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The phytosociological researches which intent for studying the performance of weeds and the structure
of weed assemblages associated with different crops derives their importance mainly from the adverse
effect of weeds on crop productivity. Consequently, it is worth questioning about the ecological prefer-
ences of the weed growth in response to three main drivers for weed community structure associated
with agronomic, and horticultural crops: crop diversification, crop seasonality, and soil type. A study area
was selected comprising farmland of Nile Delta and its adjoining east and west territories, Egypt. A total
of 555 species were recorded in 30 agroecosystems monitored and depending on species frequency/
abundance values, 150 species were designated as the most influential weeds in weed community struc-
ture associated with agronomic and horticultural crops. The ecological preference of species for crop sea-
sonality was evident through the results of Agglomerative hierarchical clustering. Three weed
assemblage groups (WAG) identified: WAG A associated with winter agronomic crops, WAG B associated
with summer agronomic crops, and WAG C associated with perennial agronomic crops and horticultural
crops (orchards). Their diversity evaluated at different levels. The growth preference of the 150 species
which were assigned as most influential weeds was gauged in response to the three environmental vari-
ables. 61 species were faithful to WAG A, 45 to WAG B, and 44 to WAG C. Concerning crop diversification,
34-species were significantly affected and scored coefficient of variation � 100%. As for soil type, indica-
tor species analysis revealed that 66-species show growth preference in fine grained soil while 84-species
prefer coarse grained soil. In the three vegetation units (WAG A – C), 12 within-group associations (al-
liances) were specified of less-common (differential) species. The record of these alliances match to a
specific environmental condition (ecological niche) and in them 29 strong indicators are identified.
Redundancy analysis was used to extract and summarize the variation in species records in the response
matrix (species vs. sites) that can be explained by the three different types of growth preference (ex-
planatory variables), and the partial linear effect of them was evaluated by variation partitioning.
� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The adverse impact of weeds on crop productivity is a matter of
discussion in weed science researches (Ryan et al., 2009; and
Torun, and Uygur, 2018). Several researchers concluded that the
harmful effect of weeds on crop productivity is enhanced by
presence of invasive species (Thebaud et al., 1996; Reichard, and
Hamilton, 1997; Kolar and Lodge, 2001). These studies also
revealed that invasive species appear to have specific traits or
specific combinations of traits that allow them to outcompete
not only the native species but crops as well. The high ecological
competence, phenotype plasticity, fast growth, high dispersal abil-
ity, and fast renewal capability after local fire events are some of
the most common features of invasive species. The increasing
harmful effect of weeds on crop yield in combination to the
increase of food requirements, encouraged ecologists to pay fur-
ther attention in order to introduce (suggest) methods of solving
this snag. Several models have been suggested describing weed–
crop competition and the relationship between weed abundance/
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crop yield. These models in addition to being useful for predicting
yield loss and developing management guidelines (Zimdahl, 2004)
are also valuable of characterizing the effects of weeds on crop
yields under different management systems, and evaluating the
effectiveness of suites of tactics applied together (Bastiaans et al.,
1997, 2008; Van Ittersum et al., 2003; Nesser et al., 2004). How-
ever, for the implementation of such programs to be successful
an accurate knowledge is needed as far as diversity, distribution,
frequency, abundance, and phenology of weed species and com-
munities is concerned (Frick and Thomas, 1992; Ghersa and Holt,
1995). Moreover, such kind of data might also be crucial for under-
standing weed communities and for creating a higher biodiversity
in arable land (Andreasen and Skovgaard, 2009). Despite the fact
that weed assemblages associated with either agronomic or horti-
cultural crops were the object of several phytosociological studies
(Amer and Abd El-Ghani, 1990; Menalled et al., 2001; Mashaly
et al., 2002; Shaltout et al., 2015; Ahmad et al., 2016; Begum and
Ahmad, 2016; Mahgoub, 2017, 2019a, 2019b), this topic has not
been yet adequately addressed. Present study aims to the interpre-
tation of ecological preference (as far as growth under different
microenvironmental conditions is concerned) of 150 weed species
evaluated as the most influential in the structure of weed commu-
nities associated with agronomic and horticultural crops. We hope
this attempt will be useful in developing sustainable long term
weed management strategy.

Also, the cultivation of non-traditional crops especially in
reclaimed land has become one of the essential means of improv-
ing agricultural economic policy in many countries including
Egypt, and The European Conference on Crop Diversification in
2019 reflects the importance of the concept. Hence, it is worth to
question about the growth preference of weeds in response to this
environmental factor. Furthermore, no one denies the importance
of crop seasonality as one of the main drivers affecting weed com-
munity structure, and soil type and properties are undoubtedly
among the major environmental factors influencing the structure
of plant communities including weeds in a given area (Dale et al.,
1992; Hoveizeh, 1997; Mahgoub, 2019b). In the current study both
multivariate analysis and ordination techniques were employed.
Several ecologists support the significance of the above mentioned
methods in describing the relationship between a set of samples
based on their attributes (Streibig, 1979; Salonen, 1993;
Andersson, and Milberg, 1998; Anderson, 2001, 2006; and Clarke
and Warwick, 2001).
2. Materials and methods

2.1. The study area

2.1.1. Geography
A sampling area was selected comprising the farmlands of Nile

Delta (Egypt) as well as the east and west territories adjacent to
them. Nile Delta can be considered as the region maintaining the
major percentage of agricultural lands of Egypt since governmental
reports have indicated that � 61% of priority reclaimable land
(through the Nile waters) is located on the fringes of the Delta,
where in many localities the existence of loamy soil enhances plant
growth and allow achievement of relatively successful cultivations
(Biswas, 1993). The sample area is teardrop shaped (C. � 27,231
Km2 (10,514 mi2), Fig. 1). The base of the Nile Delta represents
the northern side and it covers some 240 km of Mediterranean
coastline: from Alexandria in the west (coordinates:
31�12027.300N, 29�55009.000E; Latitude: 31.207592, Longitude:
29.919168) to Port Said in the east (31�16009.600N, 32�18004.100E;
Lat, Long: 31.269344, 32.301133). The Suez Canal borders the
study area from the eastern side, while western side of the area
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is bordered by the Western Desert. The length of the delta from
north to south is approximately 160 km: from Baltim in the north
(31�33019.700 N, 31�05045.300 E; Lat, Long: 31.555461, 31.095909)
southwards to Cairo (30�02040.900 N, 31�14007.300 E; Lat, Long:
30.044698, 31.235365). Sample area includes several types of cul-
tivated lands: fertile lands of the Nile Delta, farmland facing the
Nile, farmland at the fringes of salt marshes, those facing Mediter-
ranean Sea nearby the littoral sand dunes, reclaimed land in west-
delta region near to the western desert, and those reclaimed land
facing Suez Canal and Sinai Peninsula.

2.1.2. Climate
The Meteorological records of the area (2000 to 2018) were

obtained as a courtesy, from the Egyptian Meteorological
Authority ‘‘EMA”. The Nile Delta has relatively moderate tempera-
tures with highest usually not surpassing of 31 �C in the summer,
and with cooler temperatures and some rain it becomes relatively-
quite humid during the winter months. In general, the study area
experiences its hottest temperatures in July and August, with a
maximum average of 34 �C. Winter temperatures are normally in
the range of 9 �C at night to 19 �C in the daytime, and minimum
temperature records usually don’t seem to reach freezing. From
100 to 200 mm of rain falls on the delta area during an average
year, and most of these falls in the winter months. The northern
part is the wettest. From the beginning of winter season (end of
October) and until the beginning of May, the northwestern delta
area is exposed to 21-squalls. They are usually accompanied with
lightning thunderstorms, low temperature, high wind speeds,
and cloud bursts, which produce heavy rain showers. However,
Egypt essentially has a hot desert climate (BWh; Köppen, 1936 /
Peel et al., 2007), and the records of the southern meteorological
stations lying away from the water bodies of the Mediterranean
Sea give an express of drier atmosphere, and higher rates of
evaporation.

2.1.3. Soil type
The sixty-four sampling sites were classified according to the

Unified Soil Classification System (USCS; Casagrande, 1948;
ASTM, 1985, 2006) into two major site typologies based on a
particle-size analysis and proportions of soil separates: sand, silt,
and clay. This classification is one of the most common engineering
soil classification systems used in engineering and geology to
describe the texture and grain size of a soil in North America.
The first site typology includes sampling sites which are character-
ized by fine grained soil (FGS) i.e., soil which contain more than 50
percent fines (silt and clay), while the second one includes sam-
pling sites which are characterized by coarse grained soil (CGS)
i.e., soil which contain 50 percent or less fines (including gravel soil
and sandy soil). The chemical and mechanical soil analyses of the
sites and localities of the study area are quoted according to those
reported by the Ministry of Agriculture and Land Reclamation
(MALR), Department of soil survey, Egypt, for the respect of its
authority and farmers property. The depth of soil horizon profiles
was: 0–30, 30–60, 60–90, 90–120 cm. The four samples which
are collected from each locality of the site are pooled together to
form a single composite sample, spread over sheets of paper, and
left to dry in the air. The dry soil is passed through a 2 mm sieve
then packed into paper bags for physical and chemical analyses.
The following soil physico-chemical properties were included: 1)
soil texture expressed as percentage for clay, silt, clay + silt, fine
sand, coarse sand and it is measured according to the method of
Allen et al. (1974), 2) water holding capacity (WHC; 100 gm soil
%) and it is estimated according to Piper (1950), 3) hydrolytic con-
ductivity (HC; cm./hour) and gauged by using a conductivity meter
(Piper, 1950), 4) soil reaction (pH) and it is measured using pH
meter (Pramer and Schmidt, 1984), 5) main salts in water
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saturated soil extract: for cations (Ca2+, Mg2+, Na+, K+) and they are
determined according to the methods described in Jackson (1962),
Black et al. (1965), and for anions (CO3�2, HCO3–, Cl�) they are
determined following those described in Allen et al., 1974; Maff,
1986; Hazen, 1989) 6) total soluble salts percentage (TSS) and it
is estimated according to the method described in Black et al.,
(1965) and (7) calcium carbonate content (CaCO3) which is esti-
mated according to the method described in Horváth et al.
(2005) The results of the analyzes revealed that does not prevail
one soil type in all sampling sites and that there were sites con-
sisted of a mixture of different soil types. Accordingly, the ‘‘weight
average” was calculated to express the physical and chemical soil
properties which dominate a certain area.
Fig. 2. Fan-shaped dendrogram representing cluster analysis (AHC) for weed
assemblages associated with the 30 crops (agroecosystems) surveyed (for crop
legend, refer to synoptic table Appendix 1).
2.2. Field sampling design, data collection and data proceeding

Sixty-four georeferenced sampling sites (districts) were ran-
domly selected according to a stratified sampling technique
(Müller-Dombois & Ellenberg, 1974: pp. 177-209), in order to rep-
resent 12 governorates of Nile Delta and the territories adjoining
their east and west sides (refer to Fig. 1). Three villages were
selected in each sampling site to represent the different types of
cultivated lands. In each village, field plots (relevés; Poore, 1955;
The relevé method, Minnesota Department of Natural Resources,
2013) with a size of 1000–1500 m2 were studied in the cultivated
crops. Thirty agroecosystems were defined at the level of culti-
vated crops: nineteen agronomic crops and eleven horticultural
crops (orchards). Field data were collected in sequential seasonal
excursions during 2018: three visits were realized during the win-
ter half of the year (from December to May: in January, March, and
April), and three visits during the summer of the same year (from
June to November: in June, August, and September).

