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Abstract: Background: Phytosociological surveys of weeds in agricultural
regions, such as the coffee growing Cerrado Mineiro Denomination, are
essential for understanding the predominant species in a cultivation area.
Objective: This study aimed to determine the predominant weed species
in coffee crops in Cerrado Mineiro through phytosociological surveys
during two periods of the year.

Methods: 26 coffee farms in 12 municipalities within the Cerrado Mineiro
Denomination of Origin of were visited. The inventory square method was
used for the phytosociological surveys. In each area, 40 m?was evaluated
and divided into two study periods (summer and winter). Calculations
of the variables were performed using the following data: frequency,
density, abundance, importance value index, similarity coefficient,

rarefaction curve, Shannon index, and hierarchical grouping analysis using
Jaccard’s similarity.

Results: In the summer (rainy period), 54 species from 16 families were
found, with Poaceae, Asteraceae, and Amaranthaceae predominating. In
winter (dry season), 56 species from 16 families were found, predominantly
Asteraceae, Poaceae, and Brassicaceae. There was a predominance of 17
and 16 species, with similarity levels (Jaccard) of 45.58% and 40.78% for
summer and winter, respectively.

Conclusions: The weed community in the Cerrado Mineiro coffee
plantation is dominated by two main families, Poacaeae and Asteraceae,
with Eleusine indica (summer) and Conyza spp. (winter) being the species

with the highest importance values.
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1. Introduction

Minas Gerais is the main coffee-producing state in Brazil, representing 59% of
the national production (Companhia Nacional de Abastecimento, 2022). The state
has four main production regions: Cerrado Mineiro, Mantiqueira de Minas, Matas de
Minas, and Sul de Minas. The Cerrado Mineiro Denomination of Origin (D.O.) region
is highly relevant in coffee farming because it is characterized as a region with high
adoption of technological innovations and modern production systems (Ortega,
Jesus, 2011). Currently, the average coffee production of Cerrado Mineiro is 5 million
bags, representing 12.7% of Brazilian production and 25.4% of state production. The
average productivity of the region is 35 bags/ha, higher than the averages of the state
of Minas Gerais and Brazil at 24 and 23 bags/ha, respectively.

The presence of weeds in coffee is most critical during the flowering and fruiting
seasons from October to March, during which the coffee plant has a greater demand
for photoassimilates (Blanco et al., 1982). However, competition occurs throughout
the year, especially during the rainy season (Fialho et al., 2010). Knowledge of the
characteristics of the predominant weed population in a cultivation area through
phytosociological survey identifies the predominant species in the area and assists in
decision making for the choice of the most appropriate control method. This study of
weed community composition in strategic regions for agricultural activity is relevant
for assessing the impact of climatic variables and management systems, such as soil
preparation, planting methods, fertilization and especially the use of new herbicide
technologies (Rauber et al., 2018).

In its historical process of modernization, coffee growing in Cerrado Mineiro has
resulted in the use of spacing to facilitate machine traffic, which creates ideal conditions
for the growth and establishment of weed species. Despite the popularization of
the planting of cover crops, mainly Urochloa decumbens or Urochloa ruziziensis and
leguminous species, herbicides and mechanical control are the main control methods
used. This has led to an increase in the infestation of difficult-to-control weeds, such as
the climbing species of the Ipomoea genus, the Poaceae Digitaria insularis and Eleusine
indica, and autumn-winter species, such as Conyza spp.
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Consumers are increasingly demanding products
from sustainable production systems. For this purpose,
identifying the main weed species and their characteristics
is the first step in obtaining efficient control with less
environmental impact. Thus, this study aimed to identify
the predominant weed species in coffee culture in the
Cerrado Mineiro region through a phytosociological survey

during summer and winter.

2. Material and Methods

The present study was conducted in two periods:
summer and winter. The summer surveys were conducted
in January to March 2018. The winter surveys were
conducted exclusively in August 2018. In total, 26 coffee
farms in 12 municipalities within the Cerrado Mineiro were
visited (Figure 1). The criteria for selecting the areas was
based on the choice of the main producing municipalities
and representative area within the Cerrado Mineiro region.
Among the evaluated areas, 42% had altitudes of 800 to
1,000 m, 50% of 1,000 to 1,200 m, and 8% of 1,200 to 1,400
m. The 26 areas and their respective geographic coordinates
are listed in Table 1.

