O.cr ’;fa' leaf 8.50 Bb 86.63 Ab 2632 Aa 30.48 Aa 18.82 Aa 9.08 Bb 2.74 Ab 0.64 Bb

alli
g RP 18.83 Ba 85.80 Ab 11.88 Ac 8.67 Bc 20.26 Aa 20.02 Aa 5.87 Aa 419Ba
stem 35.53Ba 93.80 Aa 12.72 Ab 6.32 Bc 10.09 Ab 4.23Bc 214 Ac 0.49 Bc
A. palaestina leaf 36.00 Ba 83.57 Ab 14.69 Aa 1033 Ba 18.43 Aa 13.83 Ba 7.36Aa 5.91Ba
RP 28.60 Bb 9633 Aa 9.80 Ac 7.518Bb 17.52 Aa 11.38 Bb 3.84Ab 1.37Bb
stem 18.47 Bb 9130 Aa 13.06 Aa 6.53Bb 13.96 Ac 4.84 Bc 4.69 Aa 2.95 Bc
28.77Ba 80.93 Ab 11.85 Ba 15.69 Aa 28.34Aa 10.38 Bb 3.98 Ab 3.68Ba
ea

RP 27.53Ba 90.23 Aa 712 Ab 5.37Bc 22.79 Ab 18.69 Ba 236 Ac 3.298Bb
stem 22.70Ba 93.93Aa 917 Ab 5.29 Bc 12.27 Ac 6.50 Bc 3092 Aa 12.77 Ba
leaf 23.40 Ba 88.17 Ac 17.30 Aa 5.70 Bb 2412 Ab 8.24Bb 3.75Ac 0.74 B
RP 23.13Ba 91.93 Ab 8.50 Ab 6.65Ba 2830 Aa 13.85Ba 10.18 Ab 3.708Bb

*Means in the same row for same parts of each species for same parameter with different capital letters are significantly different according to
HSD test at P<0.05.

**Means in the same column for same species with different small letters are significantly different according to HSD test at P<0.05.
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Table 3: Chemical composition of plant species (leaf part) during spring and summer based on dry matters.
: % Crude
% Dry Matters % Ash % Protein % Crude Fat /(1):'ibers % ADF % NDF

Plant = = = = = = =

. o0 L o0 ) o0 ) o0 SB) o0 ) o0 ) o0 )

species E g E é é E E g é g é é é é

73 5 & 5 7 =5 & =5 7 5 & 5 & 5

wn %] %] %] %] w w
H. 18.63c* | 89.37ab | 22.14b | 1235d | 1867d 6.60 f 3.44d 046g | 26.86c | 33.94c | 3401ab | 4357c | 3397cd | 52.18d

spontaneum
A. sativa 2927b | 9270a | 12.53de | 1360c | 22.78bc | 7.68e 377 ¢ 166d | 29.56b | 34.09c | 2456ab | 44.52b | 56.44a | 64.10b
,M' | 31.10ab | 81.63d 6.01f | 975f | 2861a | 1206b | 2.79e 176c¢ | 2056d | 26.21d | 36.29a | 41.74d | 52.80a | 55.58¢
orbicularis
0. cr 1;@- 850d | 86.63bcd | 2632a | 3048a | 18.82cd | 9.08d 274f | 064f | 3228a | 4408b | 2202b | 3190e | 2961de | 3538¢
galli
A ) 3600a | 8357cd | 1469d | 1033e | 1843d | 13.83a | 7.36a 591a | 17.69e | 21.99f | 24.22ab | 2884f | 2658e | 35.83fg
palaestina

T stellatum | 2877b | 8093e | 1185e | 1569b | 2834a | 1038c | 3.98b 368b | 21.59d | 2337 | 2405ab | 2660g | 39.82b | 5067e
S. alba 2340c | 8817abc | 17.30c | 570g | 2412b | 824de | 3.75c¢ 0.74e | 29.10b | 47.12a | 23.06ab | 48.49a | 3583bc | 66.44a

* Means in the same column for same species with different small letters are significantly different according to HSD test at P<0.05
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3.2 Ash content

3.2.1 Ash content between plant parts

In grasses (H. spontaneum and A. sativa), there was a highly significant difference (P<0.05)
in ash content between those plant parts. As it shown in (Table 2), leaves of H. spontaneum
and A. sativa have the highest value (22.14% and 12.53%) in spring and (12.35% and
13.60%) in summer comparing to stems and fruits.

For forbs, leaves of O. crista-galli have significantly (P<0.05) higher ash% than stems and
fruits in both seasons, ash content was 26.32% in spring and 30.48% in summer, also leaves
of A. palaestina have significantly (P<0.05) higher ash% than stems and fruits in both
seasons, it was 14.69% in spring and 10.33% in summer. Fruits of T. stellatum were
significantly (P<0.05) the lowest comparing to stems and fruits, ash content was 7.12% in
spring, but in summer, leaves were significantly (P<0.05) the highest (15.69%). For S. alba,
leaves were significantly (P<0.05) the highest in spring (17.30%) and fruits were in
summer (6.65%) (Table 2).

3.2.2 Ash content between plant species

The ash percentage were almost in all species significantly different from each other in both
seasons (Table 3). O. crista-galli was significantly (P<0.05) the highest in ash content
based on leaves analysis in both seasons (spring (26.32%) and summer (30.48%)), whereas
M. orbicularis was significantly (P<0.05) the lowest in spring (6.01%) and S. alba in
summer (5.70%) (Table 3).