The agronomic crops were categorized based on their seasonal-
ity into three categories: eight winter crops (WC; sown in Autumn
and harvested in early Summer), nine summer crops (SC; sown in
Fig. 1. Location Map of the surveyed area. Sixty-four georeferenced sampling sites (di
horticultural crops cultivated under different environmental conditions. Sampling sites
while those characterized by coarse grain soil (CGS) are represented by yellow dots (24).
‘‘Map adapted from Bing Maps. Microsoft product screen shot(s) reprinted with permiss
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Spring and harvested in Autumn), and two perennial crops (PC;
occupy the field for one or more than one year). The horticultural
crops were categorized at genus level into eleven orchard crops
(OC). During analyses, each crop was denoted via a code consisting
of the first two letters of crop-name in English. Likewise, each of
the recorded species is denoted via a code consisting of a combina-
tion of the first two letters of genus name with the first two letters
stricts) were selected in 12 governorates in order to represent 30 agronomic and
which are characterized by fine grain soil (FGS) are represented by green dots (40),
For legend of sampling sites and governorates, refer to synoptic table, Appendix 1).
ion from Microsoft Corporation. � 2021 Microsoft”.
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of species name, while in case of similarity between abbreviations
the letters used for coding of the respective species were the next
in the series of letters of the name (for botanical nomenclature and
legend of codes, refer to synoptic table - Appendix 1). Some crops
have two types of cultivations e.g., Tomato which is cultivated as a
winter crop in sandy soils and as a summer crop in clay and clay
loamy soils, and several genera of the monitored orchards included
more than one cultivated species, subgenera, or varieties (refer to
Appendix 1, e.g., Citrus (C. sinensis, C. reticulata L. var.) and Prunus
subg. Amygdalus).

The frequency and abundance values of the recorded species
(555 sp.) were calculated according to Curtis, and McIntosh
(1950). The sample data from all the investigated relevés that con-
cern frequency, and abundance, of each species were added
together and the average was considered to constitute an adequate
sample of a selected species in a community. 150 species were
evaluated as themost influential weeds in the structure of weed
communities associated with agronomic and horticultural crops
based on the criteria of their importance values, scoring either rel-
ative frequency (Fr) � 30% or mapped to abundant or very abun-
dant classes (Ab � 30), in at least one of the four crop
categories (WC, SC, PC, OC; refer to synoptic table - Appendix 1).
The Fr/Ab values of species and their coefficient of variation (Cv;
Hendricks, and Robey, 1936, see also Krishnamoorthy, and
Meesook, 2013) were calculated for the pool of all groups. Further-
more, the index of winter and summer recurrence (WRI%, SRI%,
respectively) was gauged and accordingly their species seasonal-
ity (SS) was determined. They were designated as all-the-year-
round weeds (A), or winter weeds (W, or Ws), or summer weeds
(S, or Sw) and seasonal bias percentage (Sb% / +, -) was calculated
following the approach of Mahgoub (2019a, 2019b).

The above-mentioned parameters were used to the Multivari-
ate analyses (MVA) and the ordination techniques in order the
preference of weed growth in response to crop seasonality and
diversification (CRDIV) to be evaluated. The importance values
(Fr/Ab) in the four crop categories in addition to species seasonality
and seasonal bias percentage were used to assess the preference of
weed growth in response to crop seasonality, while Fr/Ab values
for pool all groups and coefficient of variation were used as an
expression for the preference of weed growth in response to crop
diversification.

Indicator species analysis (ISA)was employed for the determi-
nation of weed species preference in the different soil types found
in study area. Although several methods of identifying indicator
species have been proposed (e.g., Hill, 1979; Carleton et al.,
1996), the ISA method of Dufrêne, and Legendre seems to be the
most appropriate in our case because its use allows identification
of indicator species and species assemblages characterizing groups
of sites (Dufrêne, and Legendre, 1997). Contrary to TWINSPAN
(Hill, 1979) in which species are classified based on their concen-
trated occurrence to a certain typology of sites (fidelity of species
to groups of sites), except of indicator species identification,
enables also the calculation of fidelity and specificity of weeds
to a priori identified typology of sites (e.g., FGS/CGS). According
to this approach, species recorded were evaluated considering
the two site typologies identified according to USCS, viz., fine-
grained soil (FGS) and coarse-grained soil (CGS), then indicator
value of each species (INDVAL) was calculated and an indicator
value index was constructed. An arbitrarily threshold level of
INDVAL� 25% was chosen for the identification of strong indicator
species of the groups in accordance to the followed approach with
the aim of excluding and discarding very weak species. However,
the evaluation of a species as a strong indicator in relation to
another one, also encompasses the extent of its ecological success.
Thus, an additional filter was applied in the current study and
strong indicator species were specified as those which in one of
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two typologies had got INDVAL with a value � 25% and at least
twice as high than in the other. Such manipulation coincides with
the acceptance of Bergmeier et al. (1990) who define as diagnostic
the species whose frequency in a particular vegetation unit is at
least which is the difference between a species frequency and a fre-
quency class than in the other vegetation units. The codes of these
species viz., strong indicator species are framed with a gray back-
ground, and the effectiveness of them was measured on basis of
their absolute values in the preference index (PRFIND; Hill,
1979) where the highest is the strongest i.e., the best of the strong
indicator species (refer to synoptic table - Appendix 1, Fig. 3).

The Nomenclature of recorded taxa follows Täckholm (1974) as
well as Boulos (2009) to a more recent Plant List, created by the
Collaboration between the Royal Botanic Gardens (Kew), Missouri
Botanical Garden (MO) and other collaborated institutions, Version
1.1, September 2013. The collected specimens were identified in
Cairo University Herbarium (CAI), where they deposited as Herbar-
ium specimens and numbered by serial collecting number (MAH-
GOUB’S collecting number).

2.3. Diversity and Biostatistics

The following software were used duringMultivariate analyses
(MVA), and ordination techniques: VEGAN packages (Oksanen
et al., 2016; in R environment, ver. 3.6, 2019), JUICE (Tichý, 2001;
ver. 7.1, 2020), PAST (Hammer et al., 2001; ver. 4, 2020), CANOCO
(ter Braak & Smilauer, 2002; ver. 4.5, 2007).

Agglomerative Hierarchical Clustering (AHC) was employed
as a clustering technique. The data were standardized prior to anal-
yses and Euclidean distance was used as a measure of dissimilarity
while Ward’s method (Minimum-variance clustering) as an
agglomeration criterion (Orlóci, 1978). The program firstly con-
structed a classification of the 30 agroecosystems (crops) based
on variation of floristic composition of weed assemblages associ-
ated with them, then used this classification to assign the 555
weed species into vegetation units or weed communities, or Weed
Assemblage Groups (WAG). The identified vegetation units (weed
assemblage groups/WAG) were named after the two most predom-
inant species (Whittaker, 1962). Fidelity between the 150 most
influential weed species and the identified vegetation units
(WAG) was measured by the phi-coefficient of association (U;
Sokal & Rohlf, 1995; Chytrý et al., 2002). Quantitative fidelity mea-
sures were applied in the Indicator Value formula (INDVAL), and
chi-square statistic was used for checking the statistical signifi-
cance of result (Pearson, 1900, see also Sokal & Rohlf, 1995: 697,
736; Ryabko et al., 2004), at a level of significance of 0.05 (X2:
a = 0.05, P* > 3.841; refer to synoptic table - Appendix 1). Within
the groups of vegetation units (WAG), number of associations were
specified of less-common (differential) species recognized at the
level of alliances. They characterize the weed community structure
associated with some crops in one or more sites (districts) and the
record of them is related to a specific ecological condition (ecolog-
ical niche). In these within-group associations (alliances), the
dominant species of the vegetation units (WAG) had lowest abun-
dance values along with a remarkable increase in those of the spe-
cies constituting these alliances. These within-group associations
were specified by tabular comparison technique of species abun-
dance and occurrence across sites/crops (Shaltout et al., 1992),
and they were named according to Whittaker’s approach (1962)
either.

The Diversity for both the vegetation units (WAG) and alliances
was evaluated at different levels. The following diversity indices
were measured: Species richness (S) ‘‘Taxa_S” (Magurran and
McCarthy, 2004, see also Chao, 2005), Shannon-Wiener diversity
index (H) ‘‘Shannon_H” (Shannon & Weaver, 1949, see also
Pielou, 1975), Equitability I ‘‘Equitability_J” (Hill, 1973, see also



Fig. 3. Triplot RDA correlation displaying ordination of species/sites/environmental variables on RDA axis1 and on RDA axis2. Objects occur as points while variables as
vectors. Species points are symbolized by triangles, while those of sites as circles. The species of weed assemblage groups (WAGA - WAGC), and typology of sites are
superimposed. Each arc indicates a specific environmental condition (ecological niche) in which an alliance (A1 - A12) was recorded. The symbols of dominant species of the
WAGs (A – C) and of the alliances (within-group associations) are given in bold, while those corresponding to the strong-indicator-species are framed by gray background (for
codes, refer to Table 1 and Appendix 1).
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Chao et al., 2005), and Dominance (D) ‘‘Dominance_D” (Simpson,
1949, see also Harper, 1999). Beta diversity (b; Whittaker, 1960,
see also Lande, 1996, reviewed in Koleff et al., 2003) and Jaccard
similarity coefficient (Jaccard index (J); Jaccard, 1901, 1912, see
also Real, 1999; Tan et al., 2005) to estimate compositional differ-
entiation and similarity of WAG and the within-group associations,
respectively. To demonstrate the effect of seasonality on the
resulted vegetation units (WAG), the absolute species turnover
(bA; Whittaker, 1972, see also Lande 1996; Tuomisto, 2010;
Albert & Reis, 2011) was gauged depending on the presence -
absence data among the two seasonal subunits, viz. winter weed
community / summer weed community, and the result was tested
for statistical significance (P < 0.05).

