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ABSTRACT

The cashew orchards development and productivity faces several constraints, which include weeds. This study aims to
assess the degree of infestation of weeds in cashew orchards by monitoring their density, richness and diversity in 108
cashew orchards in four regions of Céte d’Ivoire. In each plot of the 100 m2 of each of the cashew orchards selected, weeds
were identified and the individuals of herbaceous species were collected and counted whereas the trees and shrubs were
counted without being up rooted. There were 295 weeds species belonging to 194 genera and 58 families of angiosperms.
Regional data revealed 101 species and 50629 individuals in the Bounkani, 165 species and 70618 individuals in the
Kabadougou, 156 species and 13597 individuals in the Gontougo and 164 species and 196257 individuals in Marahoué. A
high negative relation was found between the orchards’ age and the weeds infestation level in the cashew orchards.
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INTRODUCTION

Weeds have always been a major concern (Ipou
2005). Farmers maintain certain useful species for
food, medicine, religious ceremonies, soil
improvement (Ruthenberg 1976, Gliessman 1988) in
association with the main crop in traditional
agroecosystems (Altieri 1987; Konaté et al. 2021).
Cashew is a tropical cash crop whose production in
Africa increased very quickly during the current
century (Bassett 2017, Firca 2018). C6te d’lvoire
became the leading African producer and exporter of
raw cashew nuts (Diop 2016, Minagri 2016, Piperno
2011) with an estimated production of over 738,000
tons of raw cashew nuts in 2018 (Firca 2018).
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However, cashew nut yields in lvorian orchards
remain low, ranging from 350 to 500 kg/ha (Djaha et
al. 2010), due to the climatic hazards, the agricultural
techniques and the biotic factors (Link et al. 1984,
Viana et al. 2007). Among these biotic factors, weeds
are often cited to have a major impact on crop
production and therefore cause a considerable
decrease in yields (Mbaye 2013, Bassene et al. 2012,
Noba 2002). This study aims to assess the weed
flora, the floristic diversity and the degree of
infestation of weeds in four cashew producing
regions in Cote d’lvoire.

MATERIALS AND METHODS

All the weeds including the herbaceous species,
the woody species and the climbing species were
inventoried in the cashew orchards. During this study
which was carried out in the four regions known as
of the highest prevalence of cashew diseases (Soro et
al. 2017) and pests’ attacks (N’Dépo et al. 2017) in
Céte d’lvoire (Figure 1). The monitoring was done
during the raining season (July to October 2020)
when all the weeds especially herbaceous species
were alive and could be easily identified botanically.

The Kabadougou and Bounkani regions are
characterized by a Sudanese climate with an average
temperature of 30 °C with a Sudanian savannah
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vegetation (Monnier 1983). The annual rainfall of
these regions ranged from 800 to 1 200 mm (Krogba
et al. 2016). The Gontougo and Marahoué regions are
in a forest-savannah mosaic vegetation (Monnier
1983) where the climatic regime was similar to the
Guinean zone with an average annual rainfall between
1 200 and 1 500 mm; the annual average temperature
is about 28.4 ° C (Krogha et al. 2016).

The survey was carried out in 108 cashew
farms of age ranging from 5 to 48 years
encompassing three villages in each region of
Bounkani and Gontougo, and six villages in each
region of Kabadougou and Marahoué (Table 1). Six
cashew orchards were selected per village. Data was
collected from 100 m? plot of 10 m x 10 m area.
Weeds were recorded and assessed in 108 plots
visited, i.e. one plot of 100 m? in each of the orchard.
The herbaceous species that could have very high
local densities and or be omitted when there are too
short and rare, individuals were uprooted before
being counted following methodology of Rew et al.
(2000). But, the shrubs and trees individuals in plots
except those of the cashew were counted without
being uprooted. The observations were collected
under three cashew tree crown configurations
(Konaté et al. 2020).