3.2.3 Ash content among seasons

Results showed a decrease in ash content from spring to summer for most plant species
except M. orbicularis and T. stellatum’s leaves, also, A. sativa’s fruits and leaves (Table 2).
In spring, ash content was ranged from (3.73 — 26.32) %, leaves of O. crista-galli were the
highest and fruits of A. sativa were the lowest, whereas in summer ash content ranged from
(5.29 — 30.48) %, the highest value was found in O. crista-galli leaves and the lowest was
found in S. alba stems (Table 2).
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3.3 Crude protein content

3.3.1 Protein content between plant parts

Leaves of grasses (H. spontaneum & A. sativa) have significantly (P<0.05) higher protein
content than fruits and stems during growing stage, 18.67 % and 22.78% respectively
(Table 2). Whereas during maturation stage, fruits have significantly (P<0.05) higher
protein content than leaves and stems of those grasses (9.67% and 8.98%). In both seasons,
stems have significantly the lowest amount of protein contents compared with leaves and
fruits, except for A. sativa during the growing season the difference was not significant
between stems and fruits. For forbs, during spring, the leaves and fruits of M. orbicularis,
O. crista-galli, and A. palaestina have significantly (P<0.05) a higher protein content than
stems (Table 2). The leaves of T. stellatum (28.34%) and the fruits of S. alba (28.30%) are
significantly (P<0.05) higher in protein content than other parts. At summer, all forbs,
except A. palaestina, gave similar results where the fruits showed significantly the highest

protein content followed by leaves and then stems.

3.3.2 Protein content between plant species

As shown in Table (3), at early stage of growth, those Forbes; M. orbicularis (28.61%) and
T. stellatum (28.34%) followed by S. alba (24.12%), are highly significantly different
(P<0.05) in protein content compared with other species. Likewise, at maturation stage,
protein percentage in forbs were highest in A. palaestina (13.38%) > M. orbicularis
(12.06%) > T. stellatum (10.38%) > O. crista-galli (9.08%), followed by grasses.

3.3.3 Protein content among seasons

All plants of our study significantly tended to lose their protein content from early spring to
early summer (Table 2). For example, A. sativa had 43% protein drop in stems, 66% in
leaves and 25% in fruits. Other species have a drop range in protein percentage from 58%
to 65% in their leaves, from 57% to 65% in their stems and from 14% to 34% in the fruits.
In early spring, the highest values of protein levels were 28.61% and 28.34% for M.
orbicularis (forbs) and T. stellatum (forbs) respectively. While in early summer, the lowest
protein levels were 6.60% and 7.68% for H. spontaneum (grasses) and A. sativa (grasses)

respectively.
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3.4 Crude fat content

3.4.1 Crude fat content between plant parts

There was a significant difference (P<0.05) between plant parts in crude fat content (CFt)
but the results of plant samples did not follow the same trend, in grasses, fruits of H.
spontaneum (2.58% CFt) and leaves of A. sativa (3.77% CFt) were significantly (P<0.05)
higher than the other plants parts during growing season (spring). In some forbs (M.
orbicularis and O. crista-galli) fruits, (T. stellatum and S. alba) stems, and leaves of A.
palaestina have significantly higher crude fat content (P<0.05) than other parts during
spring season (Table 2).

In summer, fruits of H. spontaneum (1.33% CFt) and leaves of A. sativa (1.66% CFt) were
significantly (P<0.05) the highest compared with other plant parts. M. orbicularis and O.
crista-galli fruits, A. palaestina and T. stellatum leaves, and stems of S. alba were

significantly the highest in CFt percentage (P<0.05) (Table 2).

3.4.2 Crude fat content between plant species

A. palaestina is the richest plant in CFt (7.36% in spring and 5.91% in summer) compared
with other species, the results showed that it had significantly the highest (P<0.05) fat
content followed by T. stellatum in both seasons (Table 3). At early stage of growth, O.
crista-galli had the lowest fat content (2.74%), while at maturation stage, H. spontaneum
had the lowest CFt % (0.46%) (Table 3).

3.4.3 Crude fat content among seasons

Results showed a high significant difference (P<0.05) in fat content between two stages of
growth. All plants (grasses and forbs) were tended to significantly lose their fat content
from early stage towards maturity (Table 2). In early spring, fat content was ranged from
(2.14 — 7.36) %, for the leaves of A. palaestina were the highest whereas in summer fat
content ranged from (0.06 — 5.19) %. The highest value was found also in A. palaestina
leaves. S. alba was not concluded in the range because it showed a high (odd) fat content in
both seasons, in early spring, stems of S. alba had 30.92% and 12.77% in early summer
(Table 2).
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3.5 Crude fibers

3.5.1 Crude fibers content between plant parts

Results showed a significant difference (P<0.05) in crude fiber content (CF) between plant
parts. For grasses (H. spontaneum and A. sativa), stems were significantly (P<0.05) the
highest in both seasons, H. spontaneum’s stems had 33.07% CF in spring and 38.81% CF
in summer whereas A. sativa’s stems had 32.56% CF in spring and 38.59% CF in summer
followed by leaves then fruits except for H. spontaneum during the spring season where
leaves and stems are not different (Table 4).

In forbs, stems of (A. palaestina and S. alba) and leaves of O. crista-galli were significantly
(P<0.05) the highest in both seasons, for M. orbicularis, there was no significant difference
(P<0.05) between stems and fruits but they were both significantly higher than leaves at
growing stage, while at maturation, stems were significantly (P<0.05) the highest (46.48%)
in CF%. Finally, for T. stellatum, fruits were significantly (P<0.05) the highest in CF in
spring (39.20%) while in summer stems were the highest in CF% (48.80%) (Table 4).

3.5.2  Crude fibers content between plant species

At early stage of growth, O. crista-galli was significantly (P<0.05) the highest in CF%
(32.28%) compared with other plant species, whereas at maturation, S. alba was
significantly (P<0.05) the highest in CF% (47.12%) compared with other plant species. A.
palaestina was significantly (P<0.05) the lowest at both seasons (17.69% at spring and
21.99% at summer) compared with other plant species (Table 3).