In order to be chosen an appropriate ordination method for
achieving a direct gradient analysis the rule of thumb introduced
by Lepš & Šmilauer (2003) was applied. Detrended correspon-
dence analysis (DCA; Hill & Gauch, 1980) estimated the composi-
tional gradient in the vegetation data of the present study to be < 4
SD (standard deviation units), thus, redundancy analysis (RDA;
Van den Wollenberg, 1977) is the appropriate ordination method
to perform direct gradient analysis (ter Braak & Prentice, 1988).
The algorithm was used to extract and summarize the variation
in species records in the response matrix (species vs. sites) that
can be explained by the three environmental variables (explana-
tory matrices; soil type FGS/CGS, crop seasonality, and crop diver-
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sification). However, for careful design of the experiment and more
informative results, the soil physicochemical properties were
employed as supplementary variables for soil type. These variables
include: Clay%, Silt%, Clay + Silt%, Coarse sand%, Fine sand%,
Coarse + Fine sand%, WHC, HC, pH, TSS, Ca, Mg, Na, K, Cl, HCO3,
CaCO3. A Monte Carlo permutation test (499 permutations under
reduced model; ter Braak, 1990) was used to test for the statistical
significance of the model and the eigenvalue of the first axis (RDA
axis 1). The result of the analysis was represented by RDA correla-
tion triplot for species, sites, and environmental variables (Fig. 3).
Variation partitioning (VP; Borcard et al., 1992, see also Zelený,
2019) was employed in combination with RDA, and the variation
was partialized out to determine the partial, linear effect of the
three ecological preferences. The explained variation was com-
pared by adjusted R2 values, and the significance of fractions of
interest was tested by applying ANOVA (permutation test for
RDA under reduced model, 999 permutations), and the result of
the analysis was displayed as Venn diagram (Fig. 4).

3. Results

3.1. Weed growth in response to crop seasonality

A total of 555-species were enumerated in the present study.
They belong to 282-genera distributed among 58-families. More



Fig. 4. Venn’s diagram, showing partition of the variation explained by the
preference of species to the three environmental variables (79.16%). Adjusted R2

was used for comparison of the marginal and conditional effect of the explanatory
variables and the individual fractions.
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than half of these species were recorded during winter (� 65% or
358-species) and most of them from annuals (� 85%). During
summer 118-species (� 21%) were recorded, and the remaining
79-species (� 14%) were recorded as weeds present in crops all-
the-year-round. Agglomerative Hierarchical Clustering (AHC)
aggregated the weed assemblages associated with the 30 agroe-
cosystems (crops) in three groups or WAG (Fig. 2) based on their
floristic composition. The first group WAG A or group Sonchus oler-
aceus – Rumex dentatus included the weed assemblages associated
with agronomic winter crops, and the second group WAG B or
group Bassia indica – Cyperus rotundus included those associated
with agronomic summer crops, while the third group WAG C or
group Cynodon dactylon – Chenopodium murale included weed
assemblages associated with agronomic perennial crops and horti-
cultural crops (orchards). The measurement of diversity indices of
these weed assemblage groups revealed that WAG C scored the
highest species richness (S = 292), highest Shannon Wiener diver-
sity index (H = 5.60), highest Equitability (E = 0.92), and the lowest
Dominance (D = 0.005). On the other hand, WAG B scored the low-
est S (=103), lowest H (=5.09) and the highest D (=0.009), while
WAG A scored intermediate estimates (refer to Table 1). Whit-
taker’s Beta (b) diversity index pairwise comparisons showed that
WAG C had gained a higher heterogeneity in species composition
as compared pairwise with WAG B than when compared with
WAG A, while WAG A and WAG B were less dissimilar in species
composition at the pairwise comparison (Global b diversity, Whit-
taker: 0.521; refer to Table 2). The absolute species turnover
among the two seasons of year (winter/summer) was scored as fol-
lows: bA = 39.13 ± 3.43, DivInd = 65.7 ± 1.184, and it was statisti-
cally significant at a level of significance of 0.05.

The measurement of the statistical fidelity of species using phi-
coefficient (U) indicated that out of the 150 weeds which were
specified as influential, 61-species were faithful to WAG A, 45 to
WAG B and 44 to WAG C, while 33 of these species had statistically
significant joint fidelity to their groups (WAG A – C) at a level of
significance of 0.05 (X2: a = 0.05, P* > 3.841). The other measured
ecological parameters of weeds indicate the significant effect of
crop seasonality on the preference of weed growth either. The
measurement of species seasonality (SS) of the most influential
weeds (index of winter and summer recurrence, WRI%/SRI%;
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Mahgoub, 2019a, 2019b) indicate that 87-species assigned as
winter weeds of them 64-species are annuals (W) while 23-
species showed tangible growth in the corresponding other half
of the year (Ws), while 44-species assigned as summer weeds of
them 27-species are annuals (S) and 17-species showed tangible
growth in the corresponding other half of the year (Sw), and 19
species as all-the-year-round weeds (A). The measurement of the
seasonal bias (Sb%) of these species also reveal that 27- species
showed a seasonal bias of at least 25%. of them 16 are winter
weeds, 10 are summer weeds and one of the all-the-year-round
weeds (refer to synoptic table – Appendix 1). This category of
weeds includes five of the six most predominant species of WAG
(A - C), which are: the two predominant species of the WAG A
(Sonchus oleraceus: Sb% = + 47.2, Rumex dentatus: Sb% = + 41.1),
those of WAG B (Bassia indica: Sb% = � 42.5, Cyperus rotundus: Sb
% = �26.1), and Chenopodium murale (Sb% = + 48.1) which is one
of the two predominant species of the WAG C. As for the second
predominant species of WAG C (Cynodon dactylon) it scores Sb% =
�6.8. However, the highest seasonal bias (Sb%) during the winter
was scored by Sinapis alba (Ws; Sb% = + 68.3) and Senecio glaucus
(W; Sb% = + 83.2) in Winter-tomato cultivation and Date palm
orchards, respectively, while the highest Sb% during the summer
was scored by Echinochloa colona (Sw; Sb% = � 48.7) and Erigeron
bonariensis / Digitaria sanguinalis (Sw, S; Sb% = � 28.3%) in Maize
fields and Mango orchards, respectively.

3.2. Weed growth in response to crop diversification

The likely association of a certain species with certain crop(s)
becomes also eminent through the records of species (Fr /Ab),
which show that although such a correlation was a reality for
one or more cultivations, in some others it was weak or absent.
Thirty-four of the most influential weeds showed such significant
ecological preference for growth in response to crop diversification
(CRDIV) as they scored coefficient of variation of at least 100% i.e.,
Cv � 100% (refer to Appendix 1). They showed ecological prefer-
ence for growth in fields cultivated with 13 agronomic and horti-
cultural crops, as follow: Phalaris paradoxa was common in
Wheat; Brassica nigra, Cichorium pumilum were common in Clover;
Phalaris paradoxa, Orobanche crenata were common in Broad bean;
Lepidium sativum, Sinapis arvensis, S. allionii, Matthiola longipetala
were common in Flax; Silene behen was common in Winter-
tomato; Abutilon theophrasti, Sesbania sesban, Corchorus olitorius
were common in Cotton; Amaranthus cruentus was common in
Maize; Eclipta prostrata, Echinochloa crus-galli, E. stagnina, E. pyra-
midalis, Cyperus difformis, C. alopecuroides, C. dives, Ammannia bac-
cifera, A. auriculata were common in Rice; Brachiaria deflexa was
common in Peanut; Ambrosia maritima was common in Water-
melon; Brachiaria reptans, Sorghum virgatum, Foeniculum vulgare,
Leptochloa panicea, Oxalis corniculata were common in Banana;
Setaria pumila, Oxalis corniculata were common in Mango; Mesem-
bryanthemum nodiflorum, M. crystallinum, Cakile maritima, Rumex
pictus were common in Date palm.

3.3. Weed growth in response to soil type

Forty of the sixty-four sampling sites studied in total were clas-
sified as FGS. The remaining twenty-four sites were assigned into
CGS typology (Fig. 1). ISA highlights that the ecological preference
for growth of the most influential weeds was affected by soil type
to varying degrees, as well. Sixty-six species showed ecological
preference for growth in fine grained soil (i.e., INDVAL
FGS > INDVAL CGS), while eighty-four species showed ecological
preference for growth in coarse grained soil (i.e., INDVAL
CGS > INDVAL FGS). Of these, 94-species surpassed the ISA arbitrar-
ily threshold level for the identification of strong indicator species



Table 1
Syntaxonomic table illustrating the spatial distribution and classification of the 12 alliances (A1 - A12) which are recorded in WAG (A - C).A total of 555 species enumerated in WAG from which 150 species were evaluated as the most
influential weeds (INFSP). Within the vegetation units (WAG), twelve alliances (within-group associations) are specified and the record of them match to a specific environmental condition (ecological niche). In these alliances twenty-
nine species are identified as strong indicators (SINSP) and they are listed in order according to their effectiveness based on their values in the preference index (PRFIND). The diversity indices and ecological criteria for both the alliances
and WAG are also included in the table and the maximum values are in bold text: S = Species richness, H = Shannon-wiener diversity index, E = Equitability, D = dominance, W =Winter weeds, A = All-the-year-round weeds, S = Summer
weeds, Ws/Sw = winter and summer weeds which showed tangible growth in the corresponding other half of the year, FGS = Fine grain soil, CGS = Coarse grain soil, � = convergent values (for values of PRFIND, legend of crop code and
location of sites (districts), refer to synoptic tabl Appendix 1 & location map – Fig,. 1).