The climate of the region, according to the Képpen-
Geiger classification, is tropical savanna with a dry season
in winter (Aw) (Reboita et al., 2015). The climatological
data in the period from 2010 to 2019, from the automatic
stations of the National Institute of Meteorology (INMET)
- Ministry of Agriculture, Livestock and Supply (MAPA),
located in Araxa-MG (19°60°56. 96 “S and 46°94'96.17 “W
— altitude of 1018 meters), Uberlandia (18°91°70.72 “S and
48°25’56.5717 “W - altitude of 875 meters) and Patrocinio-
MG (18°59'48.04 “S and 46°59°09.57 “W - altitude of 978
meters are presented in Figure 1.

The inventory square method was used for the
phytosociological survey. In each area, 40 m? was evaluated
divided into two periods (summer and winter). Empty steel
squares with a known area (1 m®) were randomly placed,
covering plots with coffee trees in the early and adult stages
according to the methodology of Santos et al. (2004). The
weeds in the 1 m® space were identified and quantified
according to Angiosperm Phylogeny Group (2022). The
plots were georeferenced so that they could be sampled in
the summer and winter periods.

The following phytosociological variables
calculated using the survey data: frequency, density,
abundance, and their relative derivations, that is,
the variable in question for each species in relation to
the total variable observed in the study area. For the
calculation of these variables, the following formulas
were used according to Mueller-Dombois and Ellenberg
(1974): density (DE) = total number of individuals of the
species/number of total frames; relative density (DR) =
density of the species x 100/total density; frequency (FE)
= number of frames containing the species/number of
total frames; relative frequency (FR) = frequency of the

were
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species x 100/total frequency; abundance (AB) = total
number of individuals of the species/number of frames of
the species; relative abundance (RA) = abundance of the
species x 100/total abundance, and the importance value
index (IVI) = FR + DR + RA. Thus, the frequency (FRE)
determines the distribution of species present in the
area, density (DEN) represents the number of plants per
species per unit area, abundance (ABU) determines the
concentration of species in the area, and the importance
value index (IVI) indicates the most important species
observed during the survey.

Due to the variability in the number of species found
and the need to create parameters to facilitate weed
management in coffee growing in the Cerrado Mineiro,
we sought to conduct biological diversity analyses.
Therefore, the similarity coefficient was determined, which
determines the similarity of botanical populations in
two or more areas studied, in the two evaluation periods
(summer and winter), The similarity of the two evaluation
periods (summer and winter) and the analysis of species
richness estimators were performed using rarefaction
curves (Colwell, Coddington, 1994 and Gotelli, Colwell,
2001), Shannon index (H) (Pielou’s equation) (Hill, 1973;
Pielou, 1966) and hierarchical grouping analysis (cluster)
(Borcard et al., 2011). The Vegan and BiodiversityR packages
of the R software were used to calculate these variables, in
which, the number of individuals of each species observed
in the 26 properties was used.

Jaccard’s similarity coefficient (SJ) was also calculated
and indicated the proportion of shared species between
the sampled properties in relation to the total number of
species, that is, the level of similarity between two or more
biological communities. To determine the similarity index
and create the cluster, we used the abundance data of the
main species of the survey; however, due to variation,
the data were subjected to logarithmic transformation —
log(X+1).

S
Shannon index-Weaver (H) = z p,log, p.
i=1

Where, “pi”is the proportion of species “”, “S” is the

number of species, and “b” is the base of the logarithm.
Jaccard similarity coefficient (Sj) = — ¢ 4100

a+b-c

Where “a” is the number of common species found on
the properties; “b” being the total number of species found
on property B but not on property A and “c” as the total
number of species found on the property A but not on B.

3. Results and Discussion

The areas assessed in the summer and winter periods
were 1,040 m? and 520 m?, respectively. In the summer,
15,009 plants were counted and categorized into 54

https://doi.org/10.51694/AdvWeedSci/2022;40:00013
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Figure 1 - (A) Location of the 26 areas where the phytosociological survey was conducted in two seasons (summer and winter),
in the Cerrado Mineiro Region and (B) Climatic data of precipitation (mm) and average maximum and minimum temperature (°C)
referring to the period 20710 to 2013, of the municipalities of Araxd-MG, Uberlandia- MG and Patrocinio-MG
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Table 1 - Names of the 26 areas and their respective
geographic coordinates

Areas name Geographic coordinates

1. Congonhas 47°02'09" W and 18°55'51.2" S

2. Semente 47°03'08" W and 18°59'41" S

3. Rainha da Paz 47°0153" W and 19°0111" S

47°02'09.34" W and 18°5112.04" S

47°22'34.8" W and 18°50'37" S

47°59'512" W and 18°39'24.5" S
46°43'52.4" W and 19°24'39.2" S
46°02'49.5" W and 18°24'58.6" S
46°5913.8" W and 19°14'06.4" S

