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Abstract

The present investigation was conducted to analyze the floristic composition of agro-ecosystem in Arar Northern Border
region, KSA. A total of 30 sites were surveyed and a total of 42 taxa of weeds belonging to 21 families were recorded in agro-
ecosystems in Arar. Poaceae was the most common family includes ten species, while both Asteraceae and Chenopodiaceae
were characterized by four species each. The most abundant life form was therophyte represented by 30 species. From a
phytogeographical point of view, Mediterranean taxa were represented by 14 species. Also, 14 species were belonging to
cosmopolitan phytochoria. Several soil physical and chemical parameters were analyzed in the collected soil. Studied 30
stands were classified into two groups using TWINSPAN; negative group includes 16 stands characteristic with Lamium
amplexicaule as indicator species, while the positive group includes 14 stands and the indicator species for this group are
Trianthema portulacastrum, Sonchus oleraceus, Chenopodium murale, Bidens pilosa and Ricinus communis .
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1. Introduction

Agro-ecosystem is an ecosystem which made by human
activities for production of food and other valued goods as
fuel, timber or fiber (Augstburger et al., 2018 [*4; Wood et
al., 2000) 3. Agroecosystems covered about 40 % of the
world's land area (Adhikari et al., 2019 I, Foley et al.,
2005) [281, The total area of KSA with 2.15 million km? and
considered as one of the largest country about Arabian
Peninsula (FAO, 2008). Weeds are undesired plants grow
usually associated with cultivated crops. Weeds caused
significant decrease in yield production as a result of their
competition with cultivated crops for water and nutrient
(Dangwall et al. 2010) [, Weeds considered a most
important component of agro-ecosystems. Many weeds
cause a significant loss of crop yield (Kraehmer, H.; Baur,
2013) 28, According to Abouziena and Haggag (2016) [,
the annual loss of crop production was up to 10-15%.
Competition among weeds and agriculture crops and amond
weeds and weeds, in addition to allelopathy are involved in
crop decline (Zhang et al., 2015 3; Weston and Duke,
2003) . On the other hand, many weeds have economic
and medicinal uses (Zimdahl, 2007) 41,

Weeds have an energetic significance as indicator for
diversity and distribution of weeds for every country, also
weeds have importance for recording the variation from
native to introduced or invasive weeds. Weeds can grow in
different soil types in association with different cultivated
plants resulted in destructive impact on crop production and
environment. (Ekwealor et al., 2019 [*9; Waterhouse 2003)
[0, The aim of this study is to clarify the list of weeds
growing in cultivated lands of Arar, KSA to be important
sight in the variation and diversity of plants, in addition to
types of weeds associated with important crops in order to
find suitable and effective ways to discard these unwanted
weeds.

Study area

Arar is sited between lat. 30° 59' 0.0024" N and long41° 0'
59.9976" E and the altitude reaches 555 m a.s.l. Arar is of
the capital of the Northern Province of KSA and is situated
north of KSA with 35.000 km2 . Map of the studied area
illustrated in Fig.1. Climatic data of Arar region was
recoded through https://www.meteoblue.com, the average of
lower air temperature differ from 2° C in January to 23°C in
July and August. The average upper air temperature differ
from 16°C in January to 42°C in August (Fig. 2).The highest
perception (rainfall) was 9mm found during March. The
direction of wind blowing of Arar through 30 years is from
South-West (SW) to North-East (NE) (Fig. 3).
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Fig 1: Map of KSA illustrating Northern Border region in red
color.

\
/

345



International Journal of Botany Studies

www.botanyjournals.com

50 °C 100 mm
40 °C
75 mm
30 °C
20 °C 50 mm
10 °C
25 mm
0°C
-10 °C 0 mm
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Precipitation — Mean daily maximum Hot days
— Mean daily minimum - - Cold nights
1UE
Fig 2: Average temperature and precipitation of Arar (1990-2020).
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Fig 3: The wind rose for Arar (1990-2020).

Materials and methods

Vegetation analyses

Survey of some agroecosystems in Arar, Northern Border
region, Saudi Arabia was conducted in February 2020. The
total 30 stands under study with common crops cultivated in
these locations are illustrated in Table (1). All investigated
plant species present in each location were listed after
identification according to Téckholm (1974) 371, and Boulos

(1999-2009) 3. Description and life form categories were
identified  after ~Govaerts et al., (2000) [,
Phytogeographical affinities, after Tutin et al., (1964-1980)
139 Townsend and Guest (1966-1985) [*81, Wickens (1976)
42 and Boulos (1995, 1999, 2000, 2002, 2005) [ 13. 14, 15,
181 Species richness, species evenness and simpson’s
diversity index were calculated using PC-ORD ver. 5
program (McCune and Mefford, 1999).
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Table 1: Number of studied stands and selected crops.

