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ABSTRACT: The competition caused by weeds in the cassava culture significantly reduces their productive potential and 
consequently the profitability for the producer. Thus, the objective was to determine the period prior to interference (PPI) and 
the period prior to damage to economic yield (PPDEY) of weeds in cassava varieties. The design used was randomized blocks 
in factorial 2 × 2 × 12, with four replications. The first factor was constituted by two varieties (‘Baianinha’ and ‘Clone 56-03’), the 
second factor was constituted by the conditions of coexistence (with and without) of the crop with the weeds and the third factor 
corresponded to 12 periods (0, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, and 220 days after planting - DAP). ‘Baianinha’ was 
less tolerant of weed competition compared to ‘Clone 56-03’. Considering the use of arbitrary and economic criteria of acceptable 
losses in the root productivities, the PPI and PPDEY of 11 and 65 DAP were determined for ‘Baianinha’ and 44 and 138 DAP 
for ‘Clone 56-03’, respectively. Likewise, considering the starch productivity data, the PPI and PPDEY of 8 and 21 DAP were 
determined for ‘Baianinha’ and 38 and 84 DAP for ‘Clone 56-03’, respectively.
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Períodos de convivência das plantas daninhas em variedades de mandioca

RESUMO: A competição causada pelas plantas daninhas na cultura da mandioca reduz significativamente seu potencial produtivo 
e consequentemente a lucratividade para o produtor. Deste modo, objetivou-se determinar o período anterior à interferência 
(PAI) e o período anterior ao dano no rendimento econômico (PADRE) das plantas daninhas em variedades de mandioca. O 
delineamento utilizado foi blocos casualizados em fatorial 2 × 2 × 12, com quatro repetições. O primeiro fator foi constituído por 
duas variedades (Baianinha e Clone 56-03), o segundo fator foi constituído pelas condições de convivência (com e sem) da 
cultura com as plantas daninhas e o terceiro fator correspondeu a 12 períodos (0, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200 
e 220 dias após plantio - DAP). A Baianinha foi menos tolerante a matocompetição em relação ao Clone 56-03. Considerando o 
uso de critérios arbitrários e econômicos de perdas aceitáveis nas produtividades de raízes foram determinados o PAI e PADRE 
de 11 e 65 DAP para a Baianinha e de 44 e 138 DAP para Clone 56-03, respectivamente. Do mesmo modo, considerando os 
dados de produtividade de fécula determinou-se respectivamente o PAI e PADRE de 8 e 21 DAP para a Baianinha e de 38 e 84 
DAP para Clone 56-03. 
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Introduction
Cassava (Manihot esculenta Crantz) plays an important 

role in world food security, being the main source of basic 
food for about one billion low-income people in 104 countries 
(Latif & Muller, 2015; FAO et al., 2020). Besides that, cassava 
can also be used as animal feed, as well as raw material for 
the starch industry, for medicines, cosmetics and as a source 
for the production of biofuels (Ozoegwu et al., 2017; Bi et al., 
2018).

The potential for industrial uses has contributed to the 
increase, respectively, of 31.1 and 36.7% in the area under 
cultivation and in the production of cassava roots in the world, 
considering the period from 2000 to 2018 (FAO, 2020), but the 
average yield of root production (11.4 t ha-1) is low relative to 
the potential of 36.3 to 50,0 t ha-1 for growing seasons of 10 
and 18 months, respectively (Streck et al., 2014). 

Among the main problems that limit the productive 
potential of the cassava crop, the interference of weeds stands 
out (Costa et al., 2020a). However, there are studies that 
indicate that the crop can remain up to 25 days in coexistence 
with weeds (Period Prior to Interference - PPI), without 
damaging their development and root production (Johanns & 
Contiero, 2006; Biffe et al., 2010). These periods are usually 
determined using arbitrary criteria such as an acceptable 5% 
loss in maximum crop yield. In practice, in some cases losses 
of 5% of crop production do not represent the real costs used 
in weed control, causing under- or overestimation of the PPI, 
and this, consequently, undermines the use of these indices 
as a criterion for decision making on whether or not to control 
weeds and reduces the guarantees of economic return to the 
crop. 

In this way, Vidal et al. (2005), proposed to use the Period 
Prior to Damage to Economic Yield (PPDEY), as a way to use 
economic aspects, such as the cost of control and the amount 
paid for the harvested product, to establish acceptable periods 
of coexistence of the crop with the weed community before 
deciding to control it. 

The establishment of criteria that help in weed control 
decision making should also be based on the knowledge of 
the tolerance level of varieties to coexistence with the weed 
community, since more competitive varieties can integrate 
management strategies and even reduce control costs 
(Moratelli et al., 2020).

