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Abstract

Weed cause serious problems to vegetable cultivation, justifying the importance of stfudies on the interference
of these plants in agricultural crops and management techniques in the context of organic production. From this
perspective, this study aimed to evaluate the interference of weed on the yield of carrot grown under different
sowing methods. The study was conducted at the Seridé Ecological Station in Rio Branco, Acre, Brazil. Control
and coexistence experiments with weeds were set up in a split-plot design (5 x 2), with the plot corresponding
to the coexistence or control periods: 15, 20, 25, 30, and 35 days after sowing, and the subplots corresponding
fo the sowing methods: direct seeding and water conditioning. Cultivation followed the recommendations for
carrot and for the organic system. The harvest and evaluations were performed after 80 days by evaluating
the biometric variables, the carrot yield, and the weed mass. The statistical analysis consisted of the fest of
assumptions followed by analysis of variance. Non-linear regression was used for the yield parameters by
determining the interference periods. In contrast, linear regression was used for the other variables. Carrot
coexistence with weeds reduced the conventional commercial yield by 75.73% and the organic commercial
yield by 57.07%. Organic carrot culfivation should occur free of weed from 21 to 28 days. Water conditioning

increased the organic carrot yield.
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Introduction

Wild carrot (Daucus carota L.) is a species of the
family Apiaceae whose roots have significant commercial
importance, ranking as one of the five most culfivated
and commercialized vegetables in Brazil (Conab, 2019),
with an infense production in the Southeast region of
the country (476.284 t), although sfill incipient in its North
region (19 1) (IBGE, 2018).

Weeds constitute a great problem for agriculture,
especially in areas with vegetable crops, which favor
weed growth and development, making them more
competitive due to the intense soil use and causing drastic
reductions in crop yield in the absence of adequate
control (Bachega et al., 2013).

In this scenario, organic agriculture emerges
as an ever-growing model driven by the increased
awareness of producers and consumers (Sediyama ef al.,
2014). Furthermore, this production system does not allow

herbicides and favors carrot yield by promoting less root
discard and higher product quality, in addition fo higher
vitamin C contfents (Bender et al., 2020).

Weed interference in agricultural areas limits
resources such as water, light, and nutrients (Isik et al. 2015),
causing secondary problems such as allelopathy and
hosting pests and phytopathogens. With these problems,
the damage to carrot yield can reach up fo 98% when
the crop coexists with weeds throughout cultivation
(Reginaldo et al., 2021).

However, there is a period during which weeds
cause greater problems, which justifies the importance of
knowing the interference period in the weed community
and recognizing the main plant features in order to
develop efficient management strategies (Albuquerque
et al., 2017; Marques et al., 2016; Souza et al., 2016).

Furthermore, giving conditions for the main
crop to grow and develop faster is essential to reduce
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competition with weeds. In this scenario, one of the
most widespread techniques for vegetable crops is
seed condifioning, which accelerates germination and
emergence and has low costs (Bisognin et al., 2016;
Mendonca et al., 2018).

From this perspective, thisstudy aimed to evaluate
weed interference on carrot yield under different sowing
methods.

Material and Methods

The experiments were set up from July to
September 2019 at the Seridé Ecological Station in Rio
Branco, Acre, Highway AC 10, km 4, Branch José Rui
Lino, at the coordinates 09°53'16"" S, 67°49'11"" W, and
at an elevation of 170 m a.s.l. The property fraditionally
performs organic cultivation for 14 years.

The regional climate is equatorial, hot, humid,
and classified as Am. During the conduction of the
experiments, the mean temperature was 25.3 °C, the
mean relative humidity was 79.2%, and the total rainfall
amounted to 194.7 mm (Inmeft, 2019).

The soil is classified as a Plinthic Alithic RED
YELLOW ULTISOL with a sandy loam texture, pH (H,O) =
7.0, and the following nutrient contents: P= 49 mg dm;
K= 1.1 mmol_ dm?; Ca= 49 mmol, dm?; Mg= 11 mmol_
dm?; H=11 mmol_dm?3; O.M.= 17 g dm?; base saturation=
84.6%; SB= 61.1 mmol_dm?*; CEC=72.2 mmol_dm?*.