The taxa were named in the field following
methodology of Akobundu and Agyakwa (1989),
Bourgeois and Merlier (1995), Arbonnier (2009)
whereas the adopted nomenclature was the
phylogenetic classification of APG (1998, 2003,
2009, 2016).

The floristical parameters were mainly the
species richness (R), Simpson’s diversity index (D),
Shannon’s diversity index (H), Piélou’s equitability
index (E) and Hill’s equitability index (Na).

Simpson index (D) was calculated (Simpson
1949) by the following formula:

Equalion 1

where ni = number of individuals/species and N
= total number of individuals / survey; D varies from
0, for minimum diversity of taxa, to 1, for maximum
diversity of taxa.

Shannon Index (H) was calculated according to
Shannon (1948) as follows:

H = -Yi (%) log, (%)‘ Equation 2

where ni = number of individuals/species and N
= total number of individuals / survey; H’ usually
varies from 0, for dissimilar distribution of taxa, to
log,S, for similar distribution of all taxa.

Piélou equitability index (J”) was calculated
according to Pielou (1966) as follows:

I' = H'/log,H'max |Equation 3

where H’ = Shannon index and H’max =
maximum diversity index. J* varies from 0, when the
taxa show different abundances, to 1 when all taxa
have the same abundance in the stand.

Hill’s index was calculated according to Hill
(1973) through the formula:

Hill = ( (1 _)2) x 1/e™'l [Equation 4
-

AV

where ni = number of individuals / species, N =
total number of individuals/survey and H’ = Shannon
index. Hill varies from 1, for taxa single taxa stand, to
“, for many taxa stand.

Density is always defined as the average of a
taxa individuals’ number on the sampled total area
(Massenet 2010) and is expressed by the following
formula:

IDensity = N/S lEquation 5

with N = total number of individuals surveyed
and S = total sampled area. The degree of infestation
of the orchards by weeds was expressed according
to the weeds density value to which this degree is
positively correlated.

RESULTS AND DISCUSSION

A total of 295 species belonging to 194 genera
and 58 families were recorded in 180 orchards. The
dicotyledonous angiosperms were predominant
(82%) than the monocotyledonous angiosperms
(18%) (Table 1). The predominant families, to which
recorded weeds belong, were Fabaceae (21%),
Poaceae (10%), Rubiaceae (8%), Malvaceae (7%),
Asteraceae (6%), Cyperaceae, Lamiaceae and
Moraceae (4% each).

The total number of weeds species (weeds
richness) recorded in each of the region was 101
species in Bounkani, 156 species / in Gontougo, 165
species in Kabadougou and 164 species in Marahoué.
The majority (78-82%) of recorded species were
dicots and 18-22% of them were monocots (Table 1).

The distribution of weeds’ taxa varied amongst
the regions and the cashew’s crown types. Indeed, in
Boukani region, weeds showed higher diversity and
lower equitability under the juxtaposed cashew
crown, and lower diversity and higher equitability
under the separated cashew crown (Table 2). In
Gontougo region, weeds showed higher diversity and
lower equitability under the separated cashew crown,
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Figure 1. Map showing the studied regions in Cote d’lvoire

Table 1. Weeds richness according to the regions

Total
. Plots  number of .
Regions number weed species Dicots ~ Monocots
recorded
Bounkani 18 101 79 (78%) 22 (22%)
Gontougo 18 156 124 (79%) 32 (21%)
Kabadougou 36 164 135 (82%) 29 (18%)
Marahoué 36 165 134 (81%) 31 (19%)
Total 108 295 242 (82%) 53 (18%)