47°57'48.2" W and 18°52'34.2" S

4. Freitas

S. Rural Montes
6. Bom Jardim
7. Santa Maria
8. Sao Joao

9. Duas Pontes

10. José Humberto

11. Fucamp 47°29'481" W and 18°45'03.7" S
12. CEPC 46°5912.30" W and 18°58'25.33" S
13. Londrina 47°22'37" W and 18°56'09" S

47°27'361" W and 18°54'47" S
46°18'21.8" W and 19°27'29.6" S

14. Castelhana
15. Quilombo
16. Amizade 46°18'18.6" W and 19°39'09.2" S
17. Eleven Thousand Virgins 46°30121" W and 19°15'216" S
46°13'29.7" W and 19°02'07.9" S
46°14'531" W and 19°04'084" S
46°18'33.7" W and 18°32'28.4" S
46°54'07.2" W and 18°35'251" S
46°10"18.8" W and 19°44'41.6" S
46°16'08" W and 19°39'29.0" S
46°50'50.6" W and 18°39'06.8" S
46°50'49.4" W and 18°56'24.3" S

46°4112.2" W and 19°54'436" S

18. S&o Lourengo

19. Cruzeiro

20. Santiago

21. Rio Brilhante

22. Boa Sorte

23. Espigao do Palmital
24. Lajes

25. Recanto

26. S&o Francisco

species and 16 families, with an average density of 28.86
plants/m?. In descending order, the families with the
highest number of counted individuals were: Poaceae,
Asteraceae, Amaranthaceae, Brassicaceae, Euphorbiaceae,
Portulacaceae, Malvaceae, Cyperaceae, Rubiaceae, Fabaceae,
Oxalidaceae, Convolvulaceae, Commelinaceae, Lamiaceae,
Phyllantaceae, and Solanaceae. Eleusine indica, belonging
to the Poaceae family, was the species with the highest
number of individuals (1,849), density (12.32), and relative
frequency (10.37). The highest relative abundance (8.24)
was observed in Tridax procumbens.

In winter, 9,577 individuals were counted, categorized
into 56 species and 16 families, with an average density of
18.42 plants/m?. The weed families observed in these periods
differed from those observed in the summer with respect
to the presence and number of individuals. In descending
order, the families observed were: Asteraceae, Poaceae,

Adv Weed Sci. 2022;40:e020220029
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Brassicaceae, Amaranthaceae, Malvaceae, Euphorbiaceae,
Rubiaceae, Lamiaceae, Solanaceae, Commelinaceae,
Convolvulaceae, Fabaceae, Boraginaceae, Oxalidaceae,
Portulacaceae, and Aizoaceae. Conyza spp. was the species
with the highest number (1,790), density (18.69), and
relative frequency (10.48). The highest relative abundance
(5.12) was observed in Acanthospermum hispidum.

In the summer evaluation, the species with the highest
IVL, in descending order, were Eleusine indica, Digitaria
horizontalis, Amaranthus spp., Bidens pilosa, Urochloa
decumbens, Galinsoga parviflora, Alternanthera tenella, and
Sida spp. In contrast, in the winter survey, the species
with the highest IVI in descending order were: Conyza
spp., Urochloa decumbens, Lepidium virginicum, Bidens
pilosa, Amaranthus spp., Eleusine indica, Sida spp., Galinsoga
parviflora, Alternanthera tenella, and Digitaria horizontalis.

For an exploratory analysis of the data (Figure 2),
we used the results of the parameter densities (DR),
frequencies (FR), and relative abundances (RA) of the
10 species with the highest IVI (Table 2) collected from
the 26 properties (individual analysis). These species
accounted for 52.47% and 54.71% of the IVI values during
summer and winter, respectively. The data distribution in
Figure 2 shows a summary of the species observed during
the survey, in which high variability was observed, with
discrepant values among the parameters analyzed. This
can be explained by the interaction between the inherent
biological characteristics of each species, management
practices adopted, and edaphoclimatic conditions of each
site at the time of evaluation.

In summer (Figure 2), Eleusine indica (highest IVI)
showed the highest observed DR (Table 2), with a positive
asymmetric data pattern and a mean value of 10.96%,
with most observed values between 19.64% and 7.42%
(interquartile range of 12.22%). However, in some areas,
minimum and maximum values of 0% and 29.59% were
obtained. Digitaria horizontalis obtained the second-
highest IVI and FR (Table 2) with a negative asymmetric
data pattern, with a mean value of 10.53% and most
observed values between 12.6% and 5.59% (interquartile
range 6.47%), and minimum and maximum values of 0%
and 17.59% respectively. Lipidium virginicum species with
the second-highest relative abundance (Table 2), after
individual analysis, obtained a mean of 0% and discrepant
values of 17.73% 21.33%, well above the upper limit
observed, which can be explained by the large quantity of
this species in only two areas.