Two experiments were conducted (coexistence
and control), both in a randomized block design with a
split-plot arrangement (5 x 2) with four blocks. The plot
consisted of five confrol or coexistence periods with
weeds: 15, 20, 25, 30, and 35 days after sowing (DAS),
whereas the subplots consisted of two sowing methods:
(DS) (WT).
The experimental plot consisted of four rows, with the
experimental unit corresponding to the two cenfral rows.

In the control experiment, carrot cultivation
remained free of weeds, according to each treatment,
growing without cleaning interventions unfil harvest. In
the coexistence experiment, the crop coexisted with

direct seeding and water-tfreated seeds

weeds until the end of each period, after which weed
conftrol was applied until harvest.

The experiment employed the carrot cultivar
‘Brasilia Irecé’, which belongs to the Brasilia group. For the
water conditioning freatment, the seeds were soaked in
water using paper towels until radicle emergence, which
took an average period of four days.

The soil of the planting rows was corrected with
1 t ha' of dolomitic limestone and fertilized with 15 1
ha' of a plant-based organic compost and 1 t ha' of
thermophosphate, following the recommendations of

Souza and Resende (2014) and using inputs allowed by
organic farming regulations (Brasil, 2014).

The crop management practices followed the
recommendations for organic carrot cultivation (Souza e
Resende, 2014), and harvest was performed after 80 days.

The variables analyzed were the shootlength, root
length, and root diameter. The evaluation of the mean
root mass considered two classifications: the conventional
commercial mass (CCM) - following the classification
rules of the Brazilian Program for the Modernization of
Horticulture (Prohort, 2019), considered as standard, and
the commercial organic mass — which added to the CCM
the roots that did not fit the conventional classification
for having defects, some of which severe, but sfill being
useful for commercialization in organic markets. The yield
parameters considered the mass classifications to obtain
the conventional commercial yield and the organic
commercial yield.

The dry mass of weeds was determined by
collecting plants from a specific area using a square
(50 cm x 50 cm). In the coexistence experiment, the
evaluation was performed at the end of each period. In
contrast, the evaluation was performed at harvest in the
control experiment. Subsequently, the plants were dried to
constant weight in a forced-air oven at 65 °C.

(%) of within  the
classes (length) established by the Brazilian Program
for the Modernization of Horficulture were used for

The percentages roots

the classification of commercial roots (Prohort, 2019).
Furthermore, the percentage of standard commercial
roots was also considered for this parameter.

The data were initially evaluated for normality
of residuals by the Shapiro-Wilk fest and homogeneity of
variances by the Bartlett test. Then, the F-test was applied
for the analysis of variance, which, when significant
(p<0.05), significant  differences
freatments for the sowing factor. On the other hand,
regression analysis was performed in all variables for the
interference periods, except for the yields.

For the conventional and organic commercial
yields, the means were subjected to non-linear regression
by Boltzmann's sigmoidal model, according to the
methodology proposed by Pitelli et al. (2013). Then, the
following periods were determined: the period before
the interference (PBI), the total period of interference

indicated between

prevention (TPIP), and the critical period of interference
prevention (CPIP), considering 5% of yield and revenue
losses.

The non-parametric test of Friedman and the
ranking of means by the Conover test were performed
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for the percentage of commercial roofs.

Results and Discussion

The conventional commercial yield ranged from
1.03 kg m? (coexistence) to 1.11 kg m*? (control). However,
carrot coexistence with weeds during the whole cycle
decreased the commercial yield by 75.73% (Figure 1).

Carrot plants can coexist with weeds for up fo 18
days without interference in the yield or quality. The same
occurred from 30 days affer sowing, during which the crop
can coexist with other plants without damage to the yield.
In that case, the critical period of interference prevention
(CPIP), i.e., when the control should be performed, is
recommended to occur from 18 to 30 DAS (Figure 1).

The reduction in crop yield is severe when there
is coexistence with weeds. Therefore, maintaining the
cultivation areas free of weeds for a given period is
essential to ensure satisfactory yields. The CPIP varies as a
function of the crop of interest, the weed community, the
management adopted, soil, climate, and other factors
(Souza et al., 2016).

The end of the crifical period, coinciding with the
total period of interference prevention (TPIP), is determined
by various plant and cultivation factors. In this period, plants
increase their competitive capacity with other plants that
coexist in the environment due to canopy closure and the
consequent reduction in weed competition (Lins et al.,
2019).