Cassava breeding programs usually select varieties 
that are highly productive, disease resistant and adapted 
to mechanization (Cunha & Farias Neto, 2016). However, 
selecting fast-growing varieties whose aboveground 
architecture reduces light penetration between the crop 
rows may suppress seed bank emergence (Jacob et al., 2016). 
Although this strategy does not avoid the need to use other 
control methods, it is noteworthy that due to the improvement 
in competitive abilities, these varieties can coexist longer 
with the weed community, which represents an important 
aspect in extensive areas of cultivation, since the producer 
can prioritize the management of areas according to varietal 

tolerance to matocompetition, besides allowing changes in 
the logistics of using available equipment and waiting for the 
ideal environmental conditions that ensure greater efficiency 
and safety of the control method to be used.

Embrapa Mandioca e Fruticultura has in its manihot 
improvement program several promising clones, which show 
fast growth and vigorous canopy. However, there is little 
information about the tolerance of these clones to coexistence 
with weeds. In the future, the use of more competitive 
varieties and the determination of criteria for weed control 
can contribute to the consolidation and sustainability of the 
cassava production chain.

Thus, considering only the period of the 1st cycle of the 
crop (up to ten months), when the costs of weed control are 
usually more expensive, we aimed to determine the period 
prior to interference (PPI) and the period prior to damage to 
economic yield (PPDEY) of weeds for the traditional cassava 
variety ‘Baianinha’ and the promising clone of Embrapa 
Mandioca e Fruticultura ‘Clone 56-03’. 

Materials and Methods
The experiment was conducted over a period of ten 

months in the 2015/2016 harvest, in the municipality of Entre 
Rios do Oeste, Paraná, Brazil, in a cassava production area 
located in the following coordinates: 24° 42’ 24” S, 54° 14’ 36” 
W and 260 m of altitude. 

The local soil was classified as Dystrophic Red Latosol 
(LVdf), with a clayey texture (Santos et al., 2018). The chemical 
analysis of the soil presented the following characteristics: pH 
CaCl2 = 5.95; Al3+ = 0 cmolc dm-3; Ca2+ = 4.52 cmolc dm-3; Mg2+ = 
3.42 cmolc dm-3; P = 33.30 mg dm-3; K = 0.88 cmolc dm-3; OM = 
6.04 g dm-3, V% = 76.10%.

The design used was randomized blocks in a 2 × 2 × 12 
factorial design with four repetitions. The first factor consisted 
of two varieties (Baianinha and Clone 56-03), the second by 
the conditions of coexistence (with and without) of the crop 
with the weeds and the third corresponded to 12 periods (0, 
20, 40, 60, 80, 100, 120, 140, 160, 180, 200, and 220 days after 
planting - DAP). Each experimental unit consisted of four rows 
8 m long, totaling an area of 28.8 m2. 

The varieties were planted on 07/10/2015 at 0.90 × 0.60 m 
spacing, in no-till system under oat straw (6.1 t ha-1) and with 
90% soil cover rate. No base fertilization (NPK) was performed 
at the time of cassava planting.

The phytosociological characterization of the weed 
community at the end of each coexistence period was 
performed using the inventory square method (Braun-
Blanquet, 1979), using metal frames of 0.25 m2 (0.5 × 0.5 m), 
randomly placed in each plot. The plants were collected, the 
species identified and the plant density m-2 calculated, then 
the Relative Importance index (RI) was determined, according 
to the formulas proposed by Mueller-Dombois & Ellemberg 
(1974) and the Similarity Index (SI) according to an adaptation 
of Equation 1 proposed by Sorensen (1972).
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where:
SI 	 - Similarity Index;
NCSBE - number of common species in both environments; 

and,
NSE 	 - number of species in environment.

The control of weeds in the plots submitted to the 
coexistence period was done by manual weeding at the end 
of each period.

To perform the evaluations of the coexistence and control 
periods, two manioc plants were collected in the penultimate 
position of the central rows of the plots, sectioned in parts, 
and taken to the laboratory to determine root productivity 
(t ha-1) and starch productivity (t ha-1). 

Weighing for quantification of root yield was performed 
right after the plants were harvested. The starch yield was 
calculated after determining the starch content according to 
the method proposed by Oliveira et al. (2011).

The Period Prior to Damage to Economic Yield (PPDEY), was 
determined based on an adaptation of the method proposed 
by Vidal et al. (2005), considering Equation 2.

Results and Discussion
Among the weeds observed in the experimental area 

during cassava cultivation, Euphorbia heterophylla, Bidens 
pilosa, Sorghum halepense, and Digitaria insularis stood out 
as the most important species in both varieties (Figure 2). The 
species B. pilosa and E. heterophylla were present in higher 
densities at the initial stages of development of both varieties 
of cassava, with higher values of Relative Importance (RI), 
being the most competitive species. 