Classification scheme
of Alliances (A1 - A12) /
Weed assemblage
groups (WAG A - WAG
C)

Species
codes

Preferred
site
typology
(FGS/
CGS)

Ecological
niche (special
environmental
condition)

Ecological
niche (special
environmental
condition)

Preferred
Crop type
/ Crop
Category

Species Seasonality Diversity Indices No.
of
INFSP

Strong indicator species (SINSP)

W Ws A S Sw S H E D Number
of
species

WAG A Sonchus oleraceus –
Rumex dentatus

Sool–Rude WC 121 21 12 4 2 160 5.29 0.89 0.007 61 16

A1 Polypogon
monspeliensis –
Chenopodium album

Pomo–Chal CGS high HCO3, low
K+, fine sand %

18, 35, 37, 39,
58, 59, 62

Cl, Tw 87 20 9 3 2 121 4.25 0.89 0.018 57 1 Raphanus raphanistrum

A2 Melilotus indicus –
Malva parviflora

Mein–Mapa CGS high HCO3, K+,
HC, fine +
coarse sand %

7, 9, 34, 38, 40,
48, 58, 59

Cl, Br, Tw 82 17 9 1 1 110 4.28 0.91 0.017 51 4 Brassica tournefortii, Lolium
perenne, L. multiflorum,
Plantago lagopus

A3 Convolvulus arvensis –
Beta vulgaris

Coar–Bevu FGS high HCO3,
WHC, clay +
silt %, low sand
%

3, 13, 14, 29 -
32, 41, 43, 46,
50, 60

Wh, Br, Ar 101 19 10 1 2 133 4.35 0.89 0.016 57 3 Euphorbia helioscopia,
Foeniculum vulgare, Avena
sterilis

A4 Vicia sativa – Brassica
nigra

Visa–Brni FGS high HCO3,
clay � silt �
sand %

29, 30 Cl, Po 104 20 11 4 2 141 4.47 0.90 0.015 58 3 Brassica rapa, B. nigra,
Orobanche crenata

A5 Medicago intertexta
subsp. ciliaris – Capsella
bursa-pastoris

Meci–Cabu FGS high HCO3,
high clay and
low silt, sand %

29 -31 Cl, Fl, Po 94 21 9 3 2 129 4.36 0.90 0.016 59 5 Medicago intertexta subsp.
ciliaris, Capsella bursa-
pastoris, Cuscuta planiflora,
Lepidium didymum, L.
sativum

WAG B Bassia indica –
Cyperus rotundus

Bain–Cyro SC 6 2 16 58 21 103 5.09 0.90 0.009 45 9

A6 Echinochloa colona –
Dinebra retroflexa

Ecco–Dire FGS high clay + silt
%, WHC, pH ,
low sand %

21, 23, 24, 25,
26, 28, 32, 33,
49, 50

Co, Ma, Ri 3 0 15 33 21 72 3.74 0.88 0.030 43 4 Hibiscus trionum, Sida
spinosa, Echinochloa
stagnina, Brachiaria reptans

A7 Aster squamatus –
Amaranthus viridis

Assq–Amvi FGS high CaCO3,
pH, clay � silt
� sand %

2, 5, 10, 11, 13,
17, 32, 33, 49

Co, Ma, Ri 4 0 14 28 17 63 3.74 0.90 0.029 40 1 Echinochloa crus-galli

A8 Phyla nodiflora –
Portulaca oleracea

Phno–Pool CGS high TSS, Ca++,
Mg++, Cl-, HC,
fine + coarse
sand %

34, 35, 38 Ma, Ts, Vs,
Sm

6 1 16 51 19 93 4.13 0.91 0.020 42 2 Polygonum equisetiforme,
Portulaca oleracea

A9 Panicum repens –
Amaranthus graecizans

Pare–Amgr CGS high Na+, Mg++,
pH, fine sand %

56, 59 Ma, Pe,
Wm, Sm,
Vs

6 1 16 54 19 96 4.13 0.91 0.020 43 2 Imperata cylindrica,
Limbarda crithmoides

WAG C Cynodon dactylon –
Chenopodium murale

Cyda–Chmu PC + OC 176 29 51 29 7 292 5.60 0.92 0.005 44 4

A10 Sorghum virgatum –
Urtica urens

Sovr–Urur FGS high HCO3, K+,
clay � silt �
sand %

41, 44, 47 Ba, Gu,
Mn, Pd

70 18 32 18 6 144 4.50 0.91 0.016 38 1 Cynanchum acutum

A11 Erigeron bonariensis –
Digitaria sanguinalis

Erbo–Disa CGS high TSS, Ca++,
Mg++, Cl-, HC,

16, 35 - 38, 48,
58, 61, 62

Gu, Mn,
Dp, Gr

26 8 11 10 5 60 3.75 0.92 0.031 31 1 Mesembryanthemum
nodiflorum

(continued on next page)
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Table 2
Whittaker’s Beta (b) diversity index pairwise comparisons for WAG (A - C). Global
beta diversity, Whittaker: 0.521.

WAG A WAG B WAG C

WAG A 0
WAG B 0.287 0
WAG C 0.300 0.357 0
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proposed by Dufrêne and Legendre (INDVAL � 25%), and of them
29-species were accepted in the present study. These twenty-
nine species included 16-species assigned as strong indicators for
fine grained soil (INDVAL � 25%, FGS � 2 CGS), and 13-species for
coarse grained soil (INDVAL � 25%, CGS � 2 FGS), refer to synoptic
table - Appendix1.
3.4. Weed growth in response to the combined effect of the three
decisive environmental variables

The Fr /Ab importance values of species measured in the raw
data set, and those presented in the synoptic table (Appendix 1)
reveal that the records of the six most predominant species in
WAG categories (A - C) differ between sites with different typology
as well as from the one crop-category to the other. Although they
were recorded in all crops during the favorable growth season of
them (Fr = 100%), however they had lowest abundance values
when some crops have been cultivated in one of the two site
typologies where a specific environmental condition prevails
(e.g., high soil content in CaCO3, HCO3–, Na+, K+, coarse sand, silt,
high pH, . . .. . .. etc.).

This disparity in the performance of the six predominant weeds
was recorded along with the prevalence of twelve alliances or
within-group associations (A1 - A12) of less-common (differential)
species (refer to Table 1, Table 3 & Fig. 3). The recording of each of
these alliances matches to the presence of a specific ecological con-
dition (ecological niche). Five of them (WAG A/ A1 – A5) were
recorded in agronomic winter crops grown in soil with high
HCO3 content. The first two weed communities A1 (association
Polypogon monspeliensis – Chenopodium album) and A2 (association
Melilotus indicus – Malva parviflora) were recorded in Tomato, Clo-
ver and Broad bean which were cultivated in CGS, however the
occurrence of the A2 community matched to more specific ecolog-
ical condition of higher soil content in K and coarse sand. The three
other weed communities (A3 or association Convolvulus arvensis –
Beta vulgaris, A4 or association Vicia sativa – Brassica nigra and A5
or association Capsella bursa-pastoris – Medicago intertexta subsp.
ciliaris) were recorded in Clover, Wheat, Artichoke and Potato cul-
tivated in FGS. However, the record of A3 community is related to a
higher soil content of clay and silt than A5 and A4 communities,
respectively. The A4 community presented the highest species
richness (141 sp.), while A5 included the highest number of influ-
ential weeds (59 sp.). The measurement of the degree of similarity
in floristic composition between these weed communities by Jac-
card similarity coefficient (J) revealed that J (A1, A2) was not statis-
tically significant at P < 0.05, while J (A3, A4) & J (A3, A5) & J (A4,
A5) were statistically significant and the highest overlap was
scored between communities A4 and A5 (J (A4, A5) = 81%). Surpris-
ingly, community A1 which was recorded in CGS sites gained sta-
tistically significant J values with communities A3, A4 & A5 that
were recorded in FGS sites (refer to Table 3). Four associations
(WAG B/ A6 – A9) interrelated with agronomic summer crops.
The first two weed communities (A6, A7) were recorded in Cotton,
Maize and Rice cultivated in FGS sites. However, the community
A6 (association Echinochloa colona – Dinebra retroflexa) was related
with those farmlands that have high soil content of clay & silt, high



Table 3
Jaccard similarity coefficient (J) for the tweleve alliances (within-group assoications). Statistically significant J-values are in bold (P* < 0.05).

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12

A1 1
A2 0.55 1
A3 0.73* 0.59 1
A4 0.84* 0.69 0.71* 1
A5 0.92* 0.53 0.71* 0.81* 1
A6 0.44 0.37 0.43 0.41 0.44 1
A7 0.55 0.49 0.54 0.53 0.53 0.53 1
A8 0.49 0.43 0.48 0.49 0.47 0.45 0.54 1
A9 0.56 0.47 0.56 0.54 0.55 0.53 0.63 0.71* 1
A10 0.54 0.55 0.52 0.54 0.51 0.43 0.66 0.50 0.50 1
A11 0.39 0.43 0.38 0.34 0.35 0.43 0.47 0.36 0.40 0.51 1
A12 0.56 0.52 0.53 0.57 0.54 0.43 0.80* 0.56 0.57 0.86* 0.45 1
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WHC values and high pH (alkaline soils), while A7 (association
Aster squamatus – Amaranthus viridis) was more frequent in soils
characterized by high content of CaCO3 and high pH (calcareous
soil). The other two weed communities A8 (association Portulaca
oleracea – Phyla nodiflora) and A9 (association Panicum repens –
Amaranthus graecizans) were recorded in Maize, Peanut, Water-
melon, Sweet-melon, Summer- tomato, and Vegetables cultivated
in CGS sites characterized by high soil salinity, however the latter
community (A9) prevails in soils with high pH and high Na+ con-
tent (sodic soils). Community A9 scored the highest S (96 sp.)
and included the highest number of INFSP (43 sp.) either. J (A6,
A7) was not statistically significant, while the communities A8
and A9 shared high number of species and scored a statistically sig-
nificant Jaccard similarity index value (J (A8, A9) = 71%). The
remaining associations (A10, A11, A12) refer to WAG C. The first
of these weed communities (A10 or association Sorghum virgatum
– Urtica urens) was recorded during the winter season in Banana,
Apricots, Nectarine, and peach orchards planted in FGS sites char-
acterized by soils with high content of HCO3 and K. The two other
communities A11 (association Erigeron bonariensis – Digitaria san-
guinalis) and A12 (association Euphorbia peplus – Sisymbrium irio)
were recorded during the summer and the winter seasons of the
year, respectively, in Guava, Mango, Date palm, Grape, Pear and
Apple orchards grown in CGS sites characterized by high soil salin-
ity. However, community A12 excelled in soils with high K content
and had the highest S (170 sp.) and highest INFSP (40 sp.) either. J
(A10, A12) was statistically significant and the probability of a spe-
cies to be recorded in both communities was 86% (refer to Table 3).
In these alliances, twenty-nine species were specified as strong
indicators and they are ranked according to their effectiveness
depending on their values in the preference index (PRFIND), refer
to Table 1, synoptic table - Appendix 1.