The maximum vyield of carrots that can be
commercialized in the organic market was 2.05 kg m?
in coexistence and 1.83 kg m? in the confrol freatment.
When the crop coexisted with weeds, the yield decreased
by 57.07% (Figure 2).

According to Dotor et al. (2018), the carrot crop
obtains maximum agronomic yield when it remains free
of weeds during the whole cycle, reaching values 38.76%
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Figure 1. Periods of weed interference with the conventional
commercial vyield of organic carrot. Rio Branco, AC, 2019.
TPPI: Total Prevention Period Against Interference; PBI: Period
Before Interference; CPPI: Critical Prevention Period Against
Interference.

-
N
|

m  Coexistence - y= 0.25+(1.03-0.25)/(1+exp((X-20.53)/6.5)) - R*=0.87
® Control - y= 1,11+(0,36-1,11)/(1+exp((x+27,35)/5,12)) - R*= 0,87

-
(=]
1

TPIP= 30

CPIP= 18-30

o
®

o
o
I

©
’S
1

Conventional commercial yield (kg m?)

L)
N
1

T
15 20 25 30 35
Days after sowing

Figure 2. Periods of weed interference with the organic commercial
yield of carrot. Rio Branco, AC, 2019. TPPI: Total Prevention Period
Against Interference; PBI: Period Before Interference; CPPI
Critical Prevention Period Against Interference.

higher than in the critical period of competition.

The estimated interference periods differ from
those seen in the conventional yield. In this case, carrot
plants coexist without interference for up to 21 days,
with the critical period occurring from 21 fo 28 DAS. After
28 days, the crop competes better with other plants, and
no conftrols are required.

According to Colquhoun et al. (2017), carrot
plants initially show low competition capacity due to
the slow germination and growth of this crop. In this
scenario, although breeding programs have not targeted
these features, organic producers prefer cultivars with
faster emergence rates since they can use crop and
mechanical control more efficiently.

Other vegetable species (e.g., okra) also show
slow growth, which reduces the period prior to the
interference and requires earlier control interventions.
Furthermore, it is essenfial for organic ferfilization
management to be free of seeds of other species in order
not to serve as propagation ways for future problem
causers (Santos et al., 2020).

The differences in the yield and interference
periods in relation to the two classifications occur as a
function of the higher demand for roots in the organic
market, which does not discard forked and cracked roots
or other severe defects unaccepted in the conventional
classification of horticultural products.

Although some freatments were not significant,
water conditioning increased the yields of the confrol
and coexistence freatments (Table 1).

The conditioning of carrot seeds was achieved by
water treatment. This technique provides the conditions
fo trigger the germination metabolism. However, the
absorption capacity of seeds is related to the osmotic
potential of their cells (Bisognin et al., 2016).

The higher carrotf yield in the treatments with
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Table 1. Commercial yield of conventional and organic carrot as a function of the sowing method. Rio Branco, AC, 2019

Commercial yield of conventional (kg m?)

Commercial yield of organic (kg m?)

Sowing Coexistence Control Coexistence Control
Water-treated 0.55™ 0.69 a* 1.48 o* 1.40
Direct seeding 0.53 0.45b 1.27 b 1.32

CV (%) 30.11 37.88 20.09 14.58

*Means followed by different letters differ (p<0.05) by the F-test. *Non-significant

water-tfreated seeds is due to the higher emergence
uniformity and the beginning of plant development in
relation fo direct seeding. Also, under high-temperature
conditions (> 30 °C), carrot seeds can undergo thermal
inhibition, with the use of conditioning techniques favoring
germination (Nascimento et al., 2013; Nascimento ef al.,
2009).

The production of shoot matter by the weed
community is inversely proporfional to the carrot yield
(Figure 3), i.e., the yields increased and weed infestation
decreased when the crop remained free of weeds.
Likewise, when the carrot crop coexisted for alonger time
with weeds, the yields decreased significantly (Figures 2
and 3).

The reduction in the yield indices is related not
only to weed growth and development but also to
the diversity of species in the area as the environment
provides ideal conditions (Souza et al. 2020) since some
weed species, e.g., Commelina benghalensis L. and
Amaranthus viridis L., interfere with plant physiology,
including by reducing the leaf chlorophyll content, as
observed by Cabral et al. (2020) in yacon.