In ‘Baianinha’, D. insularis showed higher RI from 60 to 160 
DAP, with average values of 30% (Figure 2A). After 120 DAP of 
coexistence, S. halepense had the highest RI, but the average 
value was 31%. For ‘Clone 56-03’, the highest RI values were 
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To calculate the acceptable loss (t ha-1) the costs of weed 
control were considered (CC) of R$ 735.03 ha-1, determined 
based on the management adopted by manioc growers in 
the western region of Paraná in first cycle crops (Personal 
communication - COOATOL, Agrícola Horizonte, Herbioeste 
and CVALE), and the average marketing prices paid for cassava 
roots (PC) of R$ 332.89 t-1 and of starch of R$ 1999.54 t-1 in the 
extreme west of Paraná in the year 2019, according to data 
from CEPEA (2019). 

In the no-till cassava system, the producers perform the 
desiccation of the cover crops with 1,080 g ha-1 of glyphosate, 
at the time of planting in pre-emergence they apply a mixture 
of ametryn + clomazone (1,500 + 1,000 g ha-1) and between 
30 or 40 DAP of the cassava an application in post-emergence 
with 1,250 g ha-1 of clomazone. The herbicide application cost 
of R$ 30.00 ha-1 was also considered. 

For comparison, the Period Prior to Interference (PPI) 
was also determined, based on the arbitrary criterion of an 
acceptable 5% loss in root productivity (Biffe et al., 2010).

The climatic conditions of the experimental period are 
described in Figure 1. 

The data obtained was subjected to regression analysis 
and the model was chosen based on the significance of the 
regression, passing the normality test, high R² and biological 
logic.

Figure 1. Rainfall data (mm) and monthly average temperature 
(oC), during the experimental period. Entre Rios do Oeste, PR, 
Brazil (2015/2016).

Figure 2. Relative importance index (RI) of weeds present in 
each coexistence period in the varieties ‘Baianinha’ (A) and 
‘Clone 56-03’ (B) in the 1st cycle.

B.

A.

(1)

(2)
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from S. halepense and D. insularis starting at 120 DAP, which 
predominated until the end of the crop cycle (Figure 2B). 

Weeds of the Asteraceae and Poaceae families are among 
the most important plants in the agricultural areas of Paraná. 
Such a situation was observed in a weed survey conducted in a 
region close to the site of the present study, in which plants of 
the Asteraceae family were found to have the highest relative 
importance (Ramella et al., 2020). 

It is noteworthy that the weeds with higher RI observed 
in this experiment are all difficult to be controlled, mainly 
because they are resistant to herbicides such as glyphosate 
and other mechanisms of action (Takano et al., 2016; Ferreira 
et al., 2018).

Analysis of the Similarity Index showed a high 
homogeneity (85.7%) of the weed species present in the plots 
of the varieties, showing that the degree of interference or 
competitiveness caused by the weed community was similar 
in both varieties (Table 1).

Weed interference caused a reduction in root yield (Figure 
3) and starch yield of the cassava varieties (Figure 4). The 
highest root yield was presented by ‘Baianinha’ (12.73 t ha-1), 
in the weed-free treatment. With the coexistence during the 
whole cycle of ‘Baianinha’, there was a 79.7% reduction in 
productivity compared to the weeded control. In ‘Clone 56-
03’ root yield was 9.85 t ha-1, with a 63.4% reduction at the 
end of the cycle for plants in competition. For starch yields, 
the reductions were 87.8 and 75.3% for ‘Baianinha’ and ‘Clone 
56-03’, respectively. 

In experiments carried out in the same region, losses 
in the productivity of cassava roots were also verified. 
However, these losses were cultivar dependent, with 38.9% 
in the ‘Cascuda’ variety (Costa et al., 2020b) and 63.5% in the 
‘Baianinha’ variety (Franciscon et al., 2016).

The acceptable loss caused by weed interference, 
considering economic criteria, represented 2.21 t ha-1 of 
root yield. Thus, considering the productivity of the varieties 
‘Baianinha’ of 12.73 t ha-1 and ‘Clone 56-03’ of 9.85 t ha-1, 

with control cost (CC) of R$ 735.03 ha-1 and the average of 
the marketing prices paid for the cassava roots (CP) of R$ 
332.89 t-1, we determined the PPDEY of 65 and 138 DAP for 
the varieties ‘Baianinha’ and ‘Clone 56-03’, respectively. 

However, in a scenario where the CC is high (R$929.86 
ha-1), considering the adoption of the management strategy 
based on desiccation with the tank mixture of glyphosate + 
carfentrazone (1,080 + 30 g ha-1), application at planting time 
of the ready mix of ametryn + clomazone (1,500 + 1.000 g ha-1) 
and between 30 or 40 DAP of cassava an application of the 
tank mixture of clomazone + clethodim + mineral oil (1,250 + 
108 g ha-1 + 0.5% v/v of mineral oil) and the same price paid 
for the roots (R$ 332.89 t-1), the PPDEY for root productivity 
becomes 80 DAP for ‘Baianinha’ and 154 DAP for ‘Clone 56-
03’.

In both simulations, the ‘Clone 56-03’ presented higher 
PPDEY. This condition is probably related to the fact that 
‘Clone 56-03’ is more competitive than ‘Baianinha’ and 
consequently tolerates a longer period of coexistence with 
the weed community. However, late control of weeds should 
be avoided even in competitive varieties, because late control 
becomes difficult due to the larger size of the cassava plants 
and weeds. What’s more, weeds can produce and disperse 
their seeds, enriching the soil’s seed bank.

By adopting the arbitrary value of 5% as an acceptable loss 
in root yield, the PPI of 11 DAP for ‘Baianinha’ and 44 DAP for 
‘Clone 56-03’ was calculated.

For starch yields, the acceptable loss caused by interference 
considering the economic values represented 0.37 t ha-1. 
Based on the same values used for root yield data, the PPDEY 
estimate was 21 and 84 DAP for ‘Baianinha’ and ‘Clone 56-03’, 
respectively (Figure 4). Considering 5% acceptable loss, the 
PPI for starch yield was determined at 8 DAP for ‘Baianinha’ 
and 38 DAP for ‘Clone 56-03’, being similar to those obtained 
using economic data from PPDEY.

Table 1. Species densities and similarity index (SI) of weeds 
present in the plots of the variety ‘Baianinha’ and ‘Clone 56-
03’ throughout crop development (1st cycle), in the 2015-2016 
crop.

** Model significant at 1% probability by F test.

Figure 3. Estimation of the period prior to interference (PPI) 
and period prior to damage to economic yield (PPDEY) based 
on root yield of the varieties ‘Baianinha’ and ‘Clone 56-03’, in 
the 1st cycle.
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It is noteworthy that, in practice, it would be more 
interesting to use the PPI or the PPDEY based on starch data 
for decision making to control weeds, since they indicate the 
need for control at an earlier period than the data of PPI and 
PPDEY based on root yield. This can provide a higher yield 
for starch extraction in the industry, besides allowing the 
producer to choose cheaper control strategies due to the 
smaller size of the weeds (Vidal et al., 2005) and guarantee a 
higher economic return.

Overall, the PPI determined for root and starch yields for 
the cassava varieties in this study shows similarity with the 
results of experiments conducted under conventional soil 
preparation presented by Johanns & Contiero (2006) (60 DAP) 
and Soares et al. (2019) (36 DAP). However, it is noteworthy 
that the cultivation of cassava in no-till over oat straw presents 
itself as a sustainable alternative, and may even dispense with 
the use of herbicides for weed control due to the formation 
of a physical barrier to the emergence of the seed bank and 
the release of allelopathic compounds (Otsubo et al., 2012). 
In addition to improving soil fertility due to nutrient cycling 
processes, reduction of temperature range and preservation 
of physical properties in the soil compared to conventional 
preparation (Gabriel Filho et al., 2000; Fasinmirin & Reichert, 
2011; Ramella et al., 2020). These factors may give cassava 
varieties competitive advantages over the weed community.

Differential competitive ability was observed among the 
varieties evaluated, since the clone ‘Clone 56-03’ tolerated 
more time living with weeds (44 DAP) than ‘Baianinha’ (11 
DAP) without significant decreases in root yield. This fact 
further evidences that matocompetition can be more harmful 
in highly productive varieties such as ‘Baianinha’.

The PPI and PPDEY information can establish priorities 
in weed community control management according to the 
sensitivity of the variety to weed competition, which is an 
extremely valuable approach, especially when economic 

factors are considered to support control decisions. Another 
important aspect is that the crop production component that 
best allows the practical application of the use of interference 
periods should be considered, which in this study was starch 
yield.

Conclusions
Considering the use of arbitrary and economic criteria for 

acceptable losses in root yields, the period before interference 
(PPI) and period before damage to economic yield (PPDEY) 
of 11 and 65 DAP for ‘Baianinha’ and 44 and 138 DAP for 
‘Clone 56-03’ were determined, respectively. Similarly, 
considering the starch yield data, PPI and PPDEY of 8 and 21 
DAP for ‘Baianinha’ and of 38 and 84 DAP for ‘Clone 56-03’ 
were determined, respectively. The use of economic data for 
estimating PPDEY proved to be a better practical application 
for weed control decision making, especially when starch 
yield data were considered. In addition, despite being more 
productive ‘Baianinha’ was less competitive with weeds than 
‘Clone 56-03’.
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