Values in (%) express the proportion of Angiosperm classes
recorded by region

lower diversity under the closed cashew crown and
higher equitability under the juxtaposed cashew
crown (Table 2). In Kabadougou region, weeds
showed higher diversity and lower equitability under
the separated cashew crown, and lower diversity and
higher equitability under the closed cashew crown
(Table 2). In Marahoué region, weeds showed both
higher diversity and equitability under the juxtaposed

cashew crown, and both lower diversity and
equitability under the separated cashew crown (Table
2). The overall highest weeds diversity was found
under the juxtaposed cashew crown in Boukani
region with 0.87 Simpson index, 1.06 Shannon-
Weaver index and 53.13 Hill index while the lowest
diversity was recorded under both separated cashew
crown in Boukani region with 0.33 Simpson index,
1.46 Shannon-Weaver index and 10.26 Hill index, and
closed cashew crown in Kabadougou region with
0.32 Simpson index, 1.46 Shannon-Weaver index and
10.13 Hill index (Table 2). The overall weeds’ highest
equitability was found under the juxtaposed cashew
crown in Gontougo region with 0.62 Pielou index
while the lowest equitability was experienced under
the juxtaposed cashew crown in Boukani region with
0.31 Pielou index (Table 2).

The weeds flora of studied four regions is
representative of the weeds national flora in cashew
orchards of Cote d’lvoire. It represents 67% of
species, 70% of genera and 76% of families found in
261 cashew orchards spread in the production basin
of cashew in Coéte d’Ivoire (Konaté et al. 2020).
However, it accounts for 54% of species, 58% of
genera and 69% of families of the known cashew
orchards weeds flora in the production basin of
cashew in Cote d’lvoire (Konaté 2021). It is far
richer than the usual cashew orchards weeds flora in
Cote d’lvoire with 40,4% of species, 30,3% of
genera and 17,6% of families (Konaté et al. 2021).

The highest value of dicotyledonous
angiosperms and the predomination of Fabaceae
family in the cashew orchards’ floristic composition

Table 2. Variation in weeds’ diversity indices in four study regions and under three cashew crown types

Study region

Diversity indices

Separated crowns**

Juxtaposed crowns***

Closed crowns****

Mini*  Max Mean Mini Max Mean mini Max Mean

Simpson 017 069 033 017 087 087 009 065 045
Shannon-Weaver 0.44 1.77 1.46 1.18 2.40 1.06 0.30 1.65 1.16

BOUNKANI pielou 033 074 046 013 0.6 031 010 049 035
Hill 152 1708 1026 175 8286 5313 148 1501  6.12

Simpson 079 086 081 067 084 076 054 08 070
Shannon-Weaver 1.01 1.42 1.36 1.49 2.28 1.90 239 250 2.90

GONTOUGO 5oy 043 071 039 046 076 062 043 079 058
Hill 35.03 5678 4955 1424 5255 3490 1342 5595  32.00

Simpson 026 081 058 020 085 042 048 054 032
Shannon-Weaver 0.71 1.94 1.35 0.51 2.09 1.03 094 1.72 1.46
KABADOUGOU o010, 024 063 033 017 066 047 036 058 049
Hill 276 6156 650 112 6346 239 492 620 1013

Simpson 052 081 037 003 073 055 034 063 049
Shannon-Weaver 0.27 1.91 1.01 0.09 1.59 1.14 0.78 1.28 1.26

MARAHOUE  pielou 026 064 033 003 057 0.40 024 045  0.36
Hill 121 3605 357 112 2094 1237 328 19.68 7.1

*Mini: minimum, max: maximum indices

" values; **Separate crowns: Cashew trees never touch each other; ***Juxtaposed crowns: All
the cashew trees barely touch each other. all barely touch each other; ****Closed crowns: All the cashew trees overlap each other.
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showed that these biotopes harbour a different flora
in comparison to the local natural ecosystem which a
Sudanian savannah or a Guinean savannah (Monnier
1983). Indeed, these savannahs were defined as a
plant formation dominated by the Poaceae family
(Trochain 1957). The higher weeds richness in
Gontougo orchards than in Boukani orchards and the
same weeds richness in both Kabadougou and
Marahoué orchards, could be attributed to their
savannah type and similar total plot area. In fact, the
Guinean savannah in Gontougo region is naturally
richer than Sudanian savannah in Boukani region due
to the coexistence of wetter savannah and some
islands of rainforests in Guinean savannah area while
the Sudanian savannah is a mix of drier savannah and
some islands of drier forests (Kouamé et al. 2021a,
2021b). This savannah type impact on the orchards’
weed richness was more sighting in smaller total plot
area of Boukani and Gontougo than in larger total plot
area of Kabadougou and Marahoué.