The type of sowing did not influence the
production of weed biomass, showing a mean value of
143.40 g m? in coexistence and 80 g m? in the conftrol
freatment.

All variables of Figure 4 showed the same
tendency for the two treatments, i.e., the more prolonged
coexistence with weeds reduced the diameter, shoot
length, and root mass. The interaction between sowing
and control periods was significant when plant control

300 __e__ Coexistence -y =9,6854x - 98,733 R? = 93,03%**
- - m--Control -y =-9,866x + 412,44 R? = 97,01%**
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Figure 3. Dry mass of weeds as a function of coexistence and
confrol periods in organic carrof cultivation. Rio Branco, AC,
2019.

was performed, except for the conventional commercial
mass. For these variables, water conditioning provided
the best results.

The evaluated parameters seen in Figure 4
and the yields were all affected by weed interference.
The limited availability of resources such as light, water,
and nutrients reduces crop growth and development,
preventing the species from manifesting its maximum
potential. However, the sufficient availability of some
resources can favor weed development since these
plants show a higher ability to captfure resources than
agricultural crops, in addition to the slow initial growth
characteristic of carrot plants (Cunha et al., 2015; Isik et
al., 2015; Reginaldo et al., 2021).

The superiority of the variables in the water
conditioning treatment is probably due to the faster
growth in this freatment in relation to direct seeding and
the higher competitive capacity with other plants since
emergence occurred along with most weed species.
The water conditioning freatment increased dry matter
accumulation, favoring plant vigor and making plants

Shoot length (cm)
3

&

_e__Coexistence -y =-0,4706x + 59,
|_e_Coexistence -y =-0,3074x + 31,771 R2 = 05%;‘ --u--Control DS - y = 0,4401x + 42,0992 = 59>
--u--Control DS -y = 0,28x + 18,17 R? = 65,76%** --A--Control WT -y =0,1622x + 50,117 R? = 75,43%'
--A--Confrol WT -y =0,1642x + 21,97 R? = 72,38%**

Root diameter (mm)
N
R

N1
-

. -
0

¥« Coesistence y =-1,3439x + 81,5361 R = D%

-~ Control DS - = 1,0222 + 23,548 R* = 67,83%

20 --A-- Control WT-y = 1,1044x + 24,835 R? = 74,47%"*

15 20 25 30 35 15 20 25 30 35
Days after sowing Days after sowing
Figure 4. Root diameter (A), shoot length (B), mass of conventional
commercial roots (C), and mass of organic commercial roots (D)
of carrot as a function of the coexistence and control periods
with weeds under direct seeding (DS) and water conditioning
(WT). Rio Branco, AC, 2019.
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more resistant to field adversities (Ramalho et al., 2020).

The coexistence of carrot with weeds for a
longer time (30 and 35 days) reduced the percentage
of commercial roofts (Figure 5A), mainly influenced by the
shorterlength of roofts (Figure 5B), which could not develop
due to competition and did not reach commercial values
for conventional or organic classification.

Note: Figure 5A — Means followed by the same
lowercase letter in the coexistence treatment and
uppercase letter in the control treatment did not differ
(p>0.05) by the non-parametric test of Conover.
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Figure 5. Commercial roots (A) and classification of organic
carrot (B) as a function of the coexistence and control periods
with weeds. Rio Branco, AC, 2019.

There was no difference between the coexistence
and control periods for the carrotf root classes, with class
10 showing the highest percentage in both experiments,
corresponding to roots with lengths between 10 cm and
14 cm. However, when the crop remained for a long time
without other plants, the percentage of higher classes
increased (Figure 5B).

The carrot crop responds positively to organic
fertilization and has a moderate nutrient demand. In
some cases, carrot is grown as a subsequent crop in crop
rotafion under organic agriculture (Kjellenberg et al.,
2015).

The evaluation of the weed impact on agriculfural
crops generates
negative effects and design the best planning strategies
to manage these plants aiming to increase production
and reduce costs (Campos et al., 2023).

important information to minimize

Conclusions

Carrot coexistence with weeds reduced the
conventional commercial yield by 75.73% and the
organic commercial yield by 57.07%.

Organic carrot cultivation should be maintained
free of weeds from 21 to 28 days.

