Journal of Umm Al-Qura University for Applied Science 7 (1), (2021) 27-33

=g
N8 /AN
\(%L{y

Journal of Umm Al-Qura University
for Applied Science

journal homepage: https://uqu.edu.sa/en/jas/87823

Ecological and nutritional values of halophytes in the Al-Qunfudhah, Saudi Arabia

Muna A. Al-Malki 2, Hanan E. OSMAN ?, Mohamed H. M. EI-Morsy %,

2 Biology Department, Faculty of Applied Science, Umm Al-Qura University, Makkah, Kingdom of Saudi Arabia.
® Botany and Microbiology Department, Faculty of Science, Al-Azhar University, Cairo, Egypt.

¢ Deanship of Scientific Research, Umm Al-Qura University, Makkah, Kingdom of Saudi Arabia.

4 Plant ecology and range management Department, Desert Research Center, Mataryia, Cairo, Egypt.

ARTICLE INFO

ABSTRACT

Article History:
Submission date: 20-2-2021
Accepted date: 1-7-2021

Keywords:
Floristic diversity, forage quality,
importance value (1V).

The existence of coastal salt marshes along the Arabian Gulf and Red Sea shores and inland salt marshes led to many
halophytes found in several regions of Saudi Arabia. Many grazing animals rely on marginal and neglected resources
like halophytes. Consequently, the work objectives were to determine halophytic community diversity in this vital
region and assess some halophytic species nutritional value in the studied area. Twelve plant species belonging to ten
families were recorded in Al-Qunfudhah area from February 2018 to January 2020. Amaranthaceae was the dominant
family, and chamaephyte was the predominant life form, which indicates a typical salt marches form. Among survived
halophytic species, the highest importance value (I1V) is found in Aeluropus lagopoides (87.02), Suaeda vermiculata
(60.48); these plants are considered C4 pathway in protein biosynthesis. The results indicate that some halophytic
species have high protein contents, fiber, and nitrogen-free extract, which render them an excellent source of forage.
Such halophytic plant species may play an essential role in Saudi Arabia's welfare living in harsh arid regions by
providing economic fodders throughout the year.

In addition, exploring solutions to preserve wildlife plants from extinction is an essential step in protecting our

ecosystem.

1. Introduction

Salt marshes (sabkha) are a unique ecosystem, frequently saline,
flat, forms along the Red Sea coast of Saudi Arabia [1]. Kinsman &
Park described two main forms of sabkha landforms, inland, and
coastal salt marshes [2]. Coastal sabkha (coastal salt marshes) are
formed in the arid area of coastal regions where soil washing is
marginal, high evaporation rate, poor soil drainage coupled with low
precipitation [3].

Salt marshes are characterized by high saline content were
particularly adapted plant species can grow. These plants, halophytes,
such as seaweeds, mangroves, and many Amaranthaceae species, can
complete their lifecycle under salt circumstances, where the salt levels
are at least 200 mM NacCl [3]. Globally, halophytic species are found
in about 500 genera, where about half belonged to 20 families [4].

Floristic studies show that Saudi Arabia contains over 100 species
of halophytes distributed in 33 families. These species are either
strictly halophytes or adapt to survive in wider ecological amplitude
[5-6]. Sabkha habitats are constantly threatened throughout the
tropics, particularly along the coast, due to their suitable location for
recreation and summer resorts. [7]. In the last decades, increased
human activities have degraded the habitat leading to a decline and
reduction in floristic composition. The main reasons for the
deterioration in plant vegetation are habitat fragmentation and urban
development [6].

Halophytes have various economic uses, including food, fodder,
fuelwood, oilseeds, medicines, chemicals, and landscape plants [8],
which could meet the basic requirements of rapid human population
growth, especially in underdeveloped countries. Halophytes can grow
in highly saline soils and can tolerate many physiological and
environmental mechanisms. These plants also grow in nonsaline soils,
such as marshes, various deserts, slope retreats, and mangrove
swamps. Therefore, halophytes and other plants that tolerate high
salinity may be useful and important sources of food for livestock [9-
10]
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The first description of Western regions of Saudi Arabia's
vegetation was given by Vesey-Fitzgerald, who noted various
vegetation cover and common ecological types, such as coastal
marshes, coastal desert plains, coastal foothills, highland ranges, and
wadis. Conversely, extensive efforts have been made to understand the
vegetation-environmental relations in sabkha ecosystems [11-12-13].

In the agricultural sector, livestock production is one of the central
concerns that play a vital role in people's socio-economic for it provide
meat, milk, and many products [14]. The efficiency of any feed to
sustain animals' production depends on the quality of the feed
consumed and the degree to which the feed meets the demand for
energy, protein, minerals, and vitamins [15]. Seasonal changes
significantly affect the nutritional value of pasture and range. For
example, during dry conditions, plants' crude protein, moisture
content, total soluble sugars decline, and plants tend to be fibrous with
high ash content and relatively low nutritional value [16]. Saudi
Avrabia is characterized by a dry climate and suffers from the scarcity
of rainfall around the year, affecting the quantity and quality of
feedstock to ruminant animals.

Consequently, the economic sustainability of pasture resources in
Saudi Arabia depends of using marginal and long-neglected resources.
Halophytic plants are one of such resources. However, little
information about halophytes' nutritional value in Saudi Arabia is
known.

The work's objectives are to i) explores the floristic composition
and distribution of halophytic species in Al Qunfudhah salt marches
and ii) evaluate the nutritional value of some halophytic species as
rangeland survived in the studied area. The observations of this work
will be used to establish guidelines for conserving the coastal region
in the study area.

2. Materials and Methods
2.1. Study area

Al Qunfudhah governorate is situated on the southwestern edge of
the Makkah province. The governorate region is estimated at 5195
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kmz; it is also one of the huge seaports of KSA on the Red Sea (Figure
1).

The climate in the investigated region is dry subtropical and is
characterized by hot summer and mild winter seasons [17]. Data
obtained from the website:

https://www.meteoblue.com/en/weather/historyclimate/climatemo
delled/al-qunfudhah_saudi-arabia_108896, from 1998 to 2019
showed that an average annual temperature is 31.2°C; January and
February are the coldest winter months with the maximum average
temperature (26.48°C), whereas June and July are the hottest months
with the maximum average temperature (35.95°C) (Figure 2). Rainfall
is irregular and scarce, with an average of 191 mm/year, with a
monthly mean that ranges between 7 mm in July and 29 mm in
January.

2.2. Vegetation measurements

A total of 30 sample plots from three different locations were
selected along the Red Sea shore in Al Qunfudhah governorate. The
sampling was carried out from February 2018 to January 2020 to
represent the flora during different seasons. The representative plots
were 5 m X 5 m, and the sampling was carried out during the active
plant growth stage when most species were expected to be blooming.
The placentation of the quadrates was chosen randomly at each
location. All the plant species were recorded in each plot. Plant species
and families were recognized and named referring to [18-19], and
scientific names were updated by the flora of Saudi Arabia checklist
[20].

The collected samples were preserved at The Biology Department
Herbarium, Faculty of Applied Science, Umm Al-Qura. The life form
of the species was determined, rendering to Raunkiaer [21].
Phytogeographical affinities were made to determine the listed species
in world geographical collections, according to Eig [22].

Al-Qunfidhah
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Figure 1. Map of the Kingdom of Saudi Arabia showing the study area.
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Figure 2. Climate chart showing the average annual range of temperatures and
precipitation in Al-Qunfudhah (1998-2019)

Vegetation measurements were determined to evaluate the vegetation
characteristics [ 23] as follows:

28

(number of individual species)

1. Density =

(area sampled)

(density for a species)

X 100

2. Relative density =
y (total density for all species)

(number of sampled quadrates in which species occurs)

3. Frequency =
q y (total number of quadrates sampled)

(frequency value for a species)

4. Relative frequency = x1
f eq y (total quadrate area) 0o
(the area occupied by the species)
. ver =
5 Co (the whole investigated area)
. total of quadrate area for a species’
6. Relative cover = /4 for aspecies) o 900

(total of quadrate area for all species)

7. Importance value(IV) = Relative density +
Relative frequency +
Relative cover

The importance value (IV) was defined according to Ludwig &
Reynolds [24]

2.3. Chemical composition

Samples of survived halophytic species were dried at 65 °C to a
steady weight [25]. For chemical analysis, the dried sample was
ground into a fine powder. Nitrogen was estimated using modified
Micro-Kjeldahl [26] and then multiplied by 6.25 to estimate the crude
protein (CP) value. Crude fiber (CF %) was estimated using the
filtration method, according to [25]. Ash content was detected
according to [25]. The ether extract (EE %) was determined using
petroleum ether at 60-80°C in Soxhelt apparatus [25]. Nitrogen free
extract (NFE) was calculated as follows: NFE% = 100 - (CP% + CF%
+ EE% + ash %).

Forage Quality: The digestible crude protein (DCP % in DM) was
measured by using equation (1) [27].

DCP (% in DM) =0.929 CP - 3.52. @)

Total digestible nutrients (TDN%, in DM) were evaluated by
using equation (2), where EE is % of ether extract, and CP is % of
crude protein [ 28].

TDN (% in DM) =0.623 (100 +1.25 EE) - CP 0.72 @)

Gross energy (GE kcal 100 g*) was calculated by using equation
(3), where CP is crude protein, EE is ether extract, CF is crude fiber,
and NFE is a nitrogen-free extract [29].

GE (kcal 100 g) =5.72 CP % + 9.5 EE% +4.79 CF% +4.03 NFE%
®

Digestible energy (DE Mcal kg ') was estimated by equation (4)
[29].

DE (Mcal kg?) = 0.0504 CP % + 0.077 EE% + 0.02 CF%
+0.000377 (NFE) 2 + 0.011 NFE% - 0.152 (@)

Metabolized energy (ME) was calculated by using equation (5),
where DE is digestible energy [30].

ME (Mcal kg-1) = 0.82 x DE (5)

Net energy (NE) was determined by using equation (6), where ME
is metabolized energy [31].

NE (Mcal kgt) = 0.5 * ME
2.4, Soil sampling and analyses

(6)

Three soil samples were collected randomly from the selected site
at 60 cm in depth. All samples from the same sub-plot were pooled
into one composite sample for physical and chemical analysis for a
given layer. Chemical determinations of the soil extract (Table 1) were
conducted referring to Jackson [32].

Table 1. Mean chemical and physical properties of soil at three sites at Al
Qunfudhah salt marshes (n=10)

Sites|pH‘ EC ‘ TDS Ca ‘ Mg | Na ‘ K ‘COa %§| SO4 Cl [Texture
ds/m mg/l meg/I

Site 1[7.82|34.5820726.00] 69.66 |31.88|241.31[2.24/0.12[1.37| 51.57 |304.00 Slsggqy

Slilte 8.25(34.5221038.14] 67.80 [79.18|192.284.47{0.55(1.99] 115.21 | 239.79 Slsggqy

S;'Itle 7.80(40.26[24239.90| 124.25|52.46| 231.31[1.24{0.26{1.73] 69.84 |347.57 Slzzg]y
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3. Results and discussion
3.1. Floristic composition

The data in Table 2 indicated that twelve plant species belonging to
ten families (Acanthaceae, Aizoaceae, Amaranthaceae, Boraginaceae,
Capparaceae, Convolvulaceae, Juncaceae, Poaceae, Tamaricaceae,
and Zygophyllaceae) were reported in the study area from February

2018 to January 2020. The most representative family was
Amaranthaceae and Aizoaceae. Each of them achieved 17% of the
plants found in the study areas. Each family was represented by
Suaeda monoica and Suaeda vermiculata of the Amaranthaceae
family, and Sesuvium verrucosum Raf. and Trianthema
portulacastrum L. of the Aizoaceae family. These results are
consistent with those obtained by [33, 34, 35].

Table 2. Floristic composition recorded in Al-Qunfudah salt marshes during February 2018 to January 2020.

; s Vernacular | Vegetation - - ] - .
Family name Scientific name name type Palatability P.P | Life form | Floristic categories
Acanthaceae Avicennia marina (Forssk.) Vierh. Mangrove Per P C3 Ch SA
Sesuvium verrucosum Raf. e;lbreﬁr_a per Up C3-C4 Ch NEO
Aizoaceae afbanria
Trianthema portulacastrum L. Laani Ann P C3 Ch PAN
Suaeda monoica Forssk. Suaeda Per P C4 Ch SuU
Amaranthaceae
Suaeda vermiculata Forssk. Suaeda Per P c4 Ch SA
Boraginaceae Heliotropium pterocarpum (Hochst. & Remram Ann Up C3 Ch SA +S-Z
Steud.) Jaub. & Spach.
Capparaceae Dipterygium glaucum Decne Saffer Per P C3 Ch S-Z
Convolulaceae Cressa cretica L. Molleih Per P C3 Ch ME+ IR-TR
Juncaceae Juncus rigidus Desf. Janakas Per Up C3 Ch SA+ IR-TR
Poaceae Aeluropus lagopoides (L.) Trin. Akrash Per P C4 Cr SA-SI
Tamaricaceae Tamarix nilotica (Ehrenb.) Bunge Athl Per P C3 Ph ME + SA + S-Z
Zygophyllaceae | Tetraena coccinea (L.) Beier & Thulin |  Mulaih Per Up C3 Ch SA
*P.P = photosynthetic pathway, Annual =Ann, Perennial = Per.; palatability; Palatable= P, Unpalatable= Up, photosynthetic pathway, and life forms; Ch =
Chameophyte, Ph = Phanerophyte,Cr = Cryptophyte and Floristic categories (Chorotypes): SA. = SaharoArabian, NEO: Neotropical, ME. = Mediterranean, PAN.
= Pantropical, SA-SI. = Saharo-Sindian, S-Z. = Sudano-Zambesian, SU = Sudanian. IR-TR: Irano-Turanian

Amaranthaceae and Aizoaceae families are considered as fugitive
species of a salt wetland of arid and semiarid regions and have the
capability to support a high level of salinity through osmoregulation
processes [36-37-38]. Ten plant species were perennials in respect to
vegetation type, while Trianthema portulacastrum L. and
Heliotropium pterocarpum (Hochst. & Steud.) Jaub. & Spach. are
annual, it could result from overgrazing for a long time, which led to
eliminating the most highly palatable annual plants [38]. Also, it could
indicate the dry climate prevailing in the study area.

Among twelve plant species (Table 2), eight species are considered
palatable  (Avicennia marina (Forssk.) Vierh., Trianthema
portulacastrum L., Suaeda monoica Forssk., Suaeda vermiculata
Forssk., Dipterygium glaucum Decne, Cressa cretica L., Aeluropus
lagopoides L. Trin., Tamarix nilotica (Ehrenb.) Bunge). Otherwise,
the remaining species are unpalatable (Sesuvium verrucosum Raf.,
Heliotropium pterocarpum (Hochst. & Steud.) Jaub. & Spach., Juncus
rigidus Desf., Tetraena coccinea (L.) Beier & Thulin.

In general, halophytes shrubs show some degree of a slight
palatable food intake, and they are usually grazed during the summer
and autumn seasons. Due to the significant lack of food, poor or
unpalatable bushes are attributed to the possibility of a high ash
content, which is a characteristic of these plants. Salts and nitrate, and
nitrite complexes may exist in some or others that contain anti-trophic
agents such as tannins, glycosides, phenolic compounds, saponins,
oxalates, alkaloids, etc. The presence of such plant secondary
metabolites makes halophytes less or unpalatable to animals.
Furthermore, their palatability enhanced when dried or mixed with
other forages. Consequently, these plants should be considered a
precious resource for pasture production, particularly during the dry
seasons [38- 39].

29
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Figure 3. Plant families documented at Al-Qunfudhah salt marshes from
February 2018 to January 2020.

According to the classification of Raunkiaer [ 21], as improved by
Govaerts et al. [40], three life forms were recorded (Figure 3). The
most numerous life form and were chamaephyte (83.33%= 10
species), while, Aeluropus lagopoides is cryptophyte (cr), and
Tamarix nilotica is phanerophyte (ph). Basahi, [41] detected the same
finding on the plant vegetation at the coastal region of Agaba Gulf.
The high percentage of chamaephytes is characteristic of the climate
of Sahara Arabian zone (arid zone) [41].

The chronological analysis of the floristic data indicated that the
Saharo-Arabian chorotype (30%) forms the main constituent of the
floristic structure in halophytic species found in Al-Qunfudah.


https://en.wikipedia.org/wiki/Acanthaceae
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Table 3. Mean values of halophytes vegetation documented at Al-Qunfudhah
salt marshes during February 2018 to January 2020.

D |[RD| C |RC| F |RF | IV

Scientific name individ % %

ual m?

Avicennia marina

(Forssk.) Vierh 0.03 {3.85|0.63|3.02|3.33(2.27|9.14

Sesuvium verrucosum

0.01 [{1.28]0.12|0.56|3.33|2.27 |4.11
Raf

Trianthema 0.01 |1.28]0.10|0.48 | 3.33|2.27 | 4.03
portulacastrum L.

Suaeda monoica Forrsk.| 0.08 |11.54| 3.68|17.51{30.00|20.45(49.50

S“aed?:g’f:s'ﬂ'cu'ata 0.08 |12.82| 5.23 |24.93(33.33|22.73|60.48

Heliotropium
pterocarpum (Hochst. & 0.02 |2.56|0.32|1.51|6.67 | 4.55 | 8.62
Steud.) Jaub. & Spach.

Dipterygium glaueum | 5> |5 56 0,15 0.71 | 6.67 | 4.55 | 7.82
Decne

Cressa cretica L. 0.03 |5.13[0.06|0.28 | 6.67 | 4.55 | 9.95

Juncus rigidus Desf. | 0.05 | 7.69 | 2.14]10.20{13.33| 9.09 |26.99

Aeluropus lagopoides | o |44 g7 551 |26.24|23.33]15.91[87.02
(L.) Trin.

Tamarix nilotica

(Ehrenb.) Bunge 0.02 | 2.56|0.83|3.97|6.67 | 4.55|11.08

Tetraena coccinea (L) | o3 | 3 85| 2.23 [10.60|10.00| 6.82 |21.26

Beier & Thulin
146.6

Total 0.65 | 100 |20.99| 100 7 100 | 300

D=density RD=relative density C=cover RC=relative cover F=
frequency RF= relative frequency V= Importance value

3.2. Vegetation description

The study of vegetation aims to give a clear picture of the current
state of vegetation cover, its current state, and the possibility of
improvement and conservation.

3.2.1. Plant density: Data in Table 3 indicate that halophytic
species show significant plant density (individual m?). The highest
value was recorded in Aeluropus lagopoides (0.29 individual m-
2). Aeluropus lagopoides are noticeable plants with several
physiological mechanisms that make them adapted and tolerate high
salt contents with different mechanisms, such as reducing salt entrance
to plant cells and excluding salt [42-43]. Meanwhile, Sesuvium
verrucosum Raf, and Trianthema portulacastrum L (0.01 individual
m2 for each) recorded the lowest value (Table 3). These results
indicate that the spreading of plant per unit area depends mainly on the
effect of the edaphic factors such as soil texture and soil depth; this
could, in turn, reflect on more plant growth and number. These results
are in agreement with those obtained by [33 -41].

3.2.2. Plant cover: is a critical component for assessing soil erosion
rates and vulnerability to land degradation [24]. Suaeda vermiculata,
and Aeluropus lagopoides achieved the highest coverage values (5.23
& 5.51 %, respectively). Suaeda vermiculata survive in salt marsh
habitats; it could be due to anatomical structure adaptations and
modifications [44]. Also, the abundance of C4 species was
predominant in saline regions because they had water use efficiency
and comparatively higher saline resistance [45]. On the other hand,
Cressa cretica achieved the lowest value (0.06). The variation in plant
cover could be attributed to more rainfall and soil depth react together
to induce more plant growth and number [46].

3.2.3. Plant frequency: indicates the number of times that plant
species have been found in a certain number of quadrats. Suaeda
vermiculata and Suaeda monoica is the highest value (33.33 and
30.00%, respectively).

4.2.4. Importance value (1V): It provides the ability of species to
tolerate environmental stress and their adaptation. The highest
importance value (IV) was recorded in Aeluropus lagopoides (87.02),
Suaeda vermiculata (60.48); these plants are biosynthesis of proteins
in C4 pathway plants [45]. The C-4 plants have an additional
photosynthetic pathway associated with adaptations to avoid drought

stress, and C4 plants have an obvious advantage in desert
environments and salt marsh systems [46].

Meanwhile, the low IV was recorded by Trianthema
portulacastrum L. and Sesuvium verrucosum Raf (4.03 and 4.11,
respectively). These species are halophytes due to their adaptability to
the high content of soluble salts and the low to medium calcium
carbonate content in the sabkhah soils [43].

3.3. Halophytes chemical composition

Grazing livestock production in natural pastures is influenced by the
role that grazing plants play as a food component on which animals in
arid and semi-arid regions depend mainly to produce meat, milk, and
wool. For this purpose, the study of chemical analysis and pasture
plants' nutritional values is considered one of the essential points of
study for pastures [47].

3.3.1. Moisture content (%)

The moisture content of the studied plants ranged from the lowest
(29.58%) in Aeluropus lagopoides to the highest (81.72%) in Tetraena
coccinea (Table 4). The high moisture content of tested plant species
could be due to their succulence ability to water as a means of osmotic
adjustment to survive in their saline habitat [33].

Table 4. Mean of chemical composition of halophytic plants recorded in Al-
Qunfudhah salt marshes during February 2018 to January 2020.

Moisture| Crude | Ether Ash Crude Nl;:ggen
Scientific name content | protein |extract] fiber .

%

Avicennia marina
(Forssk.) Vierh.
Sesuvium verrucosum
Raf.

Trianthema 66.28 | 8.14 | 9.01 [19.46|1852| 44.87
portulacastrum L.
Suaeda monoica Forrsk. | 71.61 | 8.04 | 6.10 [22.45|20.72| 42.69
Suaeda vermiculata
Forssk. 65.89 | 7.99 | 6.78 |24.90(21.25| 39.08
Heliotropium pterocarpum
(Hochst. & Steud.) Jaub. | 71.97 5.93 |10.62|23.47|24.84| 35.14
& Spach.
D'ptery%gglg'aucum 6250 | 5.44 | 6.95|19.19|25.16| 43.26
Cressa cretica L. 42.19 | 417 | 8.30 |35.45|23.18| 28.90
Juncus rigidus Desf. 4440 | 4.29 |839|555(30.11| 51.66

Aeluropus lagopoides (L)) 9956 | 347 | 8.39 |19.49(26.36| 42.20

52.28 | 5.60 | 7.09 |14.27|23.58| 49.46

76.18 | 8.11 | 7.00 |35.53[19.40| 29.96

Trin.
Tamarix nilotica (Bhrenb.) 5, 47 | 496 | 634 [21.04|23.10| 4456
Bunge . . . . . .
Tetraena coccinea (L) | g1 75 | 385 [11.99|28.79]|29.34| 26.00
Beier & Thulin

3.3.2. Crude protein (CP %): Results from Table 4 indicated that
Trianthema portulacastrum L. (8.14%) followed by Sesuvium
verrucosum Raf (8.11%) were the highest in crude protein content,
while the lowest percentage of crude protein was in Aeluropus
lagopoides (3.47%).

Halophytic species may be incorporated as fodder to a wide range
of animals due to its complementary crude protein (CP) and adequate
nutritional content. Riasi et al. [48] evaluated the digestible quantity
of crude protein interrelated to Atriplex was larger than the crude
protein contained in meadow vegetation. Similarly, Abd El-Hack et al.
[10] reported that CP content in A. halimus and A. nummularia ranged
from 18-31.5%, respectively. Likewise, the CP content of halophytic
species, viz., Salicornia bigelovii, Suaeda fruticosa, and Kosteletzkya
virginica are 31, 11, 32 %, respectively ([49-50]. Cressa cretica is a
short upright herb used as a feed, particularly for domestic desert
animals.

3.3.3. Ether extract (EE %):

The highest percentage of the ether extract (Table 4) was found in
a Tetraena coccinea, (11.99%) followed by Heliotropium
pterocarpum, (10.62%), while Suaeda monoica achieved the lowest
percentage (6.10%).
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3.3.4. Ash percentage

Ash is the mineral residue of burnt organic matter, which plays an
essential role in promoting growth. However, ash is a measure of the
feed's total mineral content, but it does not tell us how much of each
mineral is present. Ash is not digestible by animals; the high ash
content of feeds may dilute the number of nutrients available to the
animal [10]. The highest ash content was in Sesuvium verrucosum Raf
(35.45%) then Cressa cretica (35.45%), meanwhile, the lowest is
Juncus rigidus (5.55%). The high content of ash is observed as a
typical characteristic of halophyte plants [36].

The fact that a high content of ash is a typical characteristic of
halophytic forages has resulted in divisive concerns over the
bioavailability of mineral contents of these forages. However, the
mineral profiles of halophytic forages differ from those of traditional
ones. These differences may due in part to [51] forage species, stage
of growth, seasonality, the degree of soil and water salinity, etc. It
appears that these forages could be a source of some minerals to meet
ruminant animal requirements. In this context, the concentrations of
these minerals may balance the deficiency that may result from in
areas depending on grazing ranges e.g., desert and the coastal regions
([52]). Albert and Marianne, [53] and Gorham et al. [54] found that
some ions are present in frequent patterns, especially in certain taxons.
Sodium salts were found to accumulate in large concentrations in
dicotyledons compared with sulfate salts. The ratio of K:Na in these
plants was found to be less than one. Low salt concentrations are
characteristic monocotyledons like Poaceae and that the K:Na ration
is more than one.

3.3.5. Crude fiber (CF %)

The highest crude fiber percentage was found in a Juncus rigidus
(30.11%) followed by Tetraena coccinea (29.34%), while Trianthema
portulacastrum L. (18.52%) achieved the lowest content (Table 4).
Crude fiber and ether extract contents increased in the species that
contained less protein and decreased in the species with high protein
content. Similar findings were reported in earlier studies by [52-55].
In general, there is an opposite relationship appeared between crude
protein and crude fiber content. These results are consistent with [ 55].

Alghamdi , [56] found that crude fiber content of halophytic species
detected in Ha’il , Saudi Arabia ranged from 4.1- 20 %. The highest
content was detected in Salsola imbricata, Aeluropus lagopoide, and
Salicornia strobilacea, making them preferable for grazing animals.
Attia-I1smail, [50] reported that forage species with high fiber content
are usually better accepted by cattle than by sheep and goats

3.3.6. Nitrogen free extract (NFE %): a vital part of animal feed
evaluation. This is part of a rough analysis and is the only ingredient
that has not been analyzed and focuses on the sugar and starch content
in animal feedstuff. The maximum nitrogen-free extract content
(Table 5) was in Juncus rigidus (51.66%) then Avicennia marina
(49.46%), while the minimum was in Tetraena coccinea (26.00 %).

3.4. Nutritional value

The nutritional values of the forage plant are the outcome of the two
major components: i) nutritive value and ii) voluntary intake by
grazing animals (livestock) and palatability [31- 57]. In this
experiment, the nutritional value of halophytic species survived in Al
Qunfudhah was assessed according to calculated equations.

3.4.1. Gross energy (GE) could be defined as the overall energy
value of the feed or diet, in which feedstuff supply is oxidized to water
and COz. Gross energy ranged between 330.202 in Cressa cretica and
456.661 Juncus rigidus Desf Kcal 100 g* (Table 5).

3.4.2. Total digestible nutrients (TDN) consider significant
indicators for forage quality assessment. TDN ranged from 61.26-
68.84% (Table 6). The highest value was recorded in Tetraena
coccinea, while the lowest value was detected in Suaeda monoica.

3.4.3. Digestible crude protein (DCP %) is expressed as the
amount of CP absorbed by animals. In the current work, the content of
DCP of the tested species is classified well as per the index
recommended by [58]. The highest values were found in Sesuvium
verrucosum Raf, and Trianthema portulacastrum L., while the lowest
values were detected in Tetraena coccinea (Table 5).
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Table 5. Nutritive value and forage quality of halophytic species growing in

DCP
GE TDN In DE | ME | NE
Scientific Name DM
kcalrlloo % Mcal Kg*
i _ _ g
A‘”Ce””'awerr'i?a (Forssk.) | 411 659 63.789 | 1.682| 2.614| 2.144 | 1.072
Sesuvium verrucosum Raf. | 326.554[61.912]4.014|1.852|1.518|0.759
Trianthema portulacastrum L. | 401.693 | 63.456 |4.042[2.575[2.112 | 1.056
Suaeda monoica Forrsk. 375.228 | 61.262|3.949|2.294]1.881]0.941
Suaeda vermiculata Forrsk. |369.393|61.827|3.903]2.203|1.807|0.903
Heliotropium pterocarpum
(Hochst. & Steud.) Jaub. & |395.407 [66.301|1.989|2.313|1.897|0.949
Spach.
Dipterygium glaucum Decne | 391.996 |63.7961.534]2.342|1.920|0.960
Cressa cretica L. 330.202 [ 65.7610.354[1.794]1.471{0.735
Juncus rigidus Desf. 456.661 | 65.745(0.465)2.887[2.367|1.184
Ae'“r"p”S'Tar?r‘]’po'des (L) | 306.247 | 66.335 | 0.296 | 2.336| 1.915| 0.958
Tamarix ”gﬂtr:gz (Bhrenb.) | 376 827 | 63.666 | 1.088 | 2.287 | 1.875| 0.938
Tetraena coccinea (L) Beier & 31 417 | 68.844 | 0,085 2.004| 1.717 | 0.859

Al-Qunfudhah salt marshes during February 2018 to January 2020.

3.4.4. Digestible energy (DE Mcal Kg-1) and metabolized
energy (ME Mcal Kg-1)

The maximum values of ME and DE were recorded in Juncus
rigidus Desf, accounting for 2.36 and 2.88 Mcal Kg, respectively. In
contrast, the lowest value was detected in Cressa cretica, accounting
for 1.47 and 1.79 Mcal Kg!, respectively. These data are in agreement
with those reported by Heneidy, [57] and EI-Shesheny et al. [59].

Attia-Ismail [52] documented that, the nutritive value of halophyte
species such as metabolizable energy (ME) appears to depend strongly
on plant maturity. Energy contents of both traditional forages and
halophytic ones were found to be similar and had no significant
differences.

3.4.5. Net Energy (Mcal Kg-1)

In the current work, NE fluctuated between 1.184 in Juncus rigidus
Desf and Cressa cretica 0.735 Mcal kg? (Table 5). Alghamdi, [56]
who detected some halophytic species, which survived in Hail (KSA),
noticed the same finding and have high to reasonable contents of
protein, fat, and fiber that make them potential resources as forages
[56].

Correspondingly, more research findings and efficient governance
are needed to sustain the grazing system and help make this system
better without degradation.

4. Conclusions

Halophytic plants exist in several Saudi Arabia regions due to the
presence of coastal saltmarshes along the Red Sea and inland
saltmarshes (Sabkhas).

This study comprises a survey of the halophytic vegetation and their
life form at Al-Qunfudhah governorate, Emirate of Makkah Province,
KSA, during February 2018 to January 2020. Twelve plant species
belonging to 10 families were detected. The Amaranthaceae and
Aizoaceae were the dominant family, and chamaephyte (10 plant
Species) was the predominant life form. Forage nutritional and quality
parameters [Crude protein (CP), The digestible crude protein (DCP),
Total digestible nutrients (TDN), Gross energy (GE), Digestible
energy (DE), Metabolized energy (ME) and Net energy (NE)] were
detected in survived plant species. The data revealed that some
halophytic species could be considered a vital resource of ruminant
animals, especially during harsh conditions. The number and size of
plant species in Al-Qunfudhah are reduced due to human activities like
development, overgrazing, and woodcutting.

Additionally, planting some halophytic species on saline soil and
irrigated with brackish or saline water could be a valuable strategy for
saving freshwater in poor regions of freshwater worldwide and
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providing high-quality fodders, and increasing animal products in such
areas.

Iiotropium pterocarpm (ochst. &
Steud.) Jaub. & Spach. - Boraginaceae

3 92 ®

Avicennia marina (Forssk.) Vierh. -
Acanthaceae

Suaeda monoica Forssk. -
Amaranthaceae

Suaeda vermiculata Forssk.-
Amaranthaceae

Dipterygium glaucum Decne -
Capparaceae

eluropus lagopoides (L.) Trin. -
Poaceae

s

Sesuvium verrucosum Raf -
Aizoaceae

Trianthema portulacastrum L. -
_Aizoaceae

Tetraena coccinea (Zygophyllum
coccineum) (L.) Beier & Thulin.-
Zygophyllaceae

Juncus rigidus Desf. - Juncaceae

Author Contributions: All authors contributed to the study's
conception and design. Material preparation, data collection, and
analysis were performed by Muna Abd Al-Rahman. Al-Malki,
Hanan El-Sayed Osman and Mohamed Helmy EIl-Metwally EI-
Morsy. The first draft of the manuscript was written by Mohamed

32

Helmy EI-Metwally EI-Morsy and all authors commented on
previous versions of the manuscript. All authors read and approved the
final manuscript.

Conflicts of Interest:
The authors declare that they have no conflict of interest.
References

[1] ©.S.B. Al- Amoudi. Response of sabkha to laboratory tests: A
case study. Engineering Geology, 33(2), 111-125, 1993.

[2] D.JJ. Kinsman, R.K. Park. Studies of recent sedimentology and

early diagenesis, Trucial Coast, Arabia Gulf: 2", Regional

Technical Symposium Society Ptr. English of AIME, Saudi

Arabia Section, 1969.

T.J. Flowers, T.D. Colmer. Plant salt tolerance: adaptations in

halophytes. Annals of Botany. 2015, 115(3), 327- 331,

http://dx.doi.org/10.1093/aob/mcu267.

V.H. Heywood, R.K. Brummitt, A. Culham, O. Seberg.

Flowering Plant Families of the World. Kew Publications, ISBN:

9781842461655, 2007.

K.H. Batanouny. Halophytes and halophytic plant communities

in the Arab region In: "Halophytes as a resource for livestock and

for rehabilitation of degraded lands, Tasks for vegetation science,

V.R. Squires, A.-T. Ayoub (Eds.), 32, 139-163., Springer,

Dordrecht. 1994.

Halophytes of Saudi Arabia [online].

Website.http://www.plantdiversityofsaudiarabia.info/Biodiversit

y-Saudi-Arabia/Vegetation/Halophytes.htm [accessed 2/ 2020].

D.S.D. Araujo, M. C. A. Pereira. Sandy coastal vegetation. In:

Encyclopedia of Life Support Systems. EOLSS Publications:

Paris, France, 2009, 173-189.

M. Qasim, S. Gulzar, M.A. Khan. Halophytes as medicinal

plants. In: Ozturk M, Mermut AR, Celik A (eds) Urbanisation,

land use, land degradation, and environment. Daya Publishing

House, Dehli. 2011, 330-343

G. Cristiano, S. Camposeo, M. Fracchiolla, G. A. Vivaldi, B. De

Lucia and E. Cazzato. Salinity differentially affects growth and

ecophysiology of two mastic tree (Pistacia lentiscus L.)

accessions. Forests. 2016, 7(8):156

[10] M.E. Abd El-Hack, D.H.Samak, A.E. Noreldin, M. Arif,
H.S.Yaqoob, A.A. Swelum. Towards saving freshwater:
halophytes as unconventional feedstuffs in livestock feed: a
review. Environ Sci Pollut Res Int. 2018 (15):14397-14406. doi:
10.1007/s11356-018-2052-9. Epub

[11] B. Vesey-Fitzgerald. The ladybird book of British wild flowers.
Ladybird books, 536 series, Wills and Hepworth Books Ltd.,
1957.

[12] A. Alatar, M. A. El-Sheikh, J. Thomas. Vegetation analysis of
Wadi Al-Jufair, a hyper-arid region in Najd, Saudi Arabia. Saudi
Journal of Biological Sciences. 2012, 19(1), 34- 54.

[13] F. Salama, M. Abd EI-Ghani, N. El-Tayeh. Vegetation and soil
relationships in the inland wadi ecosystem of central Eastern
Desert, Egypt. Turkish Journal of Botany. 2013, 37, 489- 498.

[14] L.B. Jonah. Economic of production and marketing of beef cattle
in Efate. Vanuatu, Bachelor of Agriculture project, The
University of South pacific, School of agriculture, Aalafua
campus, Apica, Samoa, 2004.

[15] D.J. Minson. Forage in ruminant nutrition” Academic Press, San
Diego, California, USA, 1990.

[16] M. G. El-Hag. Animal Feed Resources in the Sudan, Potential,
Supply and Problems, a paper presented at a Workshop on,
Livestock Policy, Range and Feed Utilization Guideline for
Drought-prone, African countries. Khartoum, Sudan, 1985.

[17] H. Walter, E. Harnickell, D. Mueller-Dombois. Climate Diagram
Maps of the Individual Countries and the Ecological Climatic
Regions of the Earth”. p. 36, Springer, Berlin, Germany, 1975.

[18] A.M. Migahid. Flora of Saudi Arabia. Vols. I-1l1. Jeddah: King
Abdul Aziz University Press, 1996.

[19] S.A. Chaudhary. Flora the Kingdom of Saudi Arabia Illustrated”.
National herbarium ministry of agriculture and water Kingdom
of Saudi Arabia, Riyadh, Saudi Arabia, 1999 — 2001.

(31

[4]

(5]

(6]

(7]

(8l

[9]


http://dx.doi.org/10.1093/aob/mcu267

Journal of Umm Al-Qura University for Applied Science 7 (1), (2021) 27-33

Mohamed H. M. EI-Morsy et al.

[20] Flora of Saudi Arabia checklist [online]. Website
http://www.plant diversity of saudiarabia.info/Biodiversity-
Saudi-Arabia/Flora/Checklist/Cheklist.htm[accessed 2/ 2020].

[21] C. Raunkiaer. The plant life forms and statistical plant
geography. Oxford, Clarendon Press, p. 632. , 1934.

[22] A. Eig. Les elements et les groupes phytogeographiques
auxiliaries dans la flore palestiniene. Feddes Repertorium. 1931,
63, 470- 496.

[23] D. Mueller-Dombois, H. Ellenberg. Aims and methods of
vegetation ecology. John Wiley and Sons, New York, 1974,
pp.547.

[24] J.A., Ludwig, J. F., Reynolds. Statistical Ecology: a primer on
methods and computing. New York, USA, 1988.

[25] Association of Official Analytical Chemists, (A.0.A.C)),
"Association of official analytical chemists, official methods of
analysis”. 18" ed., Washington, USA, 2000.

[26] K. Peach, M.V. Tracey. Modern methods in plant analysis. Vol.
I, Springer- Verlag, Berline, 1956.

[27] K.H. Shaltout, T.M. EL-Komi, M. Ebrahem. Seasonal variation
in the phytomass, chemical composition and nutritional value of
Azolla filiculoides Lam. Along the water courses in the Nile
Delta, Egypt. Feddes Repertorium. 2012, 123 (1), 37- 49.

[28] M.A. Abou El-Naga, K. El-Shazly. The prediction of nutritive
value of animal feeds from chemical analysis. The Journal of
Agricultural Science. 1971, 77(1), 25- 37.

[29] NRS/Nutrient Requirements of Sheep, National Research
Council. National Academy Press, Washington, DC, 1984.

[30] W. Garrett. Energy utilization by growing cattle as determined in
seventy-two comparative slaughter experiments. In: "Energy
Metabolism”, Mount, L.E. (Ed.), Butterworths, London, 1980.

[31] H.N. Le Houerou. Chemical composition and nutritive value of
browse in tropical West Africa. In: "Browse in Africa”, Le
Houerou, H.N. (Ed.), ILCA, Addis Ababa, Ethiopia, 1980.

[32] M.L. Jackson. Soil Chemical Analysis. Prentice Hall, Inc.,
Englewood Cliffs, NJ. 498, 1958.

[33] M.A. Al-Fredan. Sand dune and Sabkha vegetation of Eastern
Saudi Arabia. International Journal of Botany. 2008, 4(2), 196-
204.

[34] H. Chenchouni. Edaphic factors controlling the distribution of
inland halophytes in an ephemeral Salt Lake “Sabkha ecosystem”
at North African semi-arid lands. Science of The Total
Environment. 2017, 57(1), 660- 671.

[35] S.A. Ghazanfar, B. Boer, A.W. Al Khulaidi, A. El-Keblawy, S.
Alateeqi. Plants of Sabkha Ecosystems of the Arabian Peninsula.
In: "Sabkha Ecosystems". Tasks for Vegetation Science, vol. 49.
Springer, Cham, 2019, https://doi-
org.sdl.idm.oclc.org/10.1007/978-3-030-04417-6_5.

[36] J.G. Engels, F. Rink, K. Jensen. Stress tolerance and biotic
interactions determine plant zonation patterns in estuarine
marshes during seedling emergence and early establishment.
Journal  of  Ecology. 2011, 99(1), 277- 287,
http://dx.doi.org/10.1111/j.1365-2745.2010.01745.x.

[37] J. Rozema, H. Schat. Salt tolerance of halophytes, research
questions reviewed in the perspective of saline agriculture.
Environmental and Experimental Botany. 2013 , 92, 83- 95.

[38] M.H.M. El-Morsy, Relative importance of salt marshes as range
resources in the North Western Mediterranean Coast of Egypt.
Journal of Phytology. 2010, 2(3), 39-50.

[39] H.M. EI Shaer, S.A. Attia-Ismail. Halophytes as animal feeds:
potentiality, constraints, and prospects. Proceedings of
International Symposium on “The Optimum Resources
Utilization in Salt-Affected Ecosystems in Arid and Semi-Arid
Regions, Cairo, Egypt, 2002, pp. 411- 418.

[40] R. Govaerts, D.G. Frodin, A. Radcliffe-Smith, S. Carter. World
checklist and bibliography of Euphorbiaceae (with Pandaceae).
Kew: Royal Botanic Gardens. 2000, p. 1621.

33

[41] R.A. Basahi. Plant Diversity of the Coastal Regions of Gulf of
Aqgaba, Saudi Arabia. Annual Research & Review in Biology.
2018, 26(3), 1-11.

[42] S. Mohsenzadeh, M.A. Malboobi, K. Razavi, S. Farrahi-
Aschtiani. Physiological and molecular responses of Aeluropus
lagopoides (Poaceae) to water deficit. Environmental and
Experimental Botany. 2006, 56, 314-322.

[43] A. Kumar, A. Kumar, C. Lata, S. Kumar. Eco-physiological
responses of Aeluropus lagopoides (grass halophyte) and Suaeda
nudiflora (non-grass halophyte) under individual and interactive
sodic and salt stress. South African Journal of Botany. 2016, 105,
36- 44.

[44] S. Gulzar, M.A. Khan. Seed germination of a halophytic grass
Aeluropus lagopoides. Annales Biologiques. 2016, 87(3), 319—
324,

[45] A. Atia, M. Rabhi, A. Debez, C. Abdelly, H. Gouia, C. Haouari,
A. Smaoui, Ecophysiological aspects in 105 plants species of
saline and arid environments in Tunisia. Journal of Arid Land.
2014, 6(6), 762-770.

[46] J.R. Ehleringer, T.E. Cerlinng, B.R. Helliker. C4 photosynthesis,
atmospheric CO2, and climate. Oecologia. 1997, 112, 285- 299.

[47] C.P. Mudzengi, E. Dahwa, C.S. Kapembeza. Livestock Feeds
and Feeding in Semi-Arid Areas of Southern Africa. In:
"Livestock Health and Farming”, M. Abubakar (Ed.), 2020,
Intech Open, https://www.intechopen.com/about-intechopen.

[48] A. Riasi, M. D. Mesgaran, M. D. Stern, M. R. Moreno. Chemical
composition, in situ ruminal degradability, and post-ruminal
disappearance of dry matter and crude protein from the
halophytic plants Kochia scoparia, Atriplex dimorphostegia,
Suaeda arcuata and Gamanthus gamacarpus. Animal Feed
Science and Technology. 2008, 141, 209-219.

[49] M. McGinley, C. M., Hogan, C. Cleveland. World wildlife. In
Petenes mangroves (Ed.), Encyclopedia of earth. Washington,
DC: National Council for Science and the Environment. 2010.

[50] S. A. Attia-Ismail. Rumen physiology under high salt stress. In:
El Shaer and Squires, editors. Halophytic and Salt Tolerant
Feedstuffs: Impacts on Nutrition, Physiology and Reproduction
of Livestock. 2015, 349. CRC Press, 357.

[51] S.A. Attia-Ismail. Role of minerals in halophyte feeding to
ruminants. In: Prasad MNV, editor. Trace Elements: Nutritional
Benefits,  Environmental  Contamination, and  Health
Implications. Wiley, Hoboken, New Jersey; 2008.

[52] S. A. Attia-Ismail. Halophytes as forages. In New perspectives in
forage crops. Rijeka: InTech. 2018. p. 69

[53] R. Albert, P. Marianne. Chemical compositions of halophytes
from Neusiedler lake region in Australia. Oecologia. 1977,
27:157-170

[54] J.L. Gorham, W. Hughes, R.G. Jones. Chemical composition of
salt marsh plants from Ynys Mom (Anglesey): The concept of
physiotypes. Plant, Cell and Environment. 1980,3:309-318

[55] A.E.M. Mahmoud, M. S. Abbas, A. Cieslak, M. Szumacher-
Strabel. Evaluation of chemical composition and in vitro dry and
organic matter digestibility of some forage plant species derived
from Egyptian rangelands. Journal of Animal and Plant Sciences.
2017, 27(5), 1571-1581.

[56] A.A. Alghamdi, Potential of some halophytic plants as animal
forage in Ha'il/ Saudi Arabia. International Journal of Botany
Studies, 2017, 2(1), 9-13.

[57] S.Z. Heneidy. Palatability and nutritive value of some common
plant species from the Agaba Gulf area of Sinai, Egypt. Journal
of Arid Environments. 1996, 34(1), 115-123.

[58] G. Boudet, R. Rivere. Emploi pratique des analyses fourrageres.
Pour L, appreciation des paturages tropicaux Rev. ELevage
Medecine Veterinaire Pays Tropical. 1968, 2(21), 227-266.

[59] M.A. El-Shesheny, S.H. Hendawy, K.M., Ahmed. Assessment of
productivity, botanical composition, and nutritive value of some
plant communities at Sidi-Barrani in North-Western Coast of
Egypt. Annals of Agricultural Science. 2014, 59(2), 155-163.


https://doi-org.sdl.idm.oclc.org/10.1007/978-3-030-04417-6_5
https://doi-org.sdl.idm.oclc.org/10.1007/978-3-030-04417-6_5
http://dx.doi.org/10.1111/j.1365-2745.2010.01745.x