Crops Number of stands
Summer squash (Cucurbita pepo L.)
Alfalfa (Trifolium alexandrinum L.)

Date Palm (Phoenix dactylifera L.)
Bean (Phaseolus vulgaris L.)
Maize (Zea mays L.)

Pear (Pyrus communis L.)

Cabbage (Brassica oleracea var. sabellica)

Potato (Solanum tuberosum L.)

MRk |lolk|Nof~

Soil analysis

Mechanical analysis, moisture content, pH, electrical
conductivity (EC), chlorides, nitrate, sodium, potassium,
calcium, magnesium, organic matter and calcium carbonate
were determined after Estefan et al. 2013.

Statistical analysis

PC-ORD program was used to perform statistical analyses
and categorize of 42taxa in 30 stands using Two Way
Indicator Species Analysis (TWINSPAN) (McCune and
Mefford, 1999).

Result

The study area comprises about of 42 taxa belonging to 21
families were represented in agroecosystems of Arar (Table
2).  Poaceae,  Asteraceae,  Chenopodiaceae  and
Euphorbiaceae existed as the most common families with
ten species, four species, four species and three species,
respectively.  Brassicaceae, Cyperaceae, Lamiaceae,
Solanaceae were characterized by two species for each
family. Only one species was characteristic for 13 families
(Table 2, Fig. 4).

The majority of species were annuals (30 species), while
biennial species were represented by 12 species (Table 2,
Fig. 5). The most abundant life form was therophytes which
constituted 71 % of total recorded species (30 species),
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Geophyte (5 species = 12 %), hemicryptophytes (4 species =
9.5 %), while phanerophytes, chamaephytes and parasitic
plants were represented by a single species each (Table 2,
Fig. 6).

From a phytogeographical point of view, the most floristic
categories were cosmopolitan species (14 species),
Mediterranean—Irano—Turanian—Euro—Siberian
phytochorion were represented by 8 species, Palaeotropical
(8 species), Pantropical (5 species), Mediterranean—Irano—
Turanian (3 species), while Mediterranean, Mediterranean—
Euro—Siberian, Mediterranean—Irano—Turanian—Euro—
Siberian—-Saharo— Sindian and Saharo-Sindian—Sudano—
Zambesian were charactrized by one species each (Table 2,
Fig. 7). Relations between life forms and phytogeographical
affinities were showed in Fig. 8.

Species richness was calculated for each stand during spring
season. Species richness with an average 5.1 species.
Species evenness with an average 0.6. On the other hand,
Simpson's diversity index with an average 0.5.

TWINSPAN analysis was divided into 30 stannds under
study two groups at the first level. The negative group
includes 16 stands with indicator species Lamium
amplexicaule.On the other hand, the second group (positive
group) includes 14 stands and the indicator species for this
group are Trianthema portulacastrum , Sonchus oleraceus,
Chenopodium murale, Bidens pilosa and Ricinus communis.
At the second level negative group was divided into two
subgroups. The first subgroup includes five stands with
indicator species Convolvulus arvensis, while the second
group includes 11 stands and the indicator species for this
group is Chenopodium glaucum, Cynodon dactylon,
Melilotus indicus and Digitaria sanguinalis. The positive
group was divided into two subgroups. The first subgroup
includes five stands with Chenopodium glaucum as
indicator species and the second subgroup includes nine
stands and the indicator species for this group is Cynanchum
acutum and Melilotus indicus (Fig. 9).

Table 2: List of associated weeds species recorded in the agroecosystems of Arar, Northern Border region, KSA.