In winter (Figure 3), an increase in disharmonious data
was observed, indicating that in some areas, the species
were found in large quantities, while in other areas, small
numbers or a total absence were observed. For example,
in the parameters evaluated, Conyza spp. presented
values above the maximum limit in some locations, while
in others, its presence was not detected. We can use the
relative density as a detailed example. With a mean value
of 8.06%, most values observed were between 1.82% and

https://doi.org/10.51694/AdvWeedSci/2022;40:00013
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Figure 2 - Individual analysis of the 26 areas of the parameters: Relative Abundance (RAB), Relative Density (RDE) and Relative
Frequency (RFR] for the ten main weed species during the (A) summer and (B) winter survey in the Cerrado Mineiro

26.92% (interquartile range of 25.09%), the minimum and
maximum values were 0% and 59.82%, and the extreme
values were 72.97% and 76.17%.

To detail the variability of the species surveyed in
each area, we attempted to work with biological diversity
estimators. The Cerrado Mineiro weed survey detected
variations in the number of species and individuals. To
mitigate this variation, we used the rarefaction technique

https://doi.org/10.51694/AdvWeedSci/2022;40:00013

(Figure 3), which calculates the expected number of species
and individuals in the samples analyzed, seeking to correct
the number of individuals to a standard size.

In summer, a minimum of 9 species and 220
individuals (an average density of 11.0 plants/m?) were
found in area 3, and the maximum values found were
26 species in area 16 and 1,257 individuals (an average
density of 62.85 plants/m?) in area 23 (Figure 1). When

Adv Weed Sci. 2022;40:¢020220029
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Table 2 - Weeds, their respective families, and phytosociological parameters of the summer and winter periods: Number of

Individuals (N°); Present Plots (PP), Density (DE), Relative Density (RD), Frequency (FE); Relative Frequency (RF); Abundance
(AB); Relative Abundance (RA) and Importance Value Index (IVI)

Summer/Winter Parameters

Family Species
Ne PP DE RD FE RF AB RA VI
Aizoaceae WeninE ) 0/34 0/6 000/007 000/035 000/001 000/023 000/567 000/378 000/437
portulacastrum
Amaranthacese  AVEMINENO gonaag ogp/g5  165/065 570/364 050/018 753/363 327/353 149/236  1472/958

tenella
Amaranthus spp.  1447/625 220/160 278/120 964/653 042/031 6.32/614 658/391 301/261 1897/1527

Cheg,j’j’fjfg’”’” 13 13 000/001 007003 000/001 003/072 100/100 046/067 049/081
Asteraceae AC””ZZ‘;%?”’” 111/34  14/23 021/007 074/036 003/004 040/088 793/148 363/099 477/222
Acaf;fggfdpj;’”“m 52/23 22/3  010/004 035/024 004/001 063/012 236/767 108/512 206/547
AT 79/10 22/8 015/002 053/010 004/002 063/031 359/125 164/083 280/125
conyzoides
At 0/33 0/14 000/006 000/034 000/003 000/054 000/236 000/157 000/246
artemisiifolia ’ ’ ’ ’ : ’ ’ ’ ’ ’ ’ ’ ’ )

Bidenspilosa ~ 1325/667 240/202 255/128 883/696 046/033 689/775 552/330 253/220 1825/1692
Conyza spp. 5411790 157/273 104/344 360/1869 0.30/053 451/1048 345/656 158/438 969/33.54