3.5.3 Crude fiber content among seasons

Results have shown an increase in CF content from early stage of growth towards
maturation for all plant species and parts (Table 4). As shown in table (4), there was a
highly significant difference (P<0.05) in CF levels due maturation stage, except for
Trifolium fruits which showed no significant difference (P<0.05) between seasons. In
spring, CF ranged from (17.69-39.20) % whereas (21.99-61.55) % in summer (Table 4).
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Table 4: Chemical composition ((CF) Crude fibers, (ADF) Acid detergent fibers and (NDF) Neutral detergent fibers) of plant species

showing plant parts (stem, leaf and RP) during spring and summer based on dry matters.

: % Crude Fibers % ADF % NDF
Plant Species Plant Part . : .
Spring Summer Spring Summer Spring Summer
stem 33.07 B*a ** 38.81Aa 39.69Ba 47.41 Ab 33.52Ba 70.29 Aa
H. spontaneum leaf 26.86 Bb 33.94Ab 34.01Bb 4357 Ac 33.97Ba 52.18 Ab
RP 27.16 Bb 3117 Ac 35.53Bb 5029 Aa 28.04Bb 7353 Aa
stem 3256 Ba 3859 Aa 3533Ba 43.09 Ab 61.30Ba 7431 Aa
A. sativa leaf 29.56 Bb 34.09 Ab 24.56 Bb 44.52 Aa 56.44 Bb 64.10 Ac
RP 26.88 B 31.31Ac 27.79Bb 36.03 Ac 62.78 Ba 70.21Ab
stem 29.87Ba 46.48 Aa 37.40Ba 54.03 Aa 49.54Bb 64.69 Aa
M. orbicularis leaf 20.56 Bb 26.21Ac 36.29Bb 41.74 Ab 52.80 Ba 55.58 Ac
RP 30.63Ba 34.44 Ab 29.73Bc 3263 Ac 47.08 Bc 56.87 Ab
stem 2412 Bc 39.90 Ab 36.47 Ba 45.44 Ab 40.69 Bb 59.00 Aa
0. crista-galli leaf 3228Ba 44.08 Aa 22.028Bb 319Ac 29.61Bc 3538Ac
RP 30.27Bb 35.77 Ac 36.47Ba 47.32 Aa 47.62Ba 49.46 Ab
stem 35.14Ba 46.03 Aa 36.40 Ba 47.92 Aa 51.04 Ba 70.88 Aa
A. palaestina leaf 17.69 Bc 21.99 Ac 24.22Bb 28.84 Ac 26.58 Bc 35.83Ac
RP 27.318Bb 3831Ab 26.95Bb 38.01Ab 39.11Bb 53.78 Ab
stem 33.60Bb 49.80 Aa 35.40Bb 53.18 Aa 53.97Bb 69.72 Aa
leaf 21.59 B 2337 Ac 24.05 Bc 26.60 Ac 39.82Bc 50.67 Ab
RP 39.20 Aa 38.91Ab 37.40Ba 42.21Ab 56.30Ba 68.21Aa
stem 38.60 Ba 61.55Aa 41.11Ba 66.21Aa 56.72 Ba 73.79 Aa
leaf 29.10Bb 4712 Ab 23.06 Bc 48.49 Ab 35.83Bb 66.44 Ab
RP 18.81 Bc 33.06 Ac 27.01Bb 33.56 Ac 35.77Bb 5279 Ac

*Means in the same row for same parts of each species for same parameter with different capital letters are significantly different according

to HSD test at P<0.05.
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3.6 ADF content
3.6.1 ADF content between plant parts

In spring, stems of H. spontaneum, A. sativa, M. orbicularis, A. palaestina and S. alba were
significantly (P<0.05) the highest in acid detergent fiber content (ADF) compared with
leaves and fruits of each species. Whereas in O. crista-galli, stems and fruits had no
significant difference (P<0.05) but higher than leaves. For T. stellatum, the fruits were
significantly the highest (P<0.05) in ADF content at growing season (Table 4).

In summer, stems of some forbs (M. orbicularis, A. palaestina and S. alba) still
significantly the highest (P<0.05) in ADF content, fruits of O. crista-galli and T.
stellatum’s stems were also significantly the highest. For grasses, fruits of H. spontaneum
and leaves of A. sativa showed a significant difference (P<0.05) in ADF content than other

parts as they were the highest (Table 4).

3.6.2 ADF content between plant species

The ADF levels were very close at spring. Only M. orbicularis was significantly (36.29%
ADF) higher than O. crista-galli (22.02% ADF), the difference between the other plant
species were not significant (P<0.05) (Table 3).

At summer, there was a significant difference (P<0.05) in ADF content between plant
species. S. alba was significantly the highest (P<0.05), it had 48.49% ADF while A.
palaestina was significantly the lowest (P<0.05) and it had 28.84% ADF (Table 3).

3.6.3 ADF content among seasons
Results showed an increase in ADF with advancing maturity. There was a significant

difference (P<0.05) in ADF content of all plant species between the two seasons (Table 4).
In spring, ADF ranged from (22.02%-41.11%) whereas in summer it ranged from (26.06%-
66.21%) (Table 4).
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3.7 NDF content
3.7.1 NDF content between plant parts

At growing season, NDF levels were different, for example, leaves of A. sativa (56.44%),
O. crista-galli (29.61%), A. palaestina (26.58%) and T. stellatum (39.82%) were
significantly (P<0.05) the lowest comparing to other parts. However, at summer, stems
were significantly (P<0.05) the highest for all plant species (Table 4). In early spring, stems
of S. alba and A. palaestina, fruits of T. stellatum, O. crista-galli and A. sativa, leaves of H.
spontaneum and M. orbicularis have the highest values of NDF (Table 4). In early summer.
When comparing NDF within the same plant, stems of all investigated species, except for
H. spontaneum fruits, have the highest values.

3.7.2 NDF content between plant species

At spring, A. sativa and M. orbicularis were significantly higher (P<0.05) in NDF than
other plant species, they had (56.44 and 52.80) % NDF respectively. A. palaestina had
significantly the lowest (26.58 %) NDF content compared with other plant species except
O. crista-galli (Table 3).