Species Family Life form | Life span Floristic categories
Trianthema portulacastrum L. Aizoaceae Th. Ann. PAN
Amaranthus caudatus L. Amaranthaceae Th. Ann. COSM
Cynanchum acutum L. Asclepiadaceae Hem. Per. ME+IR-TR+ER-SR
Bidens pilosa L. Asteraceae Th. Ann. PAN
Cichorium endivia L. Asteraceae Th. Ann. ME+IR-TR
Pulicaria arabica (L.) Cass. Asteraceae Cha. Per. SA-SI +S-Z
Sonchus oleraceus L. Asteraceae Th. Ann. COSM
Eruca sativa Mill. Brassicaceae Th. Ann. ME+IR-TR+ER-SR+SA- SI
Sisymbrium irio L. Brassicaceae Th. Ann. ME+IR-TR+ER-SR
Beta vulgaris L. Chenopodiaceae Th. Ann. ME+IR-TR+ER-SR
Chenopodium album L. Chenopodiaceae Th. Ann. COSM
Chenopodium glaucum L. Chenopodiaceae Th. Ann. ME+ER-SR
Chenopodium murale L. Chenopodiaceae Th. Ann. COSM
Convolvulus arvensis L. Convolvulaceae Hem. Per. PAL
Cyperus digitatus Roxb. Cyperaceae Geo. Per. ME+IR-TR+ER-SR
Cyperus rotundus L. Cyperaceae Geo. Per. PAN
Euphorbia helioscopia L. Euphorbiaceae Th. Ann. COSM
Euphorbia peplus L. Euphorbiaceae Th. Ann. COSM
Ricinus communis L. Euphorbiaceae Ph. Per. PAL
Melilotus indicus (L.) All. Fabaceae Th. Ann. PAL
Lamium amplexicaule L. Lamiaceae Th. Ann. ME+IR-TR+ER-SR
Mentha longifolia (L.) Huds. Lamiaceae Hem. Per. PAL
Malva parviflora L. Malvaceae Th. Ann. ME+IR-TR
Orobanche cernua Loefl. Orobanchaceae Par. Per. ME+IR-TR
Oxalis corniculata L. Oxalidaceae Th. Ann. COSM
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Avena fatua L. Poaceae Th. Ann. COSM
Avena sativa L. Poaceae Th. Ann. COSM
Cynodon dactylon (L.) Pers. Poaceae Geo. Per. PAN
Digitaria sanguinalis (L.) Scop. Poaceae Th. Ann. PAL
Dinebra retroflexa (Vahl) Panz. Poaceae Th. Ann. PAL
Panicum coloratum L. Poaceae Geo. Per. ME
Phragmites australis (Cav.) Trin. ex Steud. Poaceae Geo. Per. PAL
Polypogon monspeliensis (L.) Desf. Poaceae Th. Ann. COSM
Polypogon viridis (Gouan) Breistr. Poaceae Th. Ann. ME+IR-TR+ER-SR
Setaria viridis (L.) P. Beauv. Poaceae Th. Ann. COSM
Portulaca oleracea L. Portulacaceae Th. Ann. COSM
Anagallis arvensis L. Primulacae Th. Ann. COSM
Solanum nigrum L. Solanaceae Th. Ann. COSM
Solanum villosum (L.) Mill. Solanaceae Th. Ann. ME+IR-TR+ER-SR
Corchorus olitorius L. Tiliaceae Th. Ann. PAN
Urtica urens L. Urticaceae Th. Ann. ME+IR-TR+ER-SR
Phyla nodiflora (L.) Greene Verbenaceae Hem. Per. PAL

life span; Annual=Ann, Perennial=Per., life forms; Therophyte=Th, Hemicryptophyte=Hem, Chamaephyte=Cha, Phanerophyte=Ph,
Parasite=Par, Geophyte=Geo. Phyto—geographical affinities; COSM=Cosmopolitan, ER-SR=Euro-Siberian, IR-TR= Irano-Turanian,

ME=Mediterranean, PAL=Paleotropical, PAN=Pantropical, SA-SI=Saharo-Sindian, S-Z=Sudano—Zambesian.
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Fig 4: Graphical representation of angiosperm families according
to the numbers of the species collected from agroecosystems, Arar,
Northern Border region, KSA.

Fig 6: Life forms of plant species in agroecosystems, Arar,
Northern Border region, KSA.

H Perennial
28.6%

B Annual
71.4%

Fig 5: Life span of plant species in agroecosystems, Arar, Northern

Border region, KSA.

Fig 7: Floristic categories of recorded species in agroecosystems, Arar,
Northern Border region, KSA.
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Fig 8: Distribution of chorotypes among the different life form Arar, Northern Border region, KSA.
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Fig 9: TWINSPAN analysis for 30 stands from Arar Northern Border region, KSA.
Soil analysis than in winter. On the other side, clay, moisture content,

Soil analyses results showed that sand, silt, pH,

potassium, magnesium and chlorides were higher in summer

nitrate, Organic matter, sodium, calcium and calcium carbonate

were higher in winter (Table 3).