Eclipta prostrata 0/1 0/1 000/000 000/001 000/000 000/004 000/100 000/067 000/072
Emiiofosbergi ~ 35/37  23/22 007/007 023/039 004/004 066/084 152/168 070/112 159/235
‘ggf";;fﬁg 876/398 152/93 168/077 584/416 029/018 437/357 576/428 264/286 1284/1058
Galinsoga
oncrogets 422/0  68/0 081/000 281/000 013/000 195/000 621000 284/000 760/000
CEmEEhoEs 0/8 0/2 000/002 000/008 000/000 000/008 000/400 000/267 000/283
coarctata
H%m‘;ﬁgg’s 4/6 4/2  007/001 003/006 007/000 011/008 100/300 046/200 060/214
Melampodium
verfolotum 12/0 8/0 002/000 008/000 002/000 023/000 150/000 069/000 100/000
Parthenium
hystoropborss  T18/V8 27/ 022/033 077181 005/010 078/196 430/339 197/226 351/603
Sonchus
27/63  1/48 005/012 0718/066 002/009 032/184 245/131 112/088 162/338
oleraceus
lilerg 18/27 115  003/005 012/028 000/003 003/058 1800/180 824/120 838/206
procumbens
VETET 0/2 0/2 000/000 000/002 000/000 000/008 000/100 000/067 000/077
polyonthes 00/0 00/0; 00/0: 00/0; 00/ 00/0 00/0;
Heliotropiaceae he”oﬂﬂgsﬁpm 0/52 0/10 000/0010 000/054 000/002 000/038 000/520 000/347 000/440
Brassicaceae ng’ﬂ‘;ﬁgs 117 17  000/003 001/018 000/001 003/027 100/243 046/162 049/207
Lepidium
Virghicum 600/991 62/130 115/191 400/1035 0712/025 178/499 968/762 443/509 1021/2042
Rephanus 178/21  49/83 034/041 119/220 009/016 141/318 363/254 166/170 426/708
raphanistrum
Raphanus sativus ~ 0/13 0/9 000/003 000/014 000/002 000/035 000/144 000/096 000/145
A Commelina
Commeinaceae o PTG 23772 1146 046/074 158/075 021/009 319/177 214/157 098/104 57V356

Convolvulaceae Ipomoea spp. 282/59  134/42 054/011 188/062 026/008 385/161 210/140 096/094 669/317

Continue

Adv Weed Sci. 2022;40:e020220029 https://doi.org/10.51694/AdvWeedSci/2022;40:00013



Advances in Weed Science

Main weeds in coffee in Cerrado Mineiro

Continuation
Summer/Winter Parameters
Family Species
Ne PP DE RD FE RF AB RA VI
”C’gg’;”;g 2/0 /0  000/000 007/000 000/000 003/000 200/000 092/000 096/000
Cyperaceae Cyperus spp. S9/0 13/0 019/000 066/000 003/000 037/000 762/000 348/000 4.52/0.00
Euphorbiacese  Chamaesycehita 510/150 126/70 098/029 340/157 024/013 362/269 405/214 185/143 887/568
Euphorbia
hetoophyla  79/72 213 034/033 177180 013/006 190/118 265/555 121370  428/669
Ricinus communis /0 17/0  000/000 001000 000/000 003/000 100/000 046/000 049/000
Fabaceae PEELIGIENENE | 8/20  014/007 048/036 002/004 023/077 900/170 412/113  483/226
denticulata
DesiEsin 45/5 3/5 009/001 031005 001001 00S/018 1533/100 702/067 741/091
tortuosum
Neonotoniawightii  9/8 14 002/002 006/008 000/001 003/015 S00/200 4712/133  421/157
Sennaobtusifolia  5/8 5/6  001/002 003/008 001001 014/023 100/133 046/089 063/120
Lamiaceae Leonats 0/4 0/3 000/001 000/004 000/001 000/072 000/133 000/08S 000/105
nepetifolia
Leonurus sibiicus 1017104 17/27  019/020 067/109 003/005 049/104 594/385 272/257 388/469
il 11/0 80 002/000 007/000 002/000 023/000 138/000 063/000 0S3/000
chamaedrys
Mescsphoertims S8 ) 0/3 000/003 000/015 000/001 000/012 000/467 000/311 000/338
suaveolens
Malvaceae e 11 6/1 002/000 007/001 001/000 017/004 183/100 084/067 108/072
coromandelianum
Sido spp. 593/363 171141 114/070 395/379 033/027 491541 347/257 159/172 1045/1092
Oxalidaceae Oxdlislatifoia ~ 98/44  15/9  019/008 065/046 003/002 043/035 653/489 299/326 407/407
Phylanthacese | ”tgﬁ‘je’;,fj’;“s 74/0 20/0  014/000 049/000 004/000 057/000 370/000 169/000 276/000
pocAvenasativa  0/6 0/6 000/001 000/006 000/001 000/023 000/100 000/100 000/096
Caneints 17/15 13/ 003/003 011/016 003/002 037/042 131136 060/091 109/149
echinatus
Dgitario — 1334/309  310/103  257/063 889/344 060/020 891395 430/319 197/213 1976/952
horizontalis
Digitariainsularis ~ 68/273  32/100 013/053 045/285 006/019 092/384 213/273 097/182 234/851
Ecgggfg’m 5/1 21 001000 003/001 000/000 006/004 250/100 114/067 123/072
Eleusineindica  1849/503 361/169 356/097 1232/525 069/033 1037/649 512/298 234/199 2503/1372
Poaceae pooglfgggm’s 332/197 109/69 064/038 221/206 021/013 313/265 305/286 139/191 674/661
Panicum
_ 64/75  19/27 012/034 043/078 004/005 055/104 337/278 154/185 251/367
maximum
A Z?ﬁi;‘;m 2/0 2/0  000/000 000/002 000/000 000/008 000/100 000/067 000/077
R”y’;gg;’vys”“’” 9/58 325 002/01 008/061 001005 009/096 300/232 137155 152/3T
Setarioparvifiora  4/7 1/5  001/001 003/007 000/001 003/019 400/140 183/093 189/120
el /3 12 000/001 007003 000/000 003/008 100/150 046/100 049/171
halepense
Urochloa
decumbens/  1095/1124 271/223 211/261 730/174 052/043 779/856 404/504 185/336 1696/2366
ruziziensis
Continue
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Continuation
Summer/Winter Parameters
Family Species
N° PP DE RD FE RF AB RA VI
Urochloa
) 1/0 6/0 002/000 007/000 001/000 017/000 183/000 084/000 108/000
plantaginea
Portulaca
Portulacaceae oleracea 640/41  129/28 123/008 426/043 025/005 371107 496/146 227/098 1024/248
: Richardia
Rubiaceae brosiliensis 434/231 120/99 083/044 289/241 023/019 345/380 362/233 165/156  799/777
Nicandra
Solanaceae ; 33/2 12/2 006/000 022/002 002/000 034/008 275/100 126/067 182/077
physaloides
Physalis angulata 1/20 113 000/004 001/021 000/003 003/050 100/154 046/103 049/173
SR 84/95  40/50 016/018 056/099 008/010 1154192 210/190 086/127 267/418
americanum
Solanum
i 1/0 1/0 000/000 001/000 000/000 003/000 100/000 046/000 049/0.00
grandiflorum
A
{ 13
3
(&)
&
wn
T T T T T
400 600 800 1000 1200
Sample Size
B
3
(&)
&
wn