RDA was successful in extracting and summarizing the varia-
tion of species importance values (Fr/Ab) in relation to the matrix
of the identified Weed Assemblage Groups (WAG A -C), refer to
synoptic table - Appendix 1. This variation can be attributed to spe-
cies preference to the three environmental variables concerning
soil type, crop seasonality and crop diversification. It should be
reminded that the soil type, soil properties, crop seasonality and
crop diversification are all environmental variables (not ecological
preferences) that affect the weed growth. Thus, according to their
preferences towards these variables the weeds are grouped into
communities and then into community groups. Therefore, a spe-
cies or community shows ecological preference or not in one of
the above variables. The constrained variance was much higher
than the unconstrained one, and the algorithm explained 79.16%
of the total variance. The permutation test indicated that both
the model and eigenvalue of RAD axis1, were statistically signifi-
cant at a = 0.01. The first axis explains 50.6% of the variation, while
first axis along with the second one interpret the 69.3%. The RDA
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results which are displayed in the correlation triplot (Fig. 3) indi-
cate that RDA axis1 can be interpreted as a sand–clay gradient,
since it correlates positively with soil sand content (fine sand
and coarse sand) and negatively with the clay content of the soil.
As for RDA axis2, it is positively correlated with CaCO3 soil content,
and negatively correlated with soil content in HCO3 & K. Thus, it
can be interpreted as CaCO3–K/HCO3 gradient. The sets of objects
scores and explanatory variables scores indicated that seasonality
and diversification of crops had a stronger effect on the structure
of weed communities associated with crops cultivated in CGS than
that on the structure of those associated with crops on FGS. The
length of the vectors of the explanatory variables shows that
growth preference of most influential weeds seems to be more
affected by crop seasonality rather than by crop diversification
and soil type, and the angles between these vectors reflect the sig-
nificance of their linear correlation. Conceiving the site objects
ordination, we can realize that the littoral sites of Nile Delta were
the most similar in species composition, followed by the remaining
sites of Nile Delta region, and the sites of east and west adjoining
territories. The distances between the points of species and sites
for the six predominant species and their ordination in the triplot
RDA correlation indicate that their relative abundance and proba-
bility of occurrence (predicted relative frequency) differed across
sites. Four among these species (Sonchus oleraceus, Chenopodium
murale, Cyperus rotundus and Rumex dentatus) show ecological
preference for growth in sites of FGS typology, while two of them
(Cynodon dactylon and Bassia indica) prefer sites of CGS typology
for their growth. The two latter species also show a higher proba-
bility of occurrence in the sites with high soil salinity, low capacity
of water holding (in the east and west territories of Nile Delta),
than that the other four species which are more frequent in sites
characterized by lower soil salinity, higher-water holding capacity
and higher K soil content. The coordinates of their object points
refer to their scores along the gradients of sand–clay (RDA axis1)
and CaCO3–K/HCO3 (RDA axis2), and the projection of an ordi-
nated point onto a variable vector, approximates the variable’s
value realised for that object. Visualizing the ordination of the
object points in the RDA triplot for the two most predominant spe-
cies in each of the twelve alliances recorded (A1 - A12) and those of
the strong indicators also reveal the disparity in their performance
in response to the three environmental variables and indicate the
ecological conditions with which the presence of these alliances
is related, as previously mentioned. The scores of their coordinates
along RDA axis1/axis2 and the right-angled projections of their
object-points onto vectors give an assessment of their preference
for growth regarding soil type, crop seasonality and crop
diversification.

Partitioning the variation between the three environmental
variables (which are considered explanatory matrices reflecting
the ecological preferences of investigated weed communities and
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interpret their distribution, see synoptic table - Appendix 1) in the
matrix of species response indicated that the partial linear effect of
crop seasonality on the response data greater than that of the other
environmental variables. The adjusted R2 values of the marginal
and conditional effect of crop seasonality were 76.23% & 25.71%,
respectively, while those of soil type and of crop diversification
were 46.75% & 2.17%; 47.69% & 0.35%, respectively (refer to
Fig. 4). The results indicated strong correlation between the three
explanatory variables, and the shared variation explained by them
was much higher (Adj.R2 = 40.6%) than the shared variation
explained by only two of them (Adj.R2 = 0.4�6.34%). ANOVA
results revealed that all simple (marginal) and conditional (partial)
effects of the three predictors were significant at P < 0.001.
4. Discussion

Several phytosociological researches illustrated that the struc-
ture of weed communities is determined by the combined effects
of a whole range of ecological factors (Mahgoub, 2019a;
Gholinejad et al., 2012). Usually, it is structured mainly by edaphic
qualities which characterize the soil itself (e.g., drainage, soil tex-
ture or chemical properties such as pH, soil salinity, . . .etc.), cli-
matic conditions, and crop seasonality which depends on crop
genetic adaptation (Mahgoub, 2019b). However, the quest to bring
new lands under cultivation is considered as the cornerstone for
the agricultural policy in several countries. In Egypt, desert com-
prise about 95% of the total land surface and except for Nile Delta
and the Fayium Oasis, only a narrow strip along the Nile is culti-
vated and the population is concentrated in these areas. It is not
surprisingly that the land reclamation was not only the corner-
stone of the Egyptian agricultural policy but it was also on the
political agenda since the 1950s. It has been used as a remedy
for a variety of problems e.g., desertification, alleviation of poverty,
and reduction of graduate unemployment (Adriansen, 2009). The
expansion in cultivation of non-traditional crops, especially in
reclaimed land, has become one of the means of improving agricul-
tural economic policy in the country. It usually concerns the shift
of resources from low value agriculture to high value agriculture.
It is not only a move from occasional and low value crop(s) to high
value crop(s), but it could be considered also a need-based situa-
tion specific nonstop and vibrant idea, Hayami and Otsuka,
(1992) commentated the issue. In the past few years, crop diversi-
fication played an essential role in the agricultural strategy of the
country as aforesaid, and a diverse array of non-traditional crops
has been cultivated. Hence, crop diversification can be recognized
as a new driver of weed growth. Consequently, it is worth wonder-
ing about the ecological preference of weed growth in response to
the presence of this new driver additionally to the drivers formerly
mentioned, viz., crop diversification, crop seasonality and soil type;
which is the topic of the present phytosociological study.

The differentiated ecological preference of species in crop sea-
sonality was evident through the results of AHC, where the weed
assemblages associated with agronomic winter crops were sepa-
rated in WAG A (group Sonchus oleraceus – Rumex dentatus), the
weed assemblages associated with agronomic summer crops in
WAG B (group Bassia indica –Cyperus rotundus), and those of agro-
nomic perennial crops and horticultural crops (orchards) in WAG C
(group Cynodon dactylon – Chenopodium murale). Moreover, the
chunks of agronomic perennial crops were separated in one clade
from those of orchards in WAG C. The higher species richness that
was recorded in orchards (S = 287 sp.), and in WAG A (S = 160 sp.)
in relation to that scored in the WAG B (S = 103 sp.) and in the
perennial agronomic crops (S = 32 sp.), was a consequence of the
high number of winter annuals which were present in the crops
of CGS typology in the northernmost part of Nile Delta where the
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area is subjected to heavy rain fall during winter and horticulture
was widely recorded. The appearance of winter annuals in their
ecological niche, matched to the presence of specific environmen-
tal conditions which related first with the plentiful of water
resources that are mainly available in arid habitats through high
ratios of rainfall (Mahgoub, 2019b), and in general the spatio-
temporal dynamics of vegetation in arid and semi-arid regions
are largely determined by water availability (Li et al., 2001). It is
also conspicuous due to the higher heterogeneity in species com-
position that is observed between WAG C and WAG B (b = 0.357)
when they are compared pairwise than between the WAG C and
WAG A (b = 0.300). In comparable, the lower heterogeneity in spe-
cies composition between WAG A and WAG B when they are com-
pared pairwise is attributed to the lower number of winter annuals
relative to the total number of shared species (Ws and Sw) which
were recorded.

The ecological amplitude of species differs and species domi-
nant in a group may be recorded with lower frequency within
another group as well. Even though this happens very often, i.e.,
species recordings shared between the groups, something that
was expected and accepted (Mahgoub, 2019a, 2019b), however
the measurement of the phi coefficient (U) indicated the signifi-
cant influence of crop seasonality. Out of the 150 most influential
weeds, 61-species were faithful to WAG A, 45 to WAG B and 44
to WAG C, of these, 33-species had statistically significant joint
fidelity to their specified groups (WAG A – C) at a level of signifi-
cance of 0.05 (X2: a = 0.05, P* > 3.841). The acute angles between
the vectors of crop seasonality and CGS, and the obtuse angles
between the its vector and that of FGS in the RDA triplot correla-
tion signify that the impact of seasonality on growth preference
of weeds colonizing crops cultivated in sites of typology CGS, is
more prominent than on the weeds thriving in crops grown in sites
of the second typology. The measurement of SS and Sb% also
underlines the significance of the effect of seasonality, suggesting
that ecological behavior of weeds is affected in various ways by
crop seasonality. Out of the 150 species designated as the most
influential weeds, 87-species confine their growth activity or exhi-
bit their best performance during the winter season (W = 64-
species & Ws = 23-species) while 44-species enumerated during
the summer season (S = 27-species & Sw = 17-species) and 19-
species were recorded all-the-year-round. The categories ‘‘W”
and ‘‘S” include winter and summer counts respectively, while
the of species of the two other categories, viz., ‘‘Ws” and ‘‘Sw”
showed tangible growth in the corresponding other half of the year
(spring and autumn) either in crops that are cultivated during early
winter or in those of early summer, respectively. Even the remain-
ing 19 of which general set of species which were designated as all-
the-year-round-year weeds (A), their Sb% values (-26.1 to + 8.9)
indicated that they showed a ± ecological preference for growth
either in winter or summer cultivations, where 7-species of them
flourished during the winter half while 12-species in the summer
half of the year. The measurement of the seasonal bias percentage
also revealed that 16-species of the winter weeds and 10-species of
the summer weeds showed a seasonal bias of at least 25%. More-
over, the test of the statistical significance of the calculated abso-
lute species turnover (bA; Whittaker, 1972) for data of presence -
absence among the two seasons of the year (winter/summer)
express the effect of seasonality on structure of the identified weed
communities and it was statistically significant at P < 0.05. In addi-
tion, partitioning the variation in the response matrix (species
records) indicated also that the partial linear effect of crop season-
ality on the response data was greater than that of the other envi-
ronmental variables under study (refer to Fig. 4).

This remarkable impact of crop seasonality is attributed to the
effect of seasonal climatic changes on the germination and growth
of weeds where crops are cultivated in their suitable agricultural
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seasons, and the success of weed(s) to associate with crop(s) under
certain environmental conditions depends on their ecological
amplitude. De facto, the relationship between vegetation and cli-
mate is absolute, each is entirely dependent on the other
(Mahgoub, 2019a).

The significance of growth behavior of weeds in response to
crop diversification depends on the extent of the likely association
of certain weeds with certain crops. The growth preference of
weeds in response to crop diversification can be investigated
through several results. The expansion in crop diversification and
the cultivation of non-traditional crops in reclaimed land seems
to be the main reason for what was observed during RDA analysis
of the higher relative impact of crop diversification and crop sea-
sonality on the structure of weed communities associated with
crops cultivated in CGS than that on the structure of those associ-
ated with crops on FGS. Moreover, the measurement of the coeffi-
cient of variation for the 150 most influential weeds reveals that
136 species scored Cv > 50%, 34 of which achieved a score of
Cv � 100%. These 34-species are the most affected by crop diversi-
fication, showing greater growth preference in 13 of the 30 agro-
nomic and horticultural investigated crops.