Table 3: Soil parameters during winter and summer at 30 stands, the agroecosystems of Arar, Northern Border region, KSA.

Soil parameter Stands (n=30) Average (minimum-maximum)
Sand (%) 32.6(32-34)
Silt (%) 41.3(40.3-42)
Clay (%) 26.1(24.1-27.6)
pH 7.7(7.2-8)
Moisture content (%) 35.6(27-54.8)
Organic matter (%) 1.4(0.6-2.1)
Nitrate (ppm) 1.7(0.1-4.5)
Electrical conductivity (mS/cm) 0.4(0.9-1.1)
Sodium (mg/L) 418(207-782)
Potassium (mg/L) 37(7.8-136)
Calcium (mg/L) 51(20-100)
Magnesium (mg/L) 16(1-36)
Chlorides (mg/L) 2.4(1-4.5)
Calcium carbonate (%) 13.6(2.1-19.5)
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Discussion

Annual species have the higest percentage 71.4 than
perennial species 28.6 % in agreement with the result of
Osman and Abdein (2019b) B4, and Abdein and Osman
(2020) Bl on Northern Border region, KSA. Poaceae,
Astraceae and Chenopodiaceae were the largest families in
the present study with (23.8 %), (9.5 %) and (9.5 %) of
species composition, respectively. Also these families are
the most common families in Arar (Osman and Abdein,
2019b) B and (Abdein and Osman 2020) [l These
families are also found as the most families presented in the
South Asia flora (Yeung, 2018) 431,

Adaptation to both climate variation and environment
differentiation affect on life form of plants and species
(Abdel Khalik et al., 2017 ©@; ALSherif et al., 2013) [,
Presence of therophytes more than other different life forms
is due to the relation of this type of life forms with hot dry
climate, biotic impact and in addition to topographic
variation (Anaya, 1999 1% Al-Robai et al., 2017 ©l; Ahmed
et al., 2015) B4, The adverse climatic conditions with
deficiency in humidity and moisture and variability of
substrate, also short life cycles of agricultural crops in field
resulted in difference of presence of therophytes life form
during favorable seasons for cultivation of crops (Abd El-
Ghani et al., 2012 IM: Shaltout et al., 2015 [34; EI-Midany et
al., 2019). With 71.4 % of the recorded species, therophytes
were the most dominant life form in the studied area.
According to Osman et al. (2014) 2. almost 71.5 % of the
associated species in Northern Border region in KSA are
therophytes. In addition to Osman and Abdein (2019b) (.
reported that the species belong to therophytes were 118 in
Wadi Arar. Abdein and Osman (2020) Bl studied the plant
diversity assessment of Wadi Al-Hilali. Recently, Osman
and Abdein (2019a) % and Abdein et al. (2020) B studied
some species of Plantago and Genus Tephrosia, Northern
Border region, KSA.

Mediterranean taxa (mono-regional, bi-regional, or pluri-
regional) were charactrized by 14 species forming 33.3 % of
listed species. Acording to EI-Sheikh et al. (2013) [,
Mediterranean species attained their highest values in Saudi
Arabia (46 %).

Results of soil analyses showed a significant correlation
among the present study and many previous studies as El-
Fouly et al. (2012) 9 El-Shayeb (1984) 9. and Slima
(2006) [31,

Acknowledgement

The authors gratefully acknowledge the approval and the
support of this research study by the grant No. 8420 -SAR-
2019-1-10-F from the Deanship of Scientific Research at
Northern Border University, Arar, K.S.A.

References

1. Abd EI-Ghani M, Shehata MN, Mobarak A and Bakr
R. Factors affecting the diversity and distribution of
synanthropic vegetation in urban habitats of the Nile
Delta, Egypt Rend. Fis. Acc. Lincei. 2012; 23:327-337
DOI 10.1007/s12210-012-0179-z

2. Abdel Khalik K, Al-Gohary I, Al-Sodany Y. Floristic
composition and vegetation: Environmental
relationships of Wadi Fatimah, Mecca, Saudi Arabia,
Arid Land Research and Management, 2017. DOI:
10.1080/15324982.2017.1318188

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

www.botanyjournals.com

Abdein MA, Osman AK. Plant Diversity Assessment of

Wadi Al-Hilali, Northern Border region, Saudi
Arabia. International Journal of Botany Studies. 2020;
5;(2):87-95.