0 200 400 600 800 1000

Sample Size

Figure 3 - Rarefaction curve showing the number of species andindividuals observed in the 26 properties during the phytosociological
survey in (A) summer and (B) winter
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applying the correction of the rarefaction method, that
is, equalizing the 26 properties into the same number
of individuals, the average number of species that
predominated during this period was 17. However, when
applying the Shannon-Weaver index, it was observed
that the average was 2.28, with maximum diversity of
weed species obtained in area 12 (2.73) and minimum
diversity in area 5 (1.51). When matching the abundance
of species through Pielou’s equability, the average
diversity was 0.77, with the highest diversity found in
area 14 (0.90) and the lowest in area 5 (0.59).

Precipitation and temperature indices are lower in
winter. This limit the growth and development of weeds,
and lower biological diversity parameters were observed
compared to the summer period. Thus, it was observed
that areas 25 and 5 presented minimum numbers of
species (9) and individuals (186, with an average density
of 9.3 plants/m?), respectively, while areas 19 and 16
presented 23 species and 977 individuals (an average
density of 48.85 plants/m?), respectively. The average
number of species obtained using the rarefaction method
was 16. The average Shannon-Weaver index for the period
was 2.02, with maximum diversity obtained in area 17
(2.56) and minimum in area 1 (1.10).

The areas visited had different and shared points
concerning the number and abundance of weed species.
Weed abundance data were used, and Jaccard’s similarity
index was applied. The similarity level reached 45.58% in
summer, and 40.78% in the winter. According to Mueller-
Dombois and Ellenberg (1974), two or more sites are
considered similar when Jaccard’s index is equal to or
greater than 25.00%. A hierarchical cluster analysis was
performed to facilitate understanding of the similarity
level (Figure 4). In the summer cluster (Figure 4), the areas
were separated into three main groups: the first group was
formed by areas 1, 2, 3, 6, 8, 4, and 7; the second group by
area 5; and the third group by areas 10, 9, 11, 22, 24, 20, 21,
18,19, 25, 23, 25,16,15,17,13,12, and 14.

In winter, four clusters were formed: the first group
was formed by areas 11, 9, and 10; the second group was
formed by areas 14, 15, 12, 13, 26, 23, 24, 18, 19, 21, 20,
22,17, and 25; and the third group was formed by areas 3,
1, 2,5, 4,7, 6, and 8. The two clusters where the altitude
range between 1,000-1,200 m showed a higher similarity
index than the other ranges. In contrast, the dissimilarity
observed in properties 1-11, some with certain proximity
(Figure 1), is influenced by forms of weed management
(mainly chemicals with a high selection factor for
resistant species).