At summer, S. alba was significantly (P<0.05) the highest (66.44 %) in NDF content
compared with other plant species, while O. crista-galli had the lowest content of NDF
(35.38%) compared with other plant species.

3.7.3 NDF content among seasons

Results showed an increase in NDF with advancing maturity. There was a significant
difference (P<0.05) in NDF content between two seasons. ADF levels at maturation stage
were significantly higher (P<0.05) than early stage for all plant species (Table 4). In early
spring, NDF ranged from (26.58%-62.78%) whereas in summer it ranged from (35.38%-
74.31%) (Table 4).
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3.8 Nutrients content

3.8.1 Nutrient content between plant parts

For H. spontaneum, leaves in spring were significantly (P<0.05) the highest for Ca (0.08%),
Mg (0.15%), P (0.07%) and N (2.99%) content, while for K and Na the difference was not
significant between some plant parts. In summer, leaves were significantly (P<0.05) the
highest for Ca and Mg, but for K and Na content, stems were significantly (P<0.05) the
highest, and for P and N (3.20%) content, fruits were significantly the highest (Table 5).

In spring, leaves of A. sativa were significantly (P<0.05) the highest for Ca, Mg, Na, and N
(3.64%). Except the Na showed no difference between leaves and stems. Fruits were
significantly (P<0.05) the highest for P, while for K content showed no significant (P<0.05)
difference between plant parts (Table 5). In summer, leaves were significantly (P<0.05) the
highest for Ca, Mg and K, but for Na and P content, stems were significantly (P<0.05) the
highest, and for N content, fruits were the highest (1.44%) (Table 5).

For M. orbicularis, in spring, fruits were significantly (P<0.05) the highest for Ca content,
fruits and leaves were also the highest for Mg and N, leaves for K and Na, finally stems for
P. In summer, same trend was appeared as H. spontaneum whereas leaves were
significantly (P<0.05) the highest for Ca and Mg, but for K and Na content, stems were
significantly (P<0.05) the highest, and for N and P content, fruits were the highest (Table
5).

Ca content of O. crista-galli leaves was significantly (P<0.05) the highest in both seasons,
it was 1.62% Ca in spring and 1.36% Ca in summer. In addition, Na content of stems, P and
K content of fruits were significantly (P<0.05) the highest in both seasons, but for Mg
content of O. crista-galli fruits, it was significantly (P<0.05) the lowest in both seasons. N
content in leaves was 3.01% in spring and 1.32% in summer (Table 5).

In spring, leaves and stems of A. palaestina were significantly (P<0.05) the highest for Ca,
Mg and Na content. For P and N content, leaves and fruits were significantly (P<0.05) the
highest, but for K content, there was no significant (P<0.05) difference between plant parts
at early stage of maturation. In summer, leaves of A. palaestina were significantly (P<0.05)
the highest for Ca, Mg, K, Na and N content, while for P content, fruits were significantly
the highest followed by leaves then the stems (Table 5).

Leaves of T. stellatum were significantly (P<0.05) the highest in Ca content in both
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seasons. In spring, fruits were significantly (P<0.05) the highest for Mg, K and Na content,
while stems were significantly (P<0.05) the highest for P content and leaves were for N
content. In summer, leaves were significantly (P<0.05) the highest for Mg content, while
stems were significantly (P<0.05) the highest for Na content and fruits were for P and N
content. For T. stellatum K content in summer, there was no significant (P<0.05) difference
between plant parts (Table 5).

Ca content of S. alba leaves was significantly (P<0.05) the highest in both seasons. Mg
content in spring showed no significant difference between plant parts, but in summer,
leaves and fruits were significantly (P<0.05) the highest. Stems of S. alba were
significantly (P<0.05) the highest in K content in spring and fruits were in summer. Na
content in spring showed no significant difference between plant parts, but in summer,
stems were significantly (P<0.05) the highest. Finally, P and N content of S. alba fruits
were significantly (P<0.05) the highest in both seasons (Table 5).
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Table 5: Nutrient composition of plant species showing plant parts (stem, leaf and RP) during spring and summer based on dry
matters.

plant Species | ant [—__%Ca %Mg %K _%Na %P %N

Part | spring | summer | spring | Summer | spring | summer | spring | summer | spring | summer | spring | summer

stem 0.01 ¢* 0.03b 0.10b 0.08 ¢ 0.40b 046a 0.07b 0.21a 0.05b 0.020a 194 c 0.89c¢

H. leaf 0.08 a 013a 015a 012a 049a 0.38b 0.16a 0.15b 0.07 a 0.017b 299a 145b

spontaneum

RP 0.02b 0.03b 0.09b 0.09b 0.47 ab 0.26¢ 015a 0.06 ¢ 0.06b 0.020a 2.39b 320a

stem 0.02b 0.01c 0.08 b 0.08 c 041a 0.38b 0.18a 0.21a 0.03c 0.032a 1.76 b 101c

A. sativa leaf 0.05a 0.16a 012a 0.13a 0.40a 0.42a 0.20a 0.19b 0.04b 0.028 ¢ 3.64a 1.23b

RP 0.01b 0.04b 0.08b 0.10b 0.38a 0.27c 0.08b 0.08 c 0.05a 0.029b 1.92b 144 a

stem 0.15b 097 c 0.17b 0.16¢ 0.41b 046a 0.16 b 0.21a 0.07 a 0.01c 259b 111c

M. orbicularis | leaf | 035b 129a 0.18a 0.19a 0.49a 04b 02a 0.15b 0.04 ¢ 0.02b 458a 1.93b

RP 0.56a 116 b 0.19a 0.17b 033 ¢ 031c 0.16 b 0.07c 0.05b 0.05a 402a 347 a

stem 1.31b 1.20b 0.23a 0.19b 0.49c 0.45a 0.25a 0.26a 0.05b 0.006 c 2.27b 1.04c

0. crista-galli | leaf | 162a 136a 0.23a 022a 050b 031c 0.22b 017b 0.06 b 001b 301a 132b