Abdein MA, Hibah Nassr Wrda, Osman AK. Genetic
characterization of Genus Tephrosia Pers. based on
Molecular markers in KSA. International Journal of
Botany Studies. 2020; 5(2):203-2009.

Abouziena HF, Haggag WM. Weed control in clean
agriculture: a review. Planta Daninha, Vigosa-MG.
2016; 34(2):377-392.

Adhikari S, Adhikari A, Weaver DK, Bekkerman A.
Menalled FD. Impacts of Agricultural Management
Systems on Biodiversity and Ecosystem Services in
Highly Simplified Dryland Landscapes. Sustainability.
2019; 11:3223 doi:10.3390/s5u11113223

Ahmed DA, Fawzy M, Saeed NM, Awad MA. Effect of
the recent land use on the plant diversity and
community structure of Omayed Biosphere Reserve,
Egypt. Global Ecology and Conservation. 2015; 4:26-
37 http://dx.doi.org/10.1016/j.gecco0.2015.05.005
Al-Robai SA, Mohamed HA, Howladar SM, Ahmed
AA.Vegetation structure and species diversity of Wadi
Turbah Zahran, Albaha area, southwestern Saudi
Arabia. Ann.  Agric. Sci. 2017; 62:61-69
http://dx.doi.org/10.1016/j.a0as.2017.04.001

Alsherif EA, Ayesh ~ AM, Rawi SM. Floristic
composition, life form and chorology of plant life
Atkhulais region, western Saudi Arabia. Pak. J. Bot.
2013; 45(1):29-38.

Anaya AL. Allelopathy as a tool in the management of
biotic resources in agroecosystems. Critical Reviews in
Plant Sciences. 1999; 18(6):697-739.

Augstburger H, Jacobi J, Schwilch G, Rist S.
Agroecosystem  Service  Capacity Index -A
methodological approach. LANDSCAPE ONLINE.
2018; 64:1-48 DOI 10.3097/L0.201864
Boulos L. Flora of Egypt. checklist.
Publishing, Cairo, Egypt, 1995, 283.
Boulos L. Flora of Egypt. (Azollaceae-Oxalidaceae).
Al-Hadara Publishing, Cairo, Egypt, 1999; 1:419.
Boulos L. Flora of Egypt. (Geraniaceae-Boraginaceae).
Al-Hadara Publishing, Cairo, Egypt. 2000; 2:352.
Boulos L. Flora of Egypt. (Verbenaceae-Compositae).
Al-Hadara Publishing, Cairo, Egypt. 2000; 3(23):373.
Boulos L. Flora of Egypt. Monocotyledons
(Alismataceae-Orchidaceae). Al-Hadara Publishing,
Cairo, Egypt. 2005; 4:617.

CAPMAS. Central Agency for Public Mobilization and
Statistics. Statistical Year Book, Arab Republic of
Egypt. Cairo, 2017, 640.

Dangwall LRA. Singh T, Singh A Sharma, Sharma C.
Effect of weeds on the yield of wheat crops in Tehsil
Nowshera. Journal of American Science. 2010;
6(10):405-407.

Ekwealor KU, Echereme CB, Ofobeze TN Okereke
CN. Economic Importance of Weeds: A Review. APRJ.
2019; 3(2):1-11 DOI: 10.9734/APRJ/2019/v3i230063
El-Fouly M, Abou EI-Nour EAA, Shaaban SHA,
Zeidan MS. Effect of different levels of NPK and
micronutrients fertilization on yield and nutrient uptake
of maize plants. Journal of American Science. 2012;
8(8):209-214.

Al-Hadara

350


http://www.botanyjournals.com/

International Journal of Botany Studies

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

El-Midany MM, Galal TM, Farahat EA, Hassan LM.
Phytosociology of rainfed barely along the western
Mediterranean Coast, Egypt. Taeckholmia. 2019;
39:18-33

El-Shayeb FM. Studies on reproductive capacity of
major weeds in the cultivated land in EI-Menoufia
Governorate. M. Sc. Thesis, Faculty of Science, El-
Menoufia University, Shebin EI-Kom, 1984, 397.
El-Sheikh MA, Thomas J, Alatar AA, Hegazy AK,
Abbady GA, Alfarhan AH, et al. Vegetation of
Thumamah Nature Park: a managed arid land site in
Saudi Arabia. Rend. Fis. Acc. Lincei. 2013; 24:349-367
DOI 10.1007/s12210-013-0246-0

Estefan G, Sommer R, Ryan J. Methods of soil, plant,
and water analysis: A manual for the west Asia and
North Africa region, Beirut, Lebanon, 2013, 243.