The variation of the weeds’ diversity according
to both the region and the cashew crowns types
could be attributed to the local farming practices. In
all regions, cashew trees were planted at densities that
varied from a farm to another and the clearing
practices also vary from a farmer to another (Konaté
et al. 2020, Konaté 2021, Ky 2021). And the variation
in weed diversity according the cashew crowns type
could be explained by the difference in the light
availability for weeds under these crowns. Pioneer
weeds that support full light intensity live and prosper
under cashew separated crowns as in many crops
lands like cotton (Aman et al. 2004, Ipou 2005), rice
(Kouamé et al. 2011, Konan et al. 2014, Touré 2014),
pineapple (Mangara et al. 2010) and sugarcane
(Traoré et al. 2019). Non-pioneer weeds hide under
the cashew closed crowns like in some other crops
lands such as rubber and cocoa (Kouamé and Koné
2021) while non-pioneer light-demanding weeds live
as well under the cashew juxtaposed crowns as in
some other crops like banana (Tano et al. 2016) and

Table 3. Total densities of the most invasive weeds in orchards by region

Total weed density (number/100 m2)

Taxa Famillies Bounkani Gontougo Kabadougou Marahoue
Ageratum conyzoides L. Asteraceae 102 614 6653 74070
Loudetia arundinacea (A. Rich) Hochst. Poaceae 342 310 6276 6319
Mitracarpus scaber Urb. Rubiaceae 17 35 24 1675
Croton hirtus L'Hér. Euphorbiaceae 13914 439 2731 15221
Setaria barbata (Lam.) Kunth Poaceae 6100 288 555 1201
Euphorbia heterophylla L. Euphorbiaceae 27 501 429 24545
Desmodium triflorum (DC) L. Fabaceae 3917 265 47 745
Z'Jilégll;nxir:%ngulare Portulacaceae 234 356 46 4372
Imperata cylindrica (L.) Raeusch. Poaceae 4912 74 9291 1016
Panicum brevifolium L. Poaceae 816 45 172 4633
Indigofera hirsuta L. Fabaceae 3 5 1232 345
Panicum laxum Sw Poaceae 6356 1021 416 30
Phyllanthus amarus Schumach. Phyllanthaceae 144 15 267 4069
Commelina diffusa Burm.f Commelinaceae 14 4 45 5106
Synedrella nodiflora (L.) Gaertn. Asteraceae 467 170 663 3814
Pouzolzia guineensis Benth. Urticaceae 4 162 4 8704
Adenostemma perrottetii DC Asteraceae 83 12 6276 2
Oplismenus burmannii (Retz.) P.Beauv Poaceae 76 4945 1611 1610
Laportea aestuans (L.) Chew Urticaceae 4 7 5 4888
Brachiaria lata (Schumach.) Poaceae 6 2 1933 785
Pennisetum polystachion (L.) Schult Poaceae 543 1 7159 5
Sida rhombifolia L. Malvaceae 16 5 4074 3
Croton lobatus L. Euphorbiaceae 10 2 1 2384
Hyptis suaveolens (L.) Poit Lamiaceae 5103 3 3642 12
Mitracarpus villosus (Sw.) DC. Rubiaceae 5074 3 100 45
Indigofera dendroides Jacq. Fabaceae 2101 2 17 23
Spermacoce stachydea DC. Rubiaceae 30 5 204 8829
Spigelia anthelmia L. Loganiaceae 54 11 73 3440
Fimbristylis ferruginea (L.) Vahl Cyperaceae 148 2 25 1234
Setaria pumila (Poir.) Roem. Poaceae 342 3 5403 34
Aerva lanata (L.) Juss. Amaranthaceae 3 1 3 534
Tridax procumbens L. Asteraceae 745 10 276 3410
Paspalum conjugatum P.J.Bergius Poaceae 77 6 1232 97
Justicia flava Forssk.) Vahl Acanthaceae 12 2 1 1451
Cyperus rotundus L. Cyperaceae 342 7 727 12
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palm oil (Traoré et al. 2010). The dominance of the
weeds depends on the cultural practices (Barralis et
al. 1996) but also on the soil weed seedbank and the
regrowth (Kouamé and Koné 2021).