RP 0.66 ¢ 0.98c 0.20b 0.18¢ 0.52a 0.35b 0.18 ¢ 0.09¢ 0.09a 0.04a 3.24a 222a

stem 041a 0.64b 0.16a 013 ¢ 0.50a 040c 0.27a 0.17b 0.07b 0.017c 1.61b 0.68 ¢

A. palaestina leaf 0.44a 0.87a 017 a 021a 045a 049a 0.23a 0.19a 0.10a 0.066 b 295a 221a

RP 0.16b 0.58 ¢ 0.15b 0.17b 0.52a 0.43b 0.17b 012c 0.10a 0.073a 280a 1.82b

stem 0.28c 1.04b 0.18b 0.19b 0.39b 0.31a 0.08 ¢ 0.15a 0.05a 0.01c 2.23c 0.72 ¢

leaf 1.05a 154a 0.19a 0.21a 0.36b 0.31a 0.11b 0.11b 0.04b 0.02b 454a 1.06 b

RP 0.87b 0.69c 0.20a 017 ¢ 048a 0.31a 014 a 0.06 ¢ 0.03c 0.04 a 317b 158a

stem 0.46 b 031c 017 a 0.16b 048a 0.316¢ 0.16a 0.23a 0.05b 0.02b 1.96 c 0.77 ¢

leaf 120a 0.55a 022a 0.18a 0.42b 0.322b 017 a 0.14b 0.06 b 0.02b 3.86b 1.66 b

RP 0.08c 0.34b 0.16a 0.18a 0.46 ab 0.366 a 0.10a 013c 011a 0.06 a 4.53a 3.65a

* Means in the same column for same species with different small letters are significantly different according to HSD test at P<0.05
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3.8.2 Nutrient content between plant species

In spring, Ca content for O. crista-galli was significantly (P<0.05) the highest (1.62% Ca),
whereas in summer, T. stellatum was significantly (P<0.05) the highest in Ca content
(1.54%) (Table 6).

For Mg levels, O. crista-galli and S. alba were significantly (P<0.05) higher than other
species in spring, they have 0.23% Mg and 0.22% Mg respectively. In summer, O. crista-
galli was significantly (P<0.05) the highest (0.22% Ca) (Table 6).

In spring, O. crista-galli was (P<0.05) the highest in K content (0.5% K) and it was
significantly higher than that in A. sativa, T. stellatum, and S. alba. However, A. palaestina
has 0.49% K in summer and it was significantly (P<0.05) the highest compared with other
plant species (Table 6).

A. palaestina showed the highest Na content (0.23%) followed by O. crista-galli (0.22%).
In summer, A. palaestina and A. sativa were significantly (P<0.05) higher than other
species, they both have 0.19% Na (Table 6).

For P content, A. palaestina was significantly (P<0.05) the highest in both seasons, it has
0.1% P in spring and 0.07% P in summer (Table 6).

Finally, in spring, M. orbicularis and T. stellatum were significantly (P<0.05) the highest in
N content (4.58% and 4.54%), respectively. A. palaestina was significantly (P<0.05) the
highest in summer, it has 2.21% N (Table 6).

Page | 39



Chapter Three Results
Table 6: Nutrient composition of plant species (leaf part) during spring and summer based on dry matters.
% Ca % Mg %K % Na % P %N
Plant species
Spring | Summer | Spring | Summer | Spring | Summer | Spring | Summer | Spring | Summer | Spring | Summer
H. 0.08 e* 013¢g 0.15e 0.12f 0.49 ab 0.38d 0.16 b 0.15¢ 0.07b 0.02d 2.99d 1.45d
spontaneum
A. sativa 0.05e 0.16 fg 0.12f 0.13e 0.40 cd 0.42 be 0.20a 0.19a 0.04d 0.03b 3.64 be 123e
M. orbicularis | 035d 1.29¢ 0.18 ¢ 0.19¢ 049ab | 040cd 0.20a 0.15 cd 0.04d 0.02 ¢ 4.58a 193b
0. crista-galli | 162a 136b 0.23a 0.22a 0.50a 031e 0.22a 0.17b 0.06 ¢ 0.01f 3.01 cd 1.32de
A. palaestina | 044d 0.87d 0.17d 0.21b 045abc | 049a 0.23a 0.19a 0.10a 0.07a 2.95d 221a
T. stellatum 1.05¢ 154a 0.19 be 0.21b 0.36d 031e 0.11¢ 0.11e 0.04d 0.02e 4.54a 1.06 f
S. alba 1.20b 055e 022a 0.18d 0.42 bed 0.32e 0.17b 0.14d 0.06 ¢ 0.02d 3.86b 1.66

* Means in the same column for same species with different small letters are significantly different according to HSD test at P<0.05.
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4.1 Effect of seasonal change on the selected species

DM content for our selected plant species was significantly (P<0.05) higher at early
summer than early spring (Table 2), these results confirmed with (Chebli et al., 2021). DM
is a descriptive measure of forages that showed a rapid increase towards maturity when
plants become dried and senescence (Mclnnis et al., 1993). As summer proceeds, plants
lose their water content and the presence of DM increased. This will affect picky eaters
livestock. Sheep and goats prefer juicy leaves rather than dried ones. So, based on these
results for all the examined plants, sheep and goats should graze in spring, while cows
could graze perfectly in summer. In general, the values of DM at both seasons were normal
and make sense. At early summer DM ranged between (80.93 - 96.33) %, which is normal
for dried species that was collected at dry season with high rate of evaporation. While at
early summer, DM ranged from 6.17% to 36.00% which is low since the plants still fresh
and keep their water content (Mclnnis et al., 1993). Grasses had higher DM content than
forbs during spring than summer, this is due to the higher stems to leaves ratios in grasses
than forbs (Mclnnis et al., 1993; Pessarakli et al., 2005; Mountousis et al., 2008; Perotti et
al., 2021).