There is no difference in the weed interference
periods between types of sowing.

Water conditioning increased the yield of organic
carrot.

Acknowledgment

To the Coordenacdo de Aperfeicoamento
de Pessoal de Nivel Superior (Capes) for granting a
scholarship to the authors.

References

Albuguerque, J.A.A., Santos, T.S., Castro, T.S., Evangelista,
M.O., Alves, J.M.A., Soares, M.B.B., Menezes, P.HJS.
2017. Estudo floristico de plantas daninhas em cultivos
de melancia na Savana de Roraima, Brasil. Scientia
Agropecuaria 8:91-98.

Bachega, L.P.S., Carvalho, L.B., Bianco, S., Cecilio Filho,
A.B. 2013. Periodos de interferéncia de plantas daninhas
na cultura do quiabo. Planta Daninha, 31:63-70.

Bender, |., Edesi, L., Hiiesalu, I., Ingver, A., Kaart, T.,
Kaldmae, H., Talve, T., Tamm, I, Luik, A. 2020. Organic
carrot (Daucus carota I.) production has na advantage
over conventional in quantity aswell as in quality.
Agronomy 10:1-15.

Bisognin, M.B., Kulczynski, S.M., Ferrari, M., Gaviraghi, R.,
Pelegrin, A.J., Souza, V.Q. 2016. Desempenho fisiolégico
de sementes olericolas em diferentes tempos de
hidrocondicionamento. Revista de Ciéncias Agrarias
39:349-359.

BRASIL.  Ministério da  Agricultura, Pecudria e
Abastecimento. Instrucdo Normativa n® 17, de 18 de
junho de 2014. Brasilia, DF: Didrio Oficial da Unido, 2014.
Available from: http://www.agriculturagov.br/assuntos/
sustentabilidade/organicos/legislacao/portugues/
insfrucao-normativa-no-17-de-18dejunho  -de-2014.pdf/
view.

Cabral, M.O., Oliveira, F.L., Dalvi, L.P., Teixeira, A.G.,
Rocha, L.J.F.N., Pedrosa, J.L.F. 2020. Influence of Weeds
on Yacon Initial Growth and Development. Planta
Daninha 38: e020221591.

Campos, M.L., Lacerda, M.L., Aspiazu, |., Carvalho, A.J.,
Silva, R.F. 2023. Weed interference periods in cowpea
crop. Revista Caatinga 36:1-8.

Colguhoun, J.B., Rittmeyer, R.A., Heider, D.J. Tolerance
and Suppression of Weeds Varies among Carrot Varieties.
2017. Weed Technology 31:897-902.

CONAB. Companhia Nacional De Abastecimento. 2019.
Boletim hortigranjeiro. CONAB, Brasilia, Brasil.

Cunha, J.L.X.L., Freitas, F.C.L., Coelho, M.E.H., Silva, M.G.O.,
Mesquita, H.C., Silva, K.S. 2015. Periodos de interferéncia
de plantas daninhas na cultura do pimentdo nos sistemas
de plantio direto e convencional. Revista Agr@mbiente
9:175-183.

Dotor, M.Y., Gonzdlez, L.A., Morillo, A.C. 2018. Periodo
critico de competencia de la Zanahoria (Daucus carota
L.) y malezas asociadas al cultivo. Revista de Ciéncias
Agricolas 35:5-15.

Gibson, D.J., Young, B.G., Wood, A.J. 2017. Can weeds
enhance profitability? Infegrating ecological concepts

Comunicata Scientiae, v.16: 4288, 2025



Souza et al. (2025)

Weed interference on organic carrot y....

to address crop-weed competition and yield quality.
Journal of Ecology 105:900-904.

IBGE. Instituto Brasileiro de Geografia e Estatistica. 2018.
Resultados Definitivos do Censo Agropecudrio 2017. Rio
de Janeiro, IBGE.

INMET. Instituto Nacional de Meteorologia. 2019. Banco
de dados meteoroldgicos para ensino e pesquisa.
Available from: http://www.inmet.gov.br/portal/index.
php? r=bdmep/bdmep. <Accessed 03 otc. 2021>.

Isik, D.; Akca, A., Altfop, EK., Tursun, N., Mennan H. 2015.
The Critical Period for Weed Control (CