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ARTICLE INFO ABSTRACT

This study aimed to determine and compare the ceitipo, diversity and density of canopy and

Article history: regeneration layers; and to examine how the uratgrspecies richness differ from the overstory in
Received: June 23, 2020 the forests in AlGalabat area, AlGadarif State Taa were collected from 36 systematic circular
Accepted after corrections sample plots of 0.1 ha., with intervals of 200 ntwigen each plot representing six vegetation sites
April 18, 2021 along different topographical feature. A total 468 stems of mature woody vegetation and 962 stems
of regeneration, representing 37 species, belongind6 families were identified. Number of
Keywords: ecological parameters and indices has been stdaiegach plant species and vegetation community

for both canopy and regeneration layers. The reseltealed that canopy layer was most dense and
Species diversity, diverse in all sites when compared to regenerdtiper. Cephalocroton cordofanusas recorded the
phytosociological parameter,  highest value of importance value index (IVI= 12).4nd relative density (59.94%) in the canopy
woody vegetation layer.

1. Introduction

Sudan is considered one of the largest African t@mwith an area of 1882000 square kilometerschvh
highly exhibit variation in topography, soil typesid climate that reflected in diversification ofge¢ation
distribution from north to southidarrison and Jackson (1958pssified the vegetation of the Sudan into desert
semi-desert, low-rainfall woodland savanna, highfedl woodland savanna and mountain vegetatiore Jtady
area corresponds to AlGalabat (AlGadarif StateteeasSudan), which is located in low rainfall woeali
savanna. The future composition of forests depemdthe potential regenerative power of the woodscis
within a forest stand in space and tithkenle et al., 2004)Presence of sufficient number of seedlings, sgpli
and young trees in a given forest indicate a swfaksegeneratiorfSaxena and Singh, 1984fhis area was
selected to be studied due to its importance a®btiee richest and diversified vegetation regiangddition to
the fact that there is no previous detailed st@dyarding the vegetation of this region.

The objectives of the current study were to deteengind compare the composition, diversity and tensi
the regeneration and canopy layers and to examiwe the understory species richness differs from the
overstory in the forests.

2. Materialsand M ethods
2.1 Study Area

The study area is located in the southeast®@&darif State in Sudan, it is bordered by thetessEthiopian
boundaries, which lies between 12° 21°and 12° 3230P 35" and 30° 35" E (Figure 1).

Regarding the climate of the study region, dhea is classified as low rainfall woodland sawarin clay
(Harrison and Jackson, 1958)he average annual precipitation is around 670, s concentrated in a
relatively short summer season, that extends frame Jo September. As for temperatures, the anwaahge is
about 28.7 °C. The temperature ranged from a mimmawerage of 21 °C, reached in January to a maximum
average of 36.4 °C, attained in April and M&gulieman, 2008)

2.2. Data collection and analysis
2.2.1. Data collection

The vegetation data were collected from 36esyatic circular sample plots of 0.1 ha. (Radius7=84) with
a separation distance of 200 m between each glotesenting 6 vegetation sites along different gogghical
feature using the Global Positioning System (GR=¥nin version 12).

Plant species in each plot were counted and redatdedividual level, and then, the plant specimemre
collected, numbered, pressed in drying paper, dedtified by following the method described bgwrence
(1969) and Froman and Bridson (199Zhe plant specimens were deposited in the Savasks Herbarium
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(Forestry and Gum Arabic Research Centre) afteffiroation of the identification. The arrangementdan
classification of families in this study were ddndlowing the Linear Angiosperm Phylogeny Group (R&) Il
(Haston et al., 2009)

. Gedaref State
l Study areas

A Gadarif

"0 0 30 Kilometers
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Figure 1. Situation of the study area
2.2.2. Data analysis

A). Phytosociological analysis

In order to assess the dominance of species inehetation communities, density, frequency and danoce
were converted to relative values and summed taimibnportance value index (1VI) as reportediyngoli and
Shivakoti (2001) and Chaudhry et al. (2006).

Density (D) = Number of plants of a certain species
Total area sampled

Relative density (RD %) = Density of species x100
Total density of all species

Abundance (A) = Total number of individual x 100
No. of quadrate where species occur

Relative abundance (RA %) = Abundance of speci&30x
Total abundance of all species

Frequency (F %) = No. of quadrate where speciesroct00
Total numbers of quadrate

Relative frequency (RF %) = Frequency of specig&fX
Total frequency of all species

Importance value index (IVI) = RD% + RA% + RF%

B). Diversity indices
The species richness was determined as the tatatberuof species present in the studied site. Tz

diversity index was applied to estimate the woothnpspecies diversity along the study af8hannon, 1963)
This index was calculated by the following equation

Hs= — } pi Inpi
Where, pi’ is the proportion of individuals found in the’‘species andih’ denotes the natural logarithm.

Besides, the Pielou index was used for the estimaif species evenness (Bielou, 1966) This index was
calculated by the following equation :
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E = H'/In§
Where:H' is the Shannon-Wiener diversity measure &islthe number of species.

Species distribution test and comparisons of thedyalant species composition between the diffeptots
were estimated using the single linkage clustelyaigabased on Jaccard similarity, using the gtesissoftware
named Biodiversity Pro version n{®IcAleece, 1998)

3. Resultsand discussion
3.1. Floristic composition

Among the 1163 stems of mature woody vegetation thed962 stems of regeneration measured in 36
sample plots, 37 species belonging to 16 familiesewidentified (Table 1). The family represented thg
highest number of species was Fabaceae (12 spefibisjved by Combretaceae (6 species), Malvac@ae (
species), and the families Rhaminaceae, Euphoidiaead Ancardiaceae were represented by 2 spewies f
each, while for the other ten families, they weaxpresented by one species (Table 1).

Information on the species composition of a foregssential for its wise management in terms ohemic
value, regeneration potenti@yatt-Smith, 1987)and ultimately may lead to conserve the bioldgitteersity
(Verma et al., 1999)

In terms of species richness AlGalabat area haweshaoelatively lower number of sampled woody sp&cie
(37 species) when compared to that of Jebel El(@&irspeciesismail & Mahmoud, 2007)Nuba Mountains
(64 speciesjlsmail, 2013)and Jebel Al Gerri (44 specig$dmail & El Sheikh, 2015)

Species from the family of Fabaceae were the nasnwon in the study area. The abundance of Fabaoedd
be explained by the fact that most of these spemiespalatable and grazed by animals, which fatdlithe
dispersal and distribution of their seeds all aherstudy area.

3.2. Density

The total density of woody plant in canopy layatged between 483.35 stem*hin Jebel Abgunfa (Site 3)
to 165.02 stem ha, in Jebel Yasin. (Site 2). On the other hand toh@ density of the regeneration layer ranged
between 506 stem Hain Khor Jebel Dolar (site 6) to 78 stem‘hm Khor Yabis (site 5) (Figure 2). The highest
values of relative density in canopy layer wereorded byCephalocroton cordofanu$9.94%)in Jebel Hadad
(Site 1), followed byBoswellia papyrifera31.31%),Ziziphus spina-christ{33.14 %), in Khor Kunena (Site 4),
Combretum hartmannianuri?27.84%) % in Jebel Hadad (Site 1Balanitesaegyptiaca(26.74%) in Khor
Kunena (Site 4) antaytenussenegalensi§22.22%) in Jebel Yasin. While the least value W&8% which
was recorded bgsparagus flagellarisDalbergiamelnoxylorandCombretuncollenumin Jebel Hadad (Site 1).
The regeneration status in El Galabat district egped that the highest values of relative denséewecorded
by Ziziphus spina-christf49.17%) in Site 4 (Khor Kunena) followed Bychrostachys cinere§43.59%) in Site
5 (Khoy Yabis),Acacia seya(39.23%) in Site 1 (Jebel Hadat)aytenussenegalensi§36.49%) in Site 2 (Jebel
Yasin). While the least value was 0.37% recordedAbgicia seyaland Ziziphus abyssinican Site 3 (Jebel
Abganfa) (Table 1).

= Density of canopy layer = Density of regeneration layer
483,4 506
440 453,3
344
304
246,7 240
194
162,5 165,0
78

Site 1 (Jebel Site 2 (Jebel Site 3 (Jebel Site4 (Khor Site5 (Khor Site 6 (Khor
Hadad) Yasin) AbGunfa) Kunena) Yabis) Jebel Dolar)

Figure 2. The total density (stem Hafor both canopy and regeneration layers in diffiersites
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3.3.Dominance

Dominance was determined as the importance valdexirflVl). The results revealed th@ephalocroton
cordofanus(IVI= 129.48) dominated the canopy layer of Site(Jebel Hadad), followed b¥ombretum
hartmannianum(IVI= 74.84). Whereas in the regeneration layeiphus spina christivas dominant with VI
value of 96.59 followed bycacia seyaDel. var.seyallVI =91.07.Boswellia papyriferadominated the canopy
layer in Site 2 (Jebel Yasin) with IVI value of 18, followed byMaytenussenegalensisihile Dichrostachys
cinereadominated regeneration layer with (IVI=75.6), éolled byLannea fruticosan site 3 (Jebel Abganfa)
which dominated in both vegetation layers followled Combretumhartmannianumin canopy layer and
Dichrostachys cinerean regeneration layer. in Site 4 (Khor Kuner&iphus spina-christdominated both
layers, followed byBalanitesa aegyptiacahe Canopy layer of Site 5 (Khoy Yabis) dominabgdAcacia seyal
and followed byZiziphus spina-christiWhile regeneration layer was dominated Dighrostachys cinerea
Lannea fruticosadlominated canopy layer and regeneration layer datd byDichrostachys cinerefollowed
by Ziziphus spina-christiand Balanites aegyptiacaTable 1). Despite the dominance Gephalocroton
cordofanusin Site 1 (Jebel Hadad). All the encountered irttiigils of the species were stunted due to the over
grazing since the plant is considered as one ofrtbst palatable species for animals. Accordingheoresults,
the dominance ofCephalocroton cordofanusand Combretum hartmannianurm canopy layer could be
attributed to the suitability of the environmenfalctors to requirements of those species espectally
precipitation amounts and the type of soil.

The results obtained herein revealed that, moghefwoody species fails to regenerate, includingeso
economically important species suchfgscia nilotica, Adansonia digitata, Tamarindusical Acacia hochii,
Sterculia setigera, Ximenia americana, Feretia agrutiera, Boscia angustifolia, Combretum mollis,
Pterocarpus lucenand Bauhinia reticulata this Might due to the overgrazing and the laclseéds soil in the
soil bank, Which could be the consequence of tmeoral of seeds from soil by rainwater during thimya
season, specially that the area is characterizets iwgh slopes, Moreover, seeds viability coudddifected by
the biotic factors such as the attack of seed bdreetles or any other pests immediately afteffrihits being
ripe. Therefore, the density and the dominancepeties in regeneration layer in all sites is lotem that of
canopy layer, these suggestions were in concordaitbethe fact, which states that the regeneraioaffected
by both abiotic (environmental factors) such amate, fire, soil; and biotic factors such as owegsstructure,
overgrazing and soil seed bardofja, 2014 Bose, 2016)

3.4. Species richness and diversity indices

The diversity among the different sites in termspécies richness showed that the highest speiviesity
was observed in sites 5 of canopy layer with aiggecumber of eighteen; followed by site 6 withsigcies.
While the highest number in regeneration layer regerded by site 3 with 13 species, followed bg &itwith
12 species, whereas sites 1, 4 and 5 in regenetatier were recorded the least number of spetispécies).
The biodiversity indices of canopy layers variednfo2.47 as the highest value to 1.1 as the lowaktey
whereas site 5 recorded the highest values of Simadiversity index (2.47) and evenness index (Q.6éile
the highest value of Simpson index was (0.88) &by site 1. For the regeneration layer, sita@ved the
highest Shannon diversity index (1.96). The highasie of Pielou evenness index was 0.74 that Wwawead by
site 5. and the highest Simpson index value (Ou&fk) showed by site 2 (Figures 3 and 4).

The mentioned above values of Shannon andnegsnindices are relatively close to that of J&iBlair
(Ismail and Mahmoud, 20)@nd of Rashad and Alabasgiamail and Elawad, 2017)his might be attributed
that all these areas are similar in their environtalecondition and topography especially most stddiites are
mountainous, in addition to that all these areas @assified as low rainfall woodland savanna ofi&u
(Harrison and Jachson, 1958) general view, the values of diversity indicdsegeneration layer are relatively
low when compared to those of canopy.
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Table 1. Relative density (Rd%), Importance Value Index jlo1 canopy and regeneration layers of six studitzs

Canopy layer Regeneration layer
Sitel Site2 Site 3 (Jebel Site4 Site5 (Khoy | Site5(Khor | Sitel (Jebel Site2 Site3 Site 4 (Khor Site5 Site5
(Jebel (Jebel abganfa) (Khor Yabis) Jebel Dolar) Hadad) (Jebel (Jebel Kunena) (Khoy (Khor
plant species Hadad) Yasin) Kunena) Yasin) abganfa) Yabis) Jebel
Dolar)
2| |2|2 |82 |5 |8 || |2 |8 || |= |2 |=|2|5 |8 |5 |B|5 |&|2
Aspar agaceae
Asparagus flagellaris
(Kunth) Baker, 03] 57| o 0 0 0 0 0 0 0 0 0 0 0 0 ) q ) 0 0 0
Zygophyllaceae
(E?_a)'aggﬁ’lseaegyp“aca 0| o 3| 132] o o| 264 66 74 208 07 54 0 b 1359 [8.0 0 23 | 604| 77 344 23 60
Celastraceae
Maytenus senegalensis | o | 25 | 492| 414 211 o0 0 0 0 33 14 365 (769 |5.21 0 0 0 0| osl 713
(Lam.) Exdl.
Fabaceae
C\zﬁ‘g'a hockiDe o | ol o] o 0 0 o| o| o 0 2| 13 o 0 o J ( o 0 o
Acacia niloticasubsp.
tomentosdSchum. & | 0 o] o 0 0 0| o058 69 0O 0 0 0 0 0 0 ) D ) 0 0 0 00

Thonn.) Roberty.

Acacia polyacantha

Win 0 0| o 0 0 0 0 o| 41| 168 59 20 0 a a o o i D 0 0 012 | 10.6
gccac'a sieberiana 0 ol o 0 0 0 0 0 0 0 0 o od 81 0 ) q i 0 o 0
C\z;?gla senega(l..) 369 | 21| 1| 671 o0 o| 465 21 0 0 0 ) 142 516 0682 (604 | 4.2 5 | 2371 o 0 5 23

Acacia seyaDel. var.

Soye 398 | 29| 1| 609 241 129 o] d 27 535 8p P6 3921910 | o 52| 21| o o| 10 323 1p 11
gzur“”'a reticulata o | o] o] o 0 0 o | o] o 0 o |ol| o 0 o lolo] o 0 o |lol] o] o] o
Dalbergia

melanoxylorGuill. & | 028 | 57| o| o | 035 449 o] o o 0 79 da ) b o p7avy o o | o o| o
Perr.
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Dichrostachys cinereg A ﬂ 106.

(L) White & Arn. 0 0] o 0 | 414 211 o ol 3.1 12 13 83 D 0 P9 5092 | 444| 44| 7| 35| 786

Entada africana 057 | 10| o 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0

Guill. & Perr.

Pterocarpus lucens

Lepr. ex Guill. & Perr | 0 0] 11| 609 o0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 0

subsplucens

Tamarindus indicd.. 0 0] o 0 | 035 45 0 o| 41 1517 0 q Q q o o 0 00 0 0

Rhamnaceae

Ziziphus abyssinica o] o] o 0 | 035 45 0 0 0 0 111 20 0 q Q 0 04 0 00 4 | 179

Hochst. ex A. Rich.

(lez)"g‘:;”'”a'c“”s“ 3?;1 19| 3| 137| 379 208 331 76 13 319 18 B4 346 96405| 17| 7| 24| 49| 133 10 328 2w 6D

Euphorbiaceae

Cephalocroton 59. | 12 d

o ofamusHochst 5 | o | O 0 0 0 0 0 0 0 0 o| 385 208 0 ) 0 D 0 0

Ricinus communik. 0 0 0 0| 174/ 53 1 6.1 0 q 0 0 q D 0 12 384 |00 0 0

Combr etaceae

Anogeissus leiocarpa i d A L L

(DG Guill. & Perr. 0 0| 61| 259 o0 o| 108 33 52 166 46 18 0 0 1350 |10 0 0 0| 26/ 152 0 0

\C/gmbre‘t”macu'eat“m ol ol o 0 0 0 0 o| 93| 252 0 q 0 0 0 b 37 0 0 00 0

Combretum collinum 0.2

subspbinderianum “|57| 1| 609| 138 569 058 68 0 0 0 D b 8l79 [29.7 |0 71 0 0 0 0 0 0
8

(Kotschy) Okafa.

Combretum glutinosum | | o | g 0 0 o| o]l o 0 4| 14 o0 0 o a o b 1.1

Perr. ex DC.

Combretum 27

hartmannianum g | 75| 51| 189] 20| 108 0 0 0 0 13 83 193 37 185 (374 | 17 | 08| 885 O o| 32 158

Schwein f. Beitr.

Combretum moll&.Br.

o G. Don 0 0] o 0 | 172 107 o© 0 0 0 0 q 0 0 q D 0 0 0 0 00

Bur seraceae

Boswellia papyrifera 7

(Del) Hochst, 0 0 31| g, | O 0 0 0 0 0 0 0 0 0 270 14 g 0 0 0 ) c 0 )

Anacar diaceae

Lannea fruticosa

(Hochst. ex A. Rich.) 0 0 | 10| 29.2| 583 115 0 o 31 13D 38 71 0 D 12 380 | 64 0 0 0 0 19| 50.4

Engl.

Rhus natalensiBernh. | 5 | o | g 0 0 0 0o | o 1 | 612 0 0 o | ol o] o 0 o |ol| oo 0

ex Krauss
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Malvaceae

Adansonia digitata
Linn.

Grewia villosawilld.

0 0 0.58| 6.9 3.9 13.3 0 @ 0 (0 1i4 10 0

00

Sterculia setiger®el.

0 4.49 0 0 0 0 0 0 0 0 0 0 0 0

Capparaceae

Boscia angustifolia.
Rich.

0 0 0 0 0 1 6.12 0 0 0 0 0 0 0 0

Olacaceae

Ximenia americand.

#

o b

Ebenaceae

Diospyros
mespiliformisHochst.
ex A. DC.

0 0 0 0 0 6.2 18.9 0 0 0 0 0 D 0

13 73

9. 0

Rubiaceae

Feretia apodanthera
Del.

0 0 0 0 0 52 16.6 0 0 0 0 0 0 0 0

Apocynaceae

Calotropis procera
(Aiton) Dryand.

7.1

22.5 0 0 5.81 28 3.1 12| 0.1

n
N
o

77 8084371 26| 55 27

1.7

15.6 0

15

Bignoniaceae

Stereospermum
kunthianunCham.

8.1

244 276 14.7 0 0 2.1 9.71 0 0 D 0 8|11 |[27.4 23

37.3
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0 [ . . :
Site 1 (Jebel | Site 2 (jebel | Site 3 (Jebel | Site 4 (Khor | Site 5(Khor | Site 6 (Khor
Hadad) Yasin) Abgunfa) kunena) Yabis) Jebel .Dolar)
H Rishness 9 13 13 9 18 15
m Shannon index 1,1 2,04 142 1,66 2,47 2,15
u Pielou evenness index 0,31 0,59 0,32 0,58 0,66 0,57
m Simpson index 0,56 0,82 0,61 0,77 0,88 0,83
Figure 3. Diversity indices of canopy layer in studied sites
Regeneration layer
14
12
10
g 8
g 6
4
2
0 Site 1 (Jebel | Site 2 (jebel | Site 3 (Jebel | Site 4 (Khor | Site S (Khor | Site 6 (Khor
Hadad) Y asin) Abgunfa) kunena) Y abis) Jebel .Dolar)
H Rishness 7 12 13 7 7 10
H Shannon index 0,595 0,852 0,847 0,613 0,715 0,755
u Pielou evenness index 0,705 0,789 0,76 0,726 0,846 0,755
H Simpson index 0,298 0,189 0,193 0,311 0,231 0,223

Figure 4. Diversity indices of regeneration layer in the stadsites

3.5. Similarity

The between-plot taxonomic similarity was assesms#ag Jacquard’s coefficient based on the occuerefic
species at the six sites for both canopy and reggae layers (Figure 5). The findings revealed tie most
similar sites in canopy layer were site 6 and 2itey showing a highest similarity (38%). In candayer, site 1
and site 2 showed the least similarity (29.41%).tBm other hand, the highest similarity encounterethe
regeneration layer was that (53.3%) recorded betwée 3 and site 6; while the least similarity Wa6.77%)
between site 1 and site 5. The percentage of sitgilaetween different sites in both layers is tigkly low that
could be due to the difference in species compmositbetween the studied sites, which may differ in
environmental factors.
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Jaccard Cluster Analysis (Single Link) Jaccard Cluster Analysis (Single Link)
Site 3 Site 5
Site 3 Site 6
Site 4 Site 3
Site 6 Site 2
Site 2 Site 4
Site 1 Site 1

0. % Similarity 30, 100 0. % Similarity 50. 100

(a) (b)

Figure 5. Showed the similarity in canopy layer (a) and regation layer (b)

3. Conclusion

According to the results obtained in the preseatl\stit can be concluded that woody species in pgno
layers differ from those of regeneration layersaihthe studied sites, which, in the future maydléa major
changes in woody species composition along canaypsr$ of those sites. Several species recordednopy
layers, were disappeared from regeneration layarsluding Acacia hochii, Acacia nilotica, Acacia
polyacantha, Entada africandterocarpus lucens, Tamarindus indica, Combretunlisn@dansonia digitata,
Sterculia setigera, Boscia angustifolia, Ximeniaegicana,Feretia apodanthera.
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