The intensity of damage caused by weeds is influenced
by the competitive potential of the plants (Silva et al.,
2018). The predominance of species in the Poaceae and
Asteraceae families in the evaluations can be explained
by the interactions between climatic conditions and the
characteristics related to the biology of the plants. This
includes the capacity for ecological dominance, high

https://doi.org/10.51694/AdvWeedSci/2022;40:00013
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production of propagules, ease of dispersal, and tolerance
to defoliation (Linder et al., 2018). Similar results
were reported by Maciel et al. (2010), who conducted a
phytosociological survey of weeds in organic coffee plants
in the municipality of Gar¢a-SP.

In the evaluations of both periods, except for the
rankings, there was a difference between the two species
with the highest IVIs, with Portulaca oleraceae in summer
and Conyza spp. in winter. However, Alternanthera tenella,
Amaranthus spp., Bidens pilosa, Galinsoga parviflora,
Lepidium virginicum, Sida spp., Eleusine indica, Digitaria
hozizontalis, and Urochloa decumbens were the most
important weed species in both periods. According to
Tredennick et al. (2018), this dominance may be related to
the insensitivity of these species to soil moisture, such as
developing competitive strategies over evolutionary cycles
that protect them against rainfall variability.

Eleusine indica is one of the most common weeds found
in coffee plantations in Minas Gerais, and this species
showed the highest IVI in the summer evaluation. This
result corroborates that of Cardoso et al. (2017), in which
Eleusine indica and Galinsoga parviflora were the species with
the highest IVI in perennial crops. Even though the first
case of ACCase inhibitor herbicide resistance was reported
for Eleusine indica in 2003, its control was not considered
problematic. However, this situation changed after the
emergence of the first resistant biotype to glyphosate,
the most widely used herbicide in coffee farming, in 2016
(Heap, 2022).

Weeds of the genus Digitaria have a high capacity for
tillering and forming new clumps. Furthermore, they are
adept at competing for water, light, and nutrients, which
guarantees aggressive dispersal and establishment of this
genus. Santos and Cury (2011) identified Bidens pilosa,
Digitaria horizontalis, and Spermacoce latifolia as species
with the highest IVI in the second year of phytosociological
survey in coffee trees intercropped with legumes. An
example of the ability of competition was demonstrated
by Fialho et al. (2010), where, in the presence of five weed
species, including Digitaria horizontalis, young coffee trees
showed reduced nutrients in the aerial parts. Digitaria
insularis showed higher phytosociological parameters in
winter, especially in areas above 1,200 m altitude. According
to Reinert et al. (2013), although the emergence of this
plant occurs year-round, the period from February to May
is more favorable.

Urochloa decumbens or U. ruziziensis are among the
most widely used forage in the Cerrado. It has become a
popular cover crop plant in coffee cultivation in the last
two decades. However, of the 26 areas visited, only one
had this plant sown at the survey site to serve as a cover
between the rows of coffee trees. The high abundances
observed in other areas are explained by the fact that
new plantings were made in areas previously occupied
by Urochloa spp. As a perennial plant, its behavior in the
survey was analogous to that of D. insularis, i.e., it obtained
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Figure 4 - Hierarchical clustering relating the incidence of weeds in the 26 visited areas period of (A) summer and (B) winter

the highest parameters in winter, configuring itself as the
species with the second-highest IVI. To avoid competition
between species, Souza et al. (2006) recommended a strip
of 1 m on each side of the planting lines of coffee trees free
from Urochloa spp.

Of the 16 species of the Asteraceae family found
in both survey periods, Bidens pilosa, Conyza spp., and
Galinsoga parviflora stand out because, in addition to
having the highest IVIs, they are aggressive weeds that
cause agricultural losses (Shen et al., 2019). Despite being
easily found in coffee plantations, G. parviflora is not
considered problematic and satisfactory control is achieved
using broad-spectrum herbicides. In the phytosociological
survey, it was one of the most abundant species in the areas
above 1,000 m altitude in both periods.

Bidens pilosa is one of the most common weeds in annual
and perennial crops. In the survey, it was found in 24 and
25 areas in summer and winter, respectively, with similar
behavior in the three altitude ranges. At higher altitudes
during this period, it was one of the species with higher

Adv Weed Sci. 2022;40:e020220029

densities and frequencies compared to altitudes up to 1,000
m. The interference of Bidens pilosa in coffee areas was
demonstrated by Santos and Cury (2011), who identified the
species with the highest IVI in the phytosociological survey.

Conyza spp. was the species with the highest IVI in
winter, found on 23 farms, with a predominance on farms
at altitudes up to 1,000 m. The average density on these
farms was higher than the overall average for the period.
Despite being an annual winter plant (Bajwa et al., 2016),
the annual weed is found at different stages of development
throughout the year in coffee plantations. In the summer
evaluation, it was the eighth-most frequent species and the
eleventh-most frequent IVI.

Weeds of the Amaranthaceae family have C4
photosynthetic metabolism, which guarantees a competitive
advantage against coffee trees (C3) in summer. The genus
Amaranthus is commonly found between rows of coffee
trees. According to Alecrim et al. (2020), Amaranthaceae is
one of the most frequent families in coffee plants during
the rainy season.

https://doi.org/10.51694/AdvWeedSci/2022;40:00013
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Found infesting crops and pastures mainly in the Brazilian
Cerrado, Alternanthera tenella is a weed that emerges in late
summer. This explains the higher relative abundance of this
species in winter (2.36) than in summer (1.49). Dias et al.
(2008) demonstrated the predominance of fire blight in coffee
trees, in which the species presented higher densities at the
end of autumn in two years of evaluation.

Sida spp. are perennial plants that easily infest pastures.
The phytosociological survey showed a higher relative
frequency and IVI in winter. On the other hand, its
representativeness was greater in the properties located
between 800-1000 m altitude in the two periods evaluated,
being higher in the summer in this altitude range. Although
they can easily be found in coffee plantations, their
interference tends to be small, even with young coffee trees,
as demonstrated by Ronchi et al. (2007).

Lepidium virginicum was the main species in the
Brassicaceae family in the survey. Although it is a winter
plant, it was among the ten species with the highest IVIs
in both periods. In winter, it was the third-most important
and most abundant, especially for properties above 1,000
m altitude. Even as a highlight of this work, historically,
there is no information on the interference of this species
on coffee trees.

The Shannon-Wiener index was used to show the
diversity and heterogeneity of weeds through the number
and distribution of species present in the 26 areas visited.
According to Cavalcanti and Larrazdbal (2004), an index
is considered high when it is above 3; average, between 2
and 3; low, between 1 and 2; and very low, less than 1. The
average diversity found in summer (2.28) and winter (2.02)
was similar to the work of Cardoso et al. (2017) in perennial
jatropha crops and pastures at the end and beginning of
the rainy season. However, the same authors found lower
diversity values in pastures, with indexes of 1.51 and 1.40
at the end of each period, respectively.

The Pielou index refers to the uniformity of the number
of individuals of different species in a community. Low
values indicate the dominance of one or more species in
the studied community, whereas high equitability (above
0.5) means uniform distribution among species in the
sample and that, despite the complexity of the community,
individuals tend to be well distributed (Cardoso et al., 2017;
Pan et al., 2020). The summer and winter results indicate a
uniform distribution; however, unlike in the summer, two
areas (i.e., 1 and 24) had values below 0.5, which is explained
by the predominance of the Conyza spp. species, which had
IVI values of 142.14 and 148.40 for each area, respectively.
This is much higher than the average IVI (33.54) of the
species in the period.

The weed community in Cerrado Mineiro has a
predominance of species that are highly competitive and
difficult to control, alerting us to potential damage in
case of negligence in management. Chemical control in
coffee crops is mainly performed mechanically and with
with herbicides. However, the period required without
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weeds is long (October to March) and re-infestation of
weeds can easily occur. Because of the ease of application,
coffee growers often opt to use non-selective herbicides,
such as glyphosate. However, indiscriminate use of this
herbicide can select resistant weeds. The Cerrado weed
community is dominated mainly by weeds from the
Poaceae and Asteraceae families, which have reported
resistance to glyphosate in Brazil, such as Conyza spp.,
Digitaria insularis and Eleusine indica (Heap, 2022). Thus,
identifying the species present in each coffee area is the
first step in planning and deciding the control strategies,
recommending the integration of one or more methods,
and turning coffee growing, according to current precepts,
into an increasingly fair and sustainable activity.

4. Conclusions

The weed community in the Cerrado Mineiro coffee
plantation was dominated by two main families, Poaceae
and Asteraceae. Eleusine indica and Conyza spp. had the
highest IVIs in summer and winter.

The behavior of the species found in the survey revealed
high variability in the parameters analyzed. However,
similarities were observed among species found at the
sites visited.
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