Weeds density

The total weeds assessed in this study was
about 333’377./10°800m2 cashew orchards whereas
the regional total density was respectively 50’629./
1800m?2 in Bounkani, 13’597./1800m?2 in Gontougo,
70’618/3600m? in Kabadougou, and 196°257/3600m?
in Marahoué.

Weeds with a total density higher than 100/100
m?2 in at least three regions belonged to the families
Asteraceae (3 species), Poaceaes (6 species),
Euphorbiaceae (2 species), and Fabaceae,
Portulacaceae, Phyllanthaceae (1 species each)
(Table 3). The less abundant species in the Boundani,
Gontougo and Marahous regions are: Mitracarpus
scaber, Commelina diffusa, Laportea aestuans,
Croton lobatus, Croton lobatus, Aerva lanata and
Justicia flava (Table 3). Of the four regions,
Marahoué is the most weedy. Species such as
Ageratum conyzoides, Loudetia arundinacea, Croton
hirtus, Euphorbia heterophylla, Panicum
brevifolium, Phyllanthus amarus, Commelina
diffusa, Pouzolzia guineensis, Laportea aestuans and
Spermacoce stachydea are abundant with more than
4000 individuals in the Marahoué plots while in the
Gontaougo region they are less abundant with 100
individuals in the plots (Table 3). Weed density
decreased with increasing orchard age (Figure 2).

The higher total weed density in the Bounkani
region compared to the Gontougo region and those in
the Marahoué region compared to the Kabadougou
region, showed the absence of a link between local
weed richness and local weed density in cashew
orchards. Weed density depends mainly on their own
ability to compete for nutrient resources (Delissio and
Primack, 2003), spatial occupancy (Boyden et al.
2005; Brimelis et al. 2009) and available sunlight
(Poorter 2001, Baraloto 2003, Yedmel 2014) in the
orchards.

A strong negative impact was found between
orchard age and weed infestation level in cashew
orchards (Figure 2). The impact of age on weed
density found in this study is a combination of spatial
occupancy and sunlight availability under cashew tree
crowns. Indeed, these ecological parameters
decrease from young to older cashew orchards. In
this sense, Fenni (2003) and Traoré et al. (2019)
evoked a progressive or regressive evolution of weed

48

36

Age of orchard (years)

0 3000 6000 9000 12000 15000 18000

Plot density (number/100m?)

Figure 2. Evolution of weed density in the cashew
orchards according to the orchards’ age

density through a series of successive stages in
cultivated lands during their evolution and according
to the capacity of the weeds to withstand or not the
light intensity.

Most often, the youngest cashew orchards were
colonised by highly invasive weeds corresponding to
weeds with a density of 4000/100m? for each taxon
and led by Ageratum conyzoides Sieber ex Steud.
Orchards with a density higher than 16°000/100 m?
are more observed in young orchards with separate
cashew tree crowns and mostly hosting few but very
invasive weed species such as A. conyzoides,
Loudetia arundinacea Hochst. ex Steud. etc.
between cashew trees. Over time, the open crowns
of these cashew orchards successively juxtapose and
close, while at the same time the density of pioneer
and invasive weeds decreases to the benefit of non-
pioneer and non-invasive weeds, which also increase
slightly.
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