FAO. Improvement of irrigation water management in
the Kingdom  of  Saudi  Arabia, 2005.
UTFN/SAU/011/SAU.

Foley JA, DeFries R, Asner GP, Barford C, Bonan G,
Carpenter SR, et al. Global consequences of land use.
Science. 2005; 309:570-574.

Govaerts R, Frodin DG, Radcliffe-Smith Am, Carter S.
World checklist and bibliography of Euphorbiaceae
(with Pandaceae). Royal Botanic Gardens, Kew, 2000,
1621.

Kraehmer H, Baur P.Weed anatomy. London: Wiley-
Blackwell, 2013, 504.

McCune B, Mefford MJ. PCORD for Windows.
Multivariate analysis of ecological data. Version 4.14.
User’s Guide. MjM Software, Oregon, USA, 1999, 47.
Osman AK, Abdein MA. Karyological and molecular
studies between six species of Plantago in the Northern
border region at Saudi Arabia. Journal of Taibah
University for Science. 2019; 13(1):297-308.
https://doi.org/10.1080/16583655.2019.1571400
Osman AK, Abdein MA. Floristic diversity of Wadi
Ar'ar, Saudi Arabia. Journal of Taibah University for
Science. 2019; 13(1):772-789.
https://doi.org/10.1080/16583655.2019.1634177.
Osman AK, Al-Ghamdi F, Bawadekji A. Floristic
diversity and Vegetation analysis of Wadi Arar: a
Typical Desert Wadi of the Northern Border region of
Saudi Arabia, Saudi Journal of Biological Sciences,
2014. doi: http://dx.doi.org/10.1016/j.sjbs.2014.02.001
Quézel P. Analysis of the flora of Mediterranean and
Saharan Africa. Annals of the Missouri Botanic
Garden. 1978; 65:479-534.

Shaltout KH, Hosni HA, El-Fahar RA, Ahmed DA.
Flora and vegetation of the different habitats of the
western Mediterranean region of Egypt. Taeckholmia.
2015; 35:45-76

Shaltout KH, Sharaf EI-Din A, Ahmed DA. Plant life in
the Nile Delta. Tanta University Press, Tanta, Egypt,
2010, 244.

Slima DF. Sociological behavior and variability among
Pluchea dioscoridis (L.) DC. population in the Nile
Delta. M. Sc. Thesis, Faculty of Science, EI-Menoufia
University, Shebin EI-Kom, 2006, 169.

Tackholm V. Student's Flora of Egypt. Cairo
University, printed by Cooperative Printing Company
Beirut, 1974, 888.

39.

40.

41.

42.

43.

44,

45,

46.

www.botanyjournals.com

. Townsend CC, Guest ER. Flora of Irag. Ministry of

Agriculture and Agrarian Reform, Baghdad, Republic
of Irag, 1966-1985, 2, 3,4 and 8.

Tutin TG, Heywood VH, Burges NA, Moore MD,
Valentine DH, Walters SM, et al. Flora Europaea.
Camdridge University Press,1964-1980, 1-5.
Waterhouse BM. Know your enemy: Recent records of
potentially serious weeds in northern Australia, Papua
New Guinea and Papua (Indonesia). Telopea. 2003;
10(1):477-485.

Weston LA, Duke SO. Weed and crop allelopathy. Crit.
Rev. Plant Sci. 2003; 22:367-389.

Wickens GE. The flora of Jebel Marra (Sudan
Republic) and its geographical affinities. Royal Botanic
Gardens, Kew, 1976, 368.

Wood S, Sebastian K, Scherr SJ. Pilot Analysis of
Global Ecosyststems (PAGE). International Food
Policy Research Institute and World Resources
Institute, Washington, DC, 2000, 110.

Zimdahl RL. Fundamentals of weed science. 3rd ed.
Academic Press. California, United States of America,
2007, 666.

Zhang SZ, Li Y H, Kong CH, Xu XH. Interference of
allelopathic wheat withdifferent weeds. Pest Manag Sci.
2015; 72:172-178 DOI 10.1002/ps.3985

Yeung W J J, Desai S and Jones GW. Annual Review
of Sociology Families in Southeast and South Asia.
Annu. Rev. Sociol. 2018; 44:469-495.

351


http://www.botanyjournals.com/