Ash content of forbs in some of their parts were decreased with advancing maturity (Table
2). This may be due to the increase of seeds ratios relatively to other parts, this agrees with
EL-Shatnawi & Ereifij (2001). The results proved by the negative relation between ash
content and CP content trends in the current data, that means when the CP increased with
maturity due to increase of seeds and fruits, ash content was decreased. Similar results were
found also by (Long et al., 1999; Ayed et al., 2001; Aganga et al., 2003; Gulsen et al.,
2004; kamalak et al., 2005; Mountousis et al., 2006).

Crude fat measurements are good indicator for the energy stored in the plants and
transformed to animals (Range, 2023). In early spring, S. alba has the highest CFt levels in
both seasons, the results was predictable since S. alba was known and still be used in
energy production due to its high fat content. Many researches have made their studies on
this plant species (Ciubota-Rosie et al., 2013; Peng et al., 2014; Mitrovic et al., 2020). Also,
this is probably due to the high ratio of seeds than stem and leaf parts, vegetable parts of

plants relatively lower in fats than seeds and fruits (Holechek et al., 1989). A crude fat
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content of at least 6-8% in forage is needed (Range, 2023). As shown in Table (2) and
especially in summer, CFt was limited and below the animal needs for most plant species
except for S. alba. So, it is recommended to add fat as supplements since it is below

requirements.

Protein levels are considered an important indicator for rangelands characteristics. Protein
levels reflects the digestibility of the livestock forage and considered a very good indicator
for the nutritional value of the species. In this study, for all selected species, protein levels
in early summer are much lower than protein levels in early spring. In early spring, the
highest values of protein levels were 28.61% and 28.34% for M. orbicularis (forbs) and T.
stellatum (forbs) respectively. While in early summer, the lowest protein levels were 6.60%
and 7.68% for H. spontaneum (grasses) and A. sativa (grasses) respectively. The protein
levels decrease while proceeding in summer season due to maturation, decline of cell
soluble content and the deficiency in soil fertility and moisture. This decline might be due
to the decrease in N availability to the plant because of low soil moisture (Evitayani et al.,
2004). The studied plants tend to lose their protein content from early stage of growth to
maturation stage as confirmed in literature (Ganskopp and Bohnert 2001; Abusuwar and
Bakshawain 2012; Abusuwar and Al-Solimani 2013; Basheer-Salimia and Atawnah 2014;
Edelman and Colt, 2016). The range of protein levels in grasses is lower than forbs as
indicated in Table (2). This is caused by the decline in the stem to leave ratio in the plants.
Also, increasing the DM content in grasses, caused the decreasing in protein levels. Forbs
had more CP due to the increase of seeds and pods ratios than stems and leaves parts
(Mclnnis et al., 1993).

Range livestock require (7%-9%) of crude protein for maintenance and (10%-12%) for
lactation (Ganskopp and Bohnert, 2001). In the studied plants, in early spring, all the
species fulfill the livestock protein requirements. It ranged between 10.98% and 28.61%
which is much higher than (7%-9%) needed. While in early summer, lower levels of
protein were found and it ranged between 4.23% and 21.68% (Table 2). For H. spontaneum
and A. sativa, the protein levels were below the livestock requirements. As a result, the
animals feeding forages begin losing weight. So, in summer, animals need feed

supplementation to substitute protein deficiency.
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CP percentage mainly depend on the N concentration in plant content. Data showed that N
% of all species were decreased through time and during dry seasons (Table 5). This result
is due to N leaching and decomposition, also protein in older leaves and plant parts were
hydrolyzed and its products translocated to other plant parts like roots (Msangi and
Hardesty, 1993; Abad et al., 2004).

CF levels in all the examined plants increased from early spring to early summer. In the
early growth period (early spring), plants have low fiber content (Table 4). In general,
plants contain high protein level and low crude fiber content in early growth season. When
maturation progress, the crude fibers content increase (Fatur et al., 2007; Basheer-Salimia
and Atawnah, 2014). Grasses recorded relatively high CF levels in early spring, this is
probably due to the increase in stems to leaves ratio, as declared in (Table 4), stems of
grasses were significantly (P<0.05) the highest of CF comparing to other parts in both
seasons. Species with low fiber content are associated with higher digestibility and higher
dry matter intake by livestock (George et al., 2007; Towhidi, 2007). As shown in (Table 4),
these levels of fiber (17.69 — 39.2%) in early spring in the under investigated species were
accepted comparing to suitable level of CF which provide excellent intake (40%)
(Robinson, 1999), but in early summer, the levels were (21.99 — 61.55%), some species had
higher levels that may hinder digestion process such like S. alba.

ADF reflect levels of cellulose, lignin and cutin. ADF measurements are important
indicator for forage digestibility (Robinson, 1999). Forage with low ADF levels is more
digestible for ruminants (Sharpe and Sharpe, 2019). In early spring, ADF levels range
between 22.02% and 41.11%. In early summer, ADF levels range between 26.60% and
66.21% (Table 4). In agreement with findings of Long et al., (1999); Ayed et al., (2001);
Hussain and Durrani, (2009); Kamalak and Canbolat, (2010), results showed an increase in
ADF with advancing maturity in all the investigated species. This is due to maturity which

raises cell wall content.

In general, the studied grasses have higher levels of ADF since they have hollow stems and
large fraction of fibrous tissues (Tuna, 2004; Guslin et al., 2004). So, grasses are less
digestible than forbs. Recommendations of 18% - 20% of ADF is adequate for goat
production and lactation, and about 23% for maintenance (Lu et al., 2005). Some species
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recorded an increase in ADF content during summer (Table 4), due to maturity that
associated with increase in cell wall content, while other species like forbs which have pods

and seeds in summer had low ADF content (Ganskopp and Bohnertn, 2001).

Neutral detergent fiber consists of ADF and hemicellulose. NDF is an essential indicator
for forage digestibility. If the ratio of NDF to ADF increases, the food consumption and
intake will increase (Holechek, et al. 1989; Ahamefule et al., 2006). In early spring, NDF
values ranged between 26.58% and 62.78%. However, NDF values in early summer were
increased and ranged between 35.38% and 74.31% (Table 4). Distel et al., (2005)
mentioned the increase in NDF towards growing is due to maturity and the increase of stem
to leave ratios of plants. A. sativa and S. alba have the highest NDF values in early spring
and early summer respectively. In general, grasses have relatively high NDF levels, which
means that ruminants would consume large amounts of grass to fulfill their needs (Hummel
et al., 2006). Livestock requirements of NDF is around 41% (Lu et al., 2005). In early
spring, the NDF of studied plants were around livestock needs for perfect digestion. On the
other hand, in early summer, NDF were high. The resulted work complies with findings of
Hussain and Durrani, 2009, Peprah et al., 2021 and Khan et al., 2022.

4.2 Comparison between plant parts

In early spring, for DM content, within the same plant, fruits of H. spontaneum and O.
crista-galli, leaves of the rest have the highest values when compared with other (same)
plant’ parts. This is due to high rates of photosynthesis that take place in leaves in spring
which cause rapid increase in the dry matter content (Sevim, 2018). In early summer,
within the same plant, fruits of A. sativa and A. palaestina, stems of the rest have the
highest values when compared with other (same) plant parts. Table (2) demonstrates that
DM content are mainly high in fruits and leaves in early spring. While stems and fruits
have high levels of DM content in early summer. Similar results were found in literature
(Arduini et al., 2006), it declared that increasing the surrounding temperature (summer

proceeding) would cause dry matter accumulation in stems and fruits instead of leaves.
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When comparing ash content within the same plant, all species have the highest ash values
in their leaves except for S. alba (Table 2). Since ash content is a measure of minerals
present (Oduntan et al., 2012), this means leaves mainly rich in elements and could contain
traces of silicate, carbonate and phosphates (Oduntan et al., 2012). Clearly, ash content
decrease in all species when summer proceeds except for fruits and leaves of A. sativa and
M. orbicularis and leaves of O. crista-galli and T. stellatum. In literature, it is found that
ash content decrease with maturity. Due to mineral loss in soil and leaves dry off (Emebu
and Anyika, 2011).

In early spring, leaves of all species had higher CP levels except for S. alba fruits, it had
28.30% CP (Table 2), this value comply with Damian (2014) who mentioned a relatively
high protein content of S. alba seeds, it ranged from 28 to 36%. The lowest values of CP
were found in stems of A. palaestina, leaves of A. palaestina and fruits of A. sativa. Similar
results were found in literature (Ma et al., 2015). In early summer, when comparing within
the same plant, all species have the highest values of CP in their fruits except for A.
palaestina leaves. It could be explained as the process of nutrient translocation from leaves
and stems to crowns when plant becomes mature (Gintzburger et al., 2000). In summer
seeds and fruits have the highest protein levels compared to other parts. This is mainly
referred to that seeds are the main element for plant reproduction; it contains the genetic
material (Edelman and Colt, 2016). Generally, grasses have lower protein than forbs as
declared. These results were emphasized in Allen et al., 2013 study. These results showed
the importance of our species as high-quality forage especially in grasses which hold up
their leaves and fruits during maturation other than forbs. Here the importance of grasses
would appear to provide the animals a good source of protein in dry seasons although they
have less CP than forbs. So, the existence of these dominant grasses naturally in rangelands

Is essential during the shortage of protein in other plants (forages).

Generally, crude fat decreased in all parts of all investigated plants except for fruits of T.
stellatum. S. alba has the highest overall crude fat content in all of its parts when compared
to other species in both early spring and early summer (Table 2). Similar results were found
in literature (Sabudak and Guler, 2009). For S. alba, the high content of crude fat in the
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fruits is due to plants' preparation to produce seeds and its richness in glyceride oil (Antova
etal., 2017).

In early spring, when comparing crude fibers within the same plant, fruits of T. stellatum
and M. orbicularis, leaves of Onobryches crista-galli, stems of S. alba, H. spontaneum, A.
sativa and A. palaestina have the highest values (Table 4).

In early summer, A. sativa, T. stellatum, M. orbicularis, S. alba, H. spontaneum and A.
palaestina have the higher values of CF in their stems. Mainly, crude fiber increased in all
parts of all investigated plants except for fruits of T. stellatum. Literature named summer
season as peak values of crude fibers (Gonz- lez-Hern- ndez et al., 2000), since the highest
fiber levels are obtained in summer due to species maturation and full growth. Similar

results were found by Singh et al., (2022).

In early spring, the stems of A. sativa, leaves of O. crista-galli and fruits of A. palaestina
have the lowest levels of ADF (Table 4). When comparing parts within the same plant,
stems of H. spontaneum, S. alba, A. palaestina, A. sativa and M. orbicularis, fruits of T.
stellatum have the highest values of ADF. In early summer, the lowest values of ADF were
found in A. sativa stems, leaves of T. stellatum and fruits of M. orbicularis. When
comparing within the same plant, T. stellatum, M. orbicularis, S. alba and A. palaestina
have the highest values of ADF in their stems. While leaves of A. sativa have the highest
values. On the other hand, fruits of O. crista-galli and H. spontaneum have the highest
values. Generally, ADF increased in all parts of all investigated plants when summer
proceeds agreeing with Aydin and Nuh, (2022) and Naydenova et al. (2022). Our results

are reasonable, were fibers increased when summer proceeds, so, ADF increased too.

In early spring, stems of S. alba and A. palaestina, fruits of T. stellatum, O. crista-galli and
A. sativa, leaves of H. spontaneum and M. orbicularis have the highest values of NDF
(Table 4). In early summer, when comparing NDF within the same plant, stems of all
investigated species except for H. spontaneum fruits have the highest values. Generally,
NDF increased in all parts of all investigated plants. Similar results were found in literature
(Kamalak and Canbolat, 2010; Koukolova et al., 2010). As plants mature, NDF values will
increase as a result of total fibers increase in the stems (Rasby, 2023). Increasing NDF

levels will improve animal digestion process.
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For the seven investigated species, concentrations of Na were within the accepted limits
except for A. palaestina and O. crista-galli in early spring (Table 5). For Mg and K levels,
all of the investigated plants comply with the requirements. K levels decrease in early
summer due to leaching of soluble K out of the species. P levels decrease in early summer
for all the examined species. This is due to soil drought and low content of stored P in soil.
For Ca, investigated forbs satisfy ruminants needs both in early spring and early summer
(Table 5). For P, results agree with Petit Bon et al., (2020).

Ca/P ratio is a very descriptive indicator for the nutritional value of forage (Loughrill et al.,
2017). Ca/P ratios of 1:1 or 2:1 is perfect for ruminants (Loughrill et al., 2017). In early
spring, ratios were 1.14:1, 1.25:1, for H. spontaneum, A. sativa. While, in early summer,
ratios were 6.50:1, 5.33:1, the ratios were accepted for those two species of grasses when
they were dominant in the range, otherwise, P should be supplemented if other forbs

species were found.

4.3 Comparison between plant species

Ash content decreased for S. alba, A. palaestina and H. spontaneum and increased for the
rest (Table 3). Similar results were found in literature (Blair, 1969).

For all the investigated species, protein levels in early summer are much lower than protein
levels in early spring. In early spring, the highest values of protein levels were 28.61% and
28.34% for the forbs M. orbicularis and T. stellatum respectively. While in early summer,
the lowest protein levels were 6.60% and 7.68% for the grasses H. spontaneum and A.
sativa respectively. All the investigated species are within the requirements except for H.

spontaneum in early summer (Ganskopp and Bohnert 2001).

It is found that only A. palaestina fulfill livestock needs of crude fat if it is dominant in the

rangeland, it was 7.36% in early spring and 5.91% in early summer (Table 3).

In all the studied species, ADF levels in early summer are higher than levels in early spring.
This is due to maturity which raises cell wall content. In agreement with findings of Long
et al., (1999); Ayed et al., (2001); Giilsen et al., (2004); Kamalak and Canbolat (2010). All
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the examined species have relatively high ADF content which may complicate the
digestion process. T. stellatum has 24.05% ADF which is the lowest value in early spring
and 26.60% ADF in early summer (Table 3). NDF is an essential indicator for forage
digestibility. If the ratio of NDF to ADF increases, the food consumption and intake will
increase. It is found that grasses have relatively high NDF levels. Which means that
ruminants would consume large amounts of grass to fulfill their needs (NRC, 1982; NRC,
1985). Considering the ratio of NDF/ADF, T. stellatum has the perfect ratio (Table 3). It
means high level of NDF and low level of ADF to balance between forage consumption

and digestion.

Growth usually depends on carbon, hydrogen and oxygen with various essential elements
such as nitrogen, potassium, calcium, magnesium, sodium and phosphorous. Minerals are
very important for species metabolism and productivity. For the examined species Mg, K,
and Na levels both in early spring and summer comply with the requirements. For Ca, only
A. sativa and H. spontaneum do not fill the requirements (Table 6). Considering all the
minerals' levels and requirements, only T. stellatum and S. alba fulfill all the requirements
if they were dominant (NRC, 1982).

A. sativa showed higher values of protein, ADF and NDF comparing to other studies (Niu
et al., 2007; Mut et al., 2016; Gracia et al., 2017; Bityutskii et al., 2020; Ibrahim et al.,
2020), while for fat content, it was within the range (Mut et al., 2016) (Table 3). H.
spontaneum results for CF, ADF and NDF were higher comparing to Yasar and Tosun
(2018) findings (Table 3). For M. orbicularis, results for CP, NDF and ADF were closed to
the findings of these researches (Kazemi and Valizadeh, 2019; Hidosa and Kibret, 2021).
The results of T. stellatum for NDF and ADF were closed to Ertiken (2021) study, but CP
in our study recorded higher values (Table 3). A. palaestina and O. crista-galli recorded
higher values of NDF and ADF comparing to other studies (Kaplan, 2011; Chebli et al.,
2021) (Table 3).

Page | 49



Conclusion

In conclusion, various parameters affect the chemical composition of rangeland plants.
Such as: plant type, plant part, plant structure, season, climate, soil fertility, location and
other parameters. In this study, the effect of season change was studied on seven different
species parts. It is found that crude fibers, ADF, NDF and calcium levels increased in early
summer. While, protein, crude fat, potassium, phosphorous and nitrogen levels decreased in
early summer. S. alba has the highest crude fat, fibers, ADF, NDF and mineral content

when compared to other species.

Rangeland nutritional study is very essential to determine dominant useful species and to
select which ones are perfect for forage production.
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Recommendations

1. If the investigated species were used to produce forage, fat and phosphorus should be
added to the mix, to fulfill livestock requirements.

2. To justify sustainable development targets, lands covered with our investigated species
would satisfy ruminants needs during the spring and early summer especially T. stellatum
and S. alba.

3. Further research is needed to study the effect of climate, location and soil elements on
the nutritional value of rangeland plants.

4. Nutrient blocks are not necessarily needed if one of the seven investigated species were
dominant in the rangeland during studt period.

5. It is recommended when scheduling the grazing period to consider both the livestock
requirements and the seasonal nutritional value of the rangeland.

6. Considering the importance of livestock nutritional needs, it is suggested for the
investigated species to be reseeded in the lands since their nutritional value was rich.
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