Although herbicides are the dominant tool used in modern agri-
culture to control weeds, however it is not a complete solution to
the complex challenge that weeds present (Harker, and O’Donovan,
2013). The overuse of herbicides has led to the rapid evolution of
herbicide-resistant (HR) weeds (Beckie 2006; Powles and Qin,
2010; Egan et al. 2011). This situation resulted in ever-increasing
populations of HR weeds especially those with multiple herbicide
resistance which conducted weed researchers to develop manage-
ment systems that are less dependent on herbicides (Powles and
Matthews, 1992). Considering this point of view, the noticeable
weed/crop interaction recorded in the present study can be used
as a successful cultural control technique to aid in developing a
sustainable weed management practice. The application of crop
diversification plan in crop rotation technique considering the
stacking of these crops with those in which other species thrived,
can be taken seriously as an adequate weed controlling mechanism
and will cause the strongest population reduction of the weeds
most harmful.

The results of several researches confirm the potential success
of this approach as a weed management practice. Lotz et al.
(1991) confirm that the adoption of crop rotation is a sustainable
and beneficial way of avoiding the herbicides, and usually crop
rotation is preferred rather than monocropping technique. Addi-
tionally, Crop diversification involves the cultivation of traditional
and non-traditional crops, and the influence of crop type in struc-
ture of weed communities was a discussion matter of several ecol-
ogists who have declared that the type of crop has significant effect
on species composition and weed community structure (Holzner,
1978; Andersson and Milberg, 1998; Fried et al., 2008;
Andreasen and Skovgaard, 2009; Mahgoub, 2017). Furthermore,
the interactions between weeds and crops and the extent of their
competition for the available natural resources (e.g., weed-weed
competition, weed-crop competition and crop-weed competition)
were studied by several researchers (Radosevich & Holt, 1984;
Garrison et al., 2014; Swanton et al., 2015) and they revealed that
vigorous crops and higher crop density may be important in reduc-
ing weed competition. They also indicated the importance of cul-
tural control techniques and Garrison et al. (2014) mention that
although more research is needed to fully understand the effects
of crop stacking on other aspects of the system, such as insect pests
and diseases, crop stacking has the potential to improve weed sup-
pression, and more generally it is a novel, process-based approach
that could likely be applied to other weed management practices,
such as mowing and herbicide application, and which could
involve mechanisms other than weed-weed competition. The
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weed-crop competition was also discussed by other researchers.
Korres (2018) in the book of Non-Chemical Weed Control (pp.
97:114) points out that Lemerle et al. (1995) and Angonin et al.
(1996) report reduction of nitrogen, phosphorus and potassium
concentrations in a range of cereal crops due to competition with
species Lolium rigidum Gaudin, Veronica hederifolia L. and Avena fat-
ua L., and it has been shown in other agronomy studies that some
species such as Stellaria media (L.) Vill., Chenopodium album L., Cir-
sium arvense (L.) Scop. and Elytrigia repens (L.) Nevski bind less
nitrogen than cereals (Jornsgard et al., 1996; Stupnicka-
Rodzynkiewicz et al., 1996). On the performance of the species C.
album, Qasem (1992) cites that Chenopodium murale L. strongly
competes some other species under various conditions and had
negative impact of on different crops. Qasem (1997) adds that it
accumulates N, P, K and Mg better than associated vegetable crops
and many other weeds it co-exists with under field conditions.
Blackshaw et al. (2004) conclude that another factor that determi-
nes the outcome of competition for nutrients is the phenotypic
plasticity of weeds (i.e., species-dependent) that enables them to
utilize high nutrient levels by means of luxuriant growth. Based
on their summary of invasiveness cited in the Invasive Species
Compendium (CABI/ISC, 2021), C. murale and three other predom-
inant weeds of WAG can be considered from the world’s worst
weeds. Holm et al. (1977) report C. murale as a widespread weed
species in more than 43 countries, describe Sonchus oleraceus as
the almost perfect ‘designer weeds’ for a community composition
because they grow and flower quickly and produce copious
wind- and bird-dispersed seeds that germinate quickly in large
numbers and invade a wide variety of environments including
many cropped areas; record Cyperus rotundus in more than 90
countries where it grows as a weed infesting at least 52 different
crops and list Cynodon dactylon as a ’serious’ or ’principal’ weed
in no less than 57 countries in which it invades crops of tropics,
subtropics, and temperate regions.

It should be also pointed out that a sundry of cultural control
researchers studied crop-weed competition and the use of some
crops to smother weeds. In their textbook the Crafts and
Robbins, 1975 cite various crops as suitable for suppressing or
stopping weed growth (potential smother crops), noting that rota-
tion of crops with those that kill weeds by choking them out can be
a very effective method of weed control especially in relevance for
crops grown for organic certification. Other researchers also indi-
cate that legumes or other cover crops are sometimes used for
smothering Cynodon dactylon since the weed does not tolerate
deep shade and shading drastically affects both above- and
below-ground growth, and the main non-chemical approaches to
control C. dactylon are deep tillage and shading/smothering crops
(Gould, 1951; Burton et al., 1959; McBee, and Holt, 1966;
Schmidt and Blaser, 1969; Hart et al., 1970; Burton et al., 1988).
Light seems to be essential for successful germination of Sonchus
oleraceus thus burial in the soil or a vegetation cover can inhibit
its seed germination leading at the same time in a high seedling
mortality (Sheldon, 1974; Fenner, 1978; Hutchinson et al., 1984).
There is also evidence that growth rates of Chenopodium murale
exhibit severe reduction as a response to intraspecific competition,
and that the reduced K level in the soil decreases its competitive
ability (Qasem, 1997). Cyperus rotundus has low tolerance of shade,
a property that can be exploited in controlling this weed through
crops with dense canopies (Rambakudzibga, 1999). Field observa-
tions across the crops and the sites selected for the purpose of pre-
sent study and the tabular technique for species records indicated
that, in comparison with the other four predominant species, Bas-
sia indica and Rumex dentatus show a negative correlation with
perennial cover. This fact indicates that they favor sites with low
diversity and prefer to occur in habitats with a little competition,
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consequently, the measures of cultural control by weed-
smothering crops will also be effective.

However, to obtain a successful diversification plan the suitable
crop should be chosen, but the cultivation of a certain crop type is a
result of the existing available natural resources such as soil type,
plentiful of water, prevailing climatic conditions, ecological ampli-
tude of the crop, . . .etc. (Mahgoub, 2019a). Several researchers
deliberated the effect of soil structure on the types of crops grown.
Ocumpaugh et al. (1991) declared that Calcareous soils can induce
Fe-deficiency chlorosis in several forages including many forage
legumes, and Hopkins et al. (2007) indicated the unfavorable
physicochemical properties of alkaline soils, and report that the
agriculture is limited to crops tolerant to surface waterlogging,
and Rice cultivation is preferable, however the report of FAO
(1999) announced that Taro (Colocasia esculenta (L.) Schott) can
be grown in paddy fields where water is abundant. It is estimated
that about 20% of arable land and 50% of cropland in the world are
salt-affected areas (FAO, 2007), and the effect of saline soils on the
type of crop cultivated debated the interest of several researchers
(Marschner, 1995; Ayers and Westcot, 1976). Saline soils are
mostly also sodic and crops vary widely as far as their tolerance
to soil sodicity. Gude (2018) indicated the adverse impact of the
increase in Na± concentration on the soil’s physical properties,
and Abrol and Bhumbla (1979) report long-term field studies eval-
uating the effect of exchangeable sodium on the performance of
several field crops: e.g., rice, sugar beet (tolerant); wheat, clover,
sugarcane, cotton (semi-tolerant); and maize, lentil, cowpeas, peas,
peanut (sensitive). Moreover, West Gippsland Catchment
Management Authority (WGCMA) in its annual report 2018–19
reveals that most sodic soils can be ameliorated by a low capital
input investment, considering that through phytoremediation
and a crop diversification plan which will be based on cultivation
of deep rooting plants (e.g., lucerne, tillage radish and canola) soil
improvement and productivity growth could be achieved. They
also declared that Brassica crops stimulate soil mineral N accumu-
lation, and maintaining lucerne (Medicago sativa L.) as an under
crop minimize in-crop nitrogen requirements and provide maxi-
mum ground cover in a mixed farming system and fill feed gaps.

Among the abiotic factors, topography, and soil type play a
major role in the heterogeneity of habitats, thus contributing to
physiognomic differentiation of vegetation (Oliveira-Filho and
Ratter, 2002; Baldeck et al., 2013; Guerra et al. 2013). The diversi-
fied growth preference of weeds in response to soil type and other
physical soil properties influenced by its texture (e.g., porosity,
permeability, infiltration, shrink-swell rate, water-holding capac-
ity, and susceptibility to erosion) is clearly reflected in the results
of the present study. ISA illustrates that out of the 150 most influ-
ential weeds, 66-species have growth preference in FGS and 84-
species in CGS soils (refer to synoptic table - Appendix 1). The anal-
ysis also certifies that 94-species of them scored an INDVAL of at
least 25% in one of the two identified site typologies, and 29-
species of them can be characterized as strong indicators for a
specific environmental condition (ecological niche). Although the
influence of soil type on weeds preference for growth was evident
during the RDA, results from ecological and agricultural researches
recommended the use of the soil physicochemical properties as
supplementary variables. A sundry of them reveals the effect of soil
texture as well as of other physical soil properties influenced by it,
on vegetation structure. Sparks (2003) concluded that soil struc-
ture, or the arrangement of soil particles, has a critical effect on
permeability and infiltration. Passioura (1991) declare that the soil
structure, the spatial arrangement of its individual particles and
their aggregates, and its pores, play a multifaceted key role in the
factors determining crop and vegetation performance. Lane et al.
(1998), Le HouŽrou (1984), and Sala et al. (1988) discuss that soil
texture has on the above-ground net primary production of plant
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communities (ANPP). Parton et al. (1987, 1993) and Burke et al.
(1989) indicate that soil texture may also exert a control on nutri-
ent availability, and that fine-textured soils have higher levels of
organic matter and greater nutrient availability than coarse-
textured soils. Moreover, the effect of soil chemical properties on
weed community composition, weed density, and soil fertility are
also a matter of discussion in several ecological and agronomic
researches. Andreasen et al. (1991) and Otto et al. (2007) reveal a
relation between the density of some weeds and the existence of
certain soil characteristics. Ayers and Westcot (1976) and
Marschner (1995) discuss the sensitivity or tolerance of species
to salts and indicate the adverse effect of increasing soil salinity.
Gregorich et al. (1994) declare that the soil organic matter (SOM)
is important in maintaining several soil properties and Oates
(2008) indicates that the addition of CaCo3 in the form of agricul-
tural lime (ag lime) affects soil pH and soil nutrient availability.
Saline soils are mostly also sodic and several researchers report
that salinity and sodicity have a major effect on the structure of
soils consequently affecting both physical and chemical fertility
of them (Abu-Shara et al., 1987; Goldberg et al., 1988; Tajik
et al., 2003; Shainberg et al., 1992). In light with these findings
and from the present results also becomes clear that the optimal
growth of a species is related to both the physical and chemical
properties of the soil. Hence, during RDA soil chemical properties
were taken into consideration as supplementary variables for soil
type interpretation. The results reveal that four of the predominant
species in the identified WAG (Chenopodium murale, Sonchus oler-
aceus, Rumex dentatus and Cyperus rotundus) showed a higher prob-
ability of occurrence (i.e., predicted relative frequency) in FGS sites
of Nile Delta characterized by high soil content of K, high capacity
of water holding and low soil salinity, while the other two (Cyn-
odon dactylon and Bassia indica) showed their maximum growth
preference in CGS sites of east and west territories of Nile Delta
characterized by high soil salinity and low water holding capacity.
Additionally, the ordination of the species objects constituting the
identified alliances (within-group associations) in the RDA correla-
tion triplot reveal that the probability of occurrence of alliances is
correlated to the presence of certain site typology accompanied
with specific soil chemical properties as well: A9 is prevalent in
sodic soil; A6 in alkali soil; A7 in calcareous soils; A8, A11, A12
in soil characterized by high soil salinity; A3, A4, A5, A10 in soil
with high content of HCO3; A1, A2, in soil with high content of
K. The variability in the values of diversity indices for these alli-
ances and the statistical significance of their similarity in floristic
composition (J) which are observed in the results of the current
study in addition to the observed variation in the diversity of veg-
etation units (WAG) emphasize the effect of both physical and
chemical properties of soil on the performance of species which
mainly depends on the phenotypic plasticity and ecological
amplitude.

The findings of several studies focusing on the ecology of weeds
coincide with the results of the present study in several points
either. To name few of them: Hutchinson et al. (1984) reported
that Sonchus oleraceus is found on many different substrates,
including saline soils, but never on acid peat, and it primarily
occurs on relatively moist soils, rich in sodium, phosphorus, potas-
sium, and calcium; Qasem (1992) mention that Chenopodium mur-
ale has been regarded as a nutrient accumulator with a high
demand for K and N; Hussain et al. (1997) suggest that Rumex den-
tatus grows in disturbed habitats, often in moist areas, such as
lakeshores, edges of cultivated fields, and has allelopathic activity;
Bhati et al. (1979), and Bendixen & Nandihalli (1987) declare that
Cyperus rotundus may be found growing in soil types heavy clay
of varying salinity and that the purple nutsedge (C. rotundus) grows
best where soil moisture is high such as in Rice and Sugarcane cul-
ture, and consequently it is not an important weed of arid regions
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except on irrigated land; Holm et al. (1977) notify that Cynodon
dactylon occurs under semi-arid and irrigated conditions on a wide
range of soil types of varying pH and added that the undisturbed
rhizome system of Bermuda grass can survive flood conditions
and drought but it favors the growth in the medium-to-heavy
moist well-drained soils; and Shaltout and El-Beheiry (2000), and
Hand (2003) report that Bassia indica grows in saline soils provid-
ing a dense cover for the soil surface, and thus aids soil conserva-
tion and management and Hashem et al. (2016) added that this
species is adapted to abiotic stress and has been used in the repair
of desert ecosystems, in salt phytoremediation and for livestock
grazing on land affected by salinity, it is an annual halophyte that
mainly occurs in desert ecosystems and can be found in salt
marshes; Cal-IPC (2004) indicates that Brassica nigra is a weed
appearing after disturbance events and it can be found wild grow-
ing in a variety of plant communities in regions with high soil
moisture, and while colonizes many soils except those of heavy
clays, black mustard (B. nigra) grows best on light sandy loams or
deep rich fertile soils; Maun and Barrett (1986) declared that Echi-
nochloa crus-galli, prefers open sunny places and is largely
restricted to wet soils, from loamy to clay. It can tolerate drier soils,
but can also continue to grow when partially submerged and E.
crus-galli growing in wetland rice fields was unaffected by submer-
gence under 90 cm of natural floodwater for up to 40 days; Holm
et al. (1977), and Santoso et al. (1996) indicate that the habitats
of Imperata cylindrica vary from dry sand dunes of shores and
deserts to swamps, cultivated annual crops and river margins
and is widely believed to indicate poor soil fertility; Thanos et al.
(1991) and Minnich & Sanders (2000), report that Brassica tourne-
fortii inhabits sandy coastlines typically along the Mediterranean
coastline, its native habitat is typically areas of wind-blown, sandy
arid, or semi-arid environments.

It is eminent from the results that the developmental prefer-
ences of weeds and the subsequent diversity of communities that
they form within the cultivated crop(s) are a consequence of their
response to the combined effect of crop diversification, crop sea-
sonality, and soil type. This assumption is confirmed by correlating
the results of the analyzes conducted with each other (AHC, ISA, Fr/
Ab, SS, Sb%, RDA, VP), considering the measured diversity indices
and coefficients (S, H, E, D, Cv, J, U), along with the ordination of
species objects in RDA correlation triplot (proximity between spe-
cies points, and the distances between species/sites objects/vari-
able’s vector, X2 distance). For example, grouping of the
recognized associations within three WAG groups (A – C), which
correspond to three different types of agroecosystems is the result
of the differential response of the six predominant species to three
environmental variables (diversification/seasonality of crops and
soil type) which is usually attributed to the plant species pheno-
typic plasticity and heterogeneity (Shaltout & Sharaf El-Din,
1988). However, some species thrive well at the same soil condi-
tions (Ellenberg et al., 1992), and the increase of convergent eco-
logical conditions between sampling areas, affects their floristic
composition which depends on the species phenotypic plasticity
(Mahgoub, 2019a).

5. Conclusion

It is perspicuous that growth preference (selective develop-
ment, growth behavior) of weeds is a result of their response to
the combined effect of the three environmental variables under
study: crop diversification, crop seasonality, and soil type. Three
weed assemblage groups (WAG) were distinguished associated
with the 30 agroecosystems monitored. In these three different
types of agroecosystems, 12 alliances (associations within-WAG
groups) and 29 strong indicator species were recognized, the max-
imum ecological success of which matches to a specific environ-
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mental condition (ecological niche). Although weed control is a
recalcitrant issue, however the results indicated that a portion of
the solution is in a successful plan of crop-diversification. The suc-
cessful selection for a competitive crop that can be taken seriously
as an adequate weed controlling mechanism in a crop rotation
technique inevitably will cause strong population reduction of
harmful weeds on infested farmland improving soil productivity
and increasing crop yield.
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Chytrý, M., Tichý, L., Holt, J., et al., 2002. Determination of diagnostic species with
statistical fidelity measures. J. Veg. Sci. 13, 79–90. https://doi.org/10.1658/
1100-9233(2002)013[0079:DODSWS]2.0.CO;2.

Clarke, K.R., Warwick, R.M., 2001. Change in marine communities: an approach to
statistical analysis and interpretation. PRIMER-E Ltd., Plymouth Marin
Laboratory, UK. Retrieved from https://pml.ac.uk/.

Classification of Soils for Engineering Purposes, 1985. Annual Book of ASTM
Standards, D 2487-83, 04.08, American Society for Testing and Materials, pp.
395–408. https://doi.org/10.1520/d2487-98.

Crafts, A.S., Robbins, W.W., 1975. Modern weed control. Book; Berkeley: University
of California Press pp.440 pp. Retrieved from. https://www.worldcat.org/.

Curtis, J.T., McIntosh, R.P., 1950. The interrelations of certain analytic and synthetic
phytosociological characters. Ecology 31, 434–455. https://doi.org/10.2307/
1931497.

Dale, M.R.T., Thomas, A.G., John, E.A., 1992. Environmental factors including
management practices as correlates of weed community composition in spring
seeded crops. Can. J. Bot. 70, 1931e1939. https://cdnsciencepub.com/loi/cjb1.

Dufrêne, M., Legendre, P., 1997. Species assemblages and indicator species: the need
for a flexible asymmetrical approach. Ecol. Monogr. 67, 345–366. https://doi.
org/10.2307/2963459.

Egan, J.F., B. D., Maxwell, D.A., Mortensen, M.R. et al., 2011. 2, 4-
dichlorophenoxyacetic acid (2, 4-D)–resistant Q:1 crops and the potential for
evolution of 2, 4-D–resistant weeds. Proc. Natl. Acad. Sci. USA 108 E37. DOI:
10.1073/pans. 1017414108.

Egyptian Meteorological Authority, EMA, 2018. http://ema.gov.eg, Accessed
September 2018.

Ellenberg, H., Weber, H.E., Düll, R., et al., 1992. Zeigerwerte von Pflanzen in
Mitteleuropa. Scripta Geobotanica 18, 1–258. https://doi.org/10.1002/
fedr.19931040323.

European Union’s Horizon, 2019. European Conference for Crop Diversification.
Budapest, Hungary. (18th - 21st September 2019). Retrieved from. https://
www.cropdiversification2019.net/.
5606
FAO, 1999. Taro cultivation in Asia and the Pacific. RAP PUBLICATION: 1999/16.
Retrieved from. http://www.fao.org/3/AC450E/ac450e00.htm.

FAO, 2007. FAO Agristat. http://www.fao.org/3/a1200e/a1200e00.htm (accessed on
10 June 2016).

Fenner, M., 1978. A comparison of the abilities of colonizers and closed-turf species
to establish from seed in artificial swards. J. Ecol. 66 (3), 953–963. https://doi.
org/10.2307/2259307.

Frick, B., Thomas, A.G., 1992. Weed surveys in different tillage systems in south
western Ontario field crops. Can. J. Plant Sci. 72, 1337–1347. https://doi.org/
10.4141/cjps92-166.

Fried, G., Norton, R.L., Reboud, X., 2008. Environmental and management factors
determining weed species composition and diversity in France. Agric. Ecosyst.
Environ. 128, 68–76. https://www.journals.elsevier.com/agriculture-
ecosystems-and-environment/.

Garrison, A.J., Miller, A.D., Ryan, M.R., et al., 2014. Stacked Crop Rotations Exploit
Weed-Weed Competition for Sustainable Weed Management. Weed Sci. 62,
166–176. https://www.jstor.org/stable/43700644.

Ghersa, G.M., Holt, J.S., 1995. Using phenology prediction on weed management: a
review. Weed Res. 35, 461–470. https://doi.org/10.1111/j.1365-3180.1995.
tb01643.x.

Gholinejad, B. , Farajollahi, A., Pouzesh, H. (2012). Environmental factors affecting
on distribution of plant communities in semiarid area (Case study: Kamyaran
rangelands, Iran). Annals of Biological Research 3 (8):3990-3993. ISSN 0976-
123, Retrieved from. www.scholarsresearchlibrary.com.

Goldberg, S., Suarez, D.L., Glaubig, R.A., 1988. Factors affecting clay dispersion and
aggregate stability of arid-zone soils. Soil Sci. 146, 317–325. https://
openagricola.nal.usda.gov/catalog/ADL89024375.

Gould, F., 1951. Grasses of southwestern United States. University of Arizona,
Tucson, Arizona, p. 343 pp..

Gregorich, E.G., Carter, M.R., Angers, D.A., et al., 1994. Towards a minimum data set
to assess soil organic matter quality in agricultural soils. Can. J. Soil Sci. 74, 367–
385. https://doi.org/10.4141/cjss94-051.

Gude, V.G., 2018. Emerging Technologies for Sustainable Desalination Handbook,
2018. Elsevier, ISBN 978-0-12-815818-0 https://doi.org/10.1016/C2017-0-
03562-0.

Guerra, T.N.F., Rodal, M.J.N., Silva, A.C.B.L., et al., 2013. Influence of edge and
topography on the vegetation in an Atlantic Forest remnant in northeastern
Brazil. J. For. Res. 18, 200–208. https://doi.org/10.1007/s10310-012-0344-3.

Hammer, Ø., Harper, D.A.T., Ryan, P.D., 2001. PAST: Paleontological statistics
software package for education and data analysis. Palaeontologia Electronica 4
(1), 9pp. Retrieved from. http://folk.uio.no/ohammer/past/.

Hand, R., 2003. Supplementary notes to the flora of Cyprus III. BGBM Berlin-Dahlem,
second ed. Willdenowia 33, 305-325. DOI: 10.3372/wi.33.33209.

Harker, K.N., O’Donovan, J.T., 2013. Recent Weed Control, Weed Management, and
Integrated Weed Management. Weed Technol. 2013 (27), 1–11. https://doi.org/
10.1614/WT-D-12-00109.1.

Harper, D.A.T., 1999. Numerical Palaeobiology. Computer-Based Modelling and
Analysis of Fossils and their Distributions. X+468 pp. (ed.). Chichester, New
York, Weinheim, Brisbane, Singapore, Toronto: John Wiley & Sons. https://doi.
org/10.1017/s0016756800334410.

Hart, R., Hughes, R., Lewis, C., Monson, W., 1970. Effect of nitrogen and shading on
yield and quality of grasses grown under young slash pines. Agron. J. 62, 285–
287. https://doi.org/10.2134/agronj1970.00021962006200020032x.

Hashem, A., Abd_Allah, E.F., Alqarawi, A.A. et al., 2016. Role of calcium in AMF-
mediated alleviation of the adverse impacts of cadmium stress in Bassia indica
[Wight] A.J. Scott. Saudi Journal of Biological Sciences, 26: 828-838. http://
dx.doi.org/10.1016/j.sjbs.2016.11.003.

Hayami, Y., Otsuka, K., 1992. ‘Beyond the Green Revolution: Agricultural
Development Strategy into New Century’ in Jock R Anderson (ed), Agricultural
Technology: Policy Issues for the International Community, The World Bank,
Washington, DC, US, pp 35. Retrieved from. https://www.worldbank.org/.

Hazen, A., 1989. On the determination of chloride in water. Am. J. Chem. 2, 409–425.
https://pubs.acs.org/loi/jacsat.

Hendricks, W.A., Robey, K.W., 1936. The sampling distribution of the coefficient of
variation. Ann. Math. Stat. 7 (3), 129–132. https://doi.org/10.1214/aoms/
1177732503.

Hill, M.O., 1973. Diversity and evenness: a unifying notation and its consequences.
Ecology 54, 427–432. https://doi.org/10.2307/1934352.

Hill, M.O., 1979. TWINSPAN: A FORTRAN Program for Arranging Multivariate Data
in an Ordered Two-Way Table by Classification of the Individuals and
Attributes. Cornell University, Ithaca, New York 14850. Retrieved from.
https://www.researchgate.net/.

Hill, M.O., Gauch, H.G., 1980. Detrended correspondence analysis: an improved
ordination technique. Vegetatio 42: 47–58. Retrieved from. https://www.jstor.
org/journal/vegetatio.

Holm, L.G., Plucknett, D.L., Pancho, J.V., et al., 1977. The World’s Worst Weeds.
Distribution and Biology. Honolulu, Hawaii, USA: University Press of Hawaii.
AGRIS. Retrieved from. https://agris.fao.org/agris.

Holzner, W., 1978. Weed species and weed communities. Vegetatio 38, 13–20.
https://doi.org/10.1007/bf00141295.

Hopkins, B.G., Horneck, D.A., Stevens, R.G. et al., 2007. Managing Irrigation Water
Quality for Crop Production in the Pacific Northwest. PNW 597, 29 pp. Retrieved
from. https://catalog.extension.oregonstate.edu/pnw597.

Horváth, B., Opara-Nadi, O., Beese, F., 2005. A Simple Method for Measuring the
Carbonate Content of Soils. Soil Sci. Soc. Am. J. 69, 1066–1068. https://doi.org/
10.2136/sssaj2004.0010.

http://refhub.elsevier.com/S1319-562X(21)00449-6/h0100
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0100
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0100
https://doi.org/10.1017/S0890037X00029158
https://doi.org/10.1017/S0890037X00029158
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0115
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0115
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0115
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0120
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0120
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0120
https://doi.org/10.1614/WS-03-104R
https://doi.org/10.2307/1940179
https://doi.org/10.2307/1940179
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0140
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0140
https://doi.org/10.2136/sssaj1989.03615995005300030029x
https://doi.org/10.2134/agronj1988.00021962008000040002x
https://doi.org/10.2134/agronj1959.00021962005100090009x
https://doi.org/10.2134/agronj1959.00021962005100090009x
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0165
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0165
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0165
https://doi.org/10.2307/3236425
https://doi.org/10.2307/3236425
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0175
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0175
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0180
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0180
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0180
https://doi.org/10.1111/j.1461-0248.2004.00707.x
https://doi.org/10.1658/1100-9233(2002)013[0079:DODSWS]2.0.CO;2
https://doi.org/10.1658/1100-9233(2002)013[0079:DODSWS]2.0.CO;2
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0195
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0195
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0195
https://doi.org/10.2307/1931497
https://doi.org/10.2307/1931497
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0215
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0215
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0215
https://doi.org/10.2307/2963459
https://doi.org/10.2307/2963459
https://doi.org/10.1002/fedr.19931040323
https://doi.org/10.1002/fedr.19931040323
https://doi.org/10.2307/2259307
https://doi.org/10.2307/2259307
https://doi.org/10.4141/cjps92-166
https://doi.org/10.4141/cjps92-166
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0265
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0265
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0265
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0265
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0270
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0270
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0270
https://doi.org/10.1111/j.1365-3180.1995.tb01643.x
https://doi.org/10.1111/j.1365-3180.1995.tb01643.x
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0285
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0285
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0285
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0290
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0290
https://doi.org/10.4141/cjss94-051
https://doi.org/10.1007/s10310-012-0344-3
https://doi.org/10.1614/WT-D-12-00109.1
https://doi.org/10.1614/WT-D-12-00109.1
https://doi.org/10.2134/agronj1970.00021962006200020032x
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0345
http://refhub.elsevier.com/S1319-562X(21)00449-6/h0345
https://doi.org/10.1214/aoms/1177732503
https://doi.org/10.1214/aoms/1177732503
https://doi.org/10.2307/1934352
https://doi.org/10.1007/bf00141295
https://doi.org/10.2136/sssaj2004.0010
https://doi.org/10.2136/sssaj2004.0010


ALAA M.M.A. Mahgoub Saudi Journal of Biological Sciences 28 (2021) 5593–5608
Hoveizeh, H., 1997. Study of the vegetation cover and ecological characteristics in
saline habitats of Hoor Shadegan. J. Res. Const. 34: 27-31. Retrieved from.
https://ascelibrary.org/journal/jcemd4.

Hussain, F., Mobeen, F., Kil, B.S., et al., 1997. Allelopathic suppression of wheat and
mustard by Rumex dentatus ssp. Klotzschianus. J. Plant Biol. 40, 120–124. https://
doi.org/10.1007/BF03030244.

Hutchinson, I., Colosi, J., Lewin, R.A., 1984. The biology of Canadian weeds. 63.
Sonchus asper (L.) Hill and S. oleraceus L. Can. J. Plant Sci. 64 (3), 731–744.
https://doi.org/10.4141/cjps84-100.

Jaccard, P., 1901. Étude comparative de la distribution florale dans une portion des
Alpes et des Jura. Bulletin de la Société vaudoise des sciences naturelles 37,
547–579. https://doi.org/10.5169/seals-266450.

Jaccard, P., 1912. The Distribution of the flora in the alpine zone. New Phytol. 11 (2),
37–50. https://doi.org/10.1111/j.1469-8137.1912.tb05611.x.

Jackson, M.L., 1962. Soil Chemical Analysis. London: Constable Ltd. https://doi.org/
10.1002/jpln.19590850311.

Jornsgard, B., Rasmussen, K., Hill, J., et al., 1996. Influence of nitrogen on
competition between cereals and their natursil weed populations. Weed
Research 36(6): 461-470. Retrieved from. https://onlinelibrary.wiley.com/.

Kolar, C.S., Lodge, D.M., 2001. Progress in invasion biology: predicting invaders.
Trends Ecol. Evol. 16 (4), 199–204. https://doi.org/10.1016/s0169-5347(01)
02101-2.

Koleff, P., Gaston, K.J., Lennon, J.J., 2003. Measuring beta diversity for presence-
absence data. J. Anim. Ecol. 72, 367–382. https://doi.org/10.1046/j.1365-
2656.2003.00710.x.

Köppen, W., 1936. Das geographisca System der Klimate, in: Handbuch der
Klimatologie, edited by: Köppen, W. and Geiger, G.C., Borntraeger, 1–44.
Retrieved from. https://ascelibrary.org/..

Korres, N.E., 2018. Agronomic Weed Control: A Trustworthy Approach for
Sustainable Weed Management, in Non-Chemical Weed Control: 97-114,
Elsevier. https://doi.org/10.1016/B978-0-12-809881-3.00006-1.

Krishnamoorthy, K., Meesook, L., 2013. Improved tests for the equality of normal
coefficients of variation. Comput. Statistics 29 (1–2), 215–232. https://doi.org/
10.1007/s00180-013-0445-2.

Lande, R., 1996. Statistics and partitioning of species diversity, and similarity among
multiple communities. Oikos 1 (1), 5–13. https://doi.org/10.2307/3545743.

Lane, D.R., Coffin, D.P., Lauenroth, W.K., 1998. Effects of soil texture and
precipitation on above-ground net primary productivity and vegetation
structure across the Central Grassland region of the United States. J. Veg. Sci.
9, 239–250. https://doi.org/10.2307/3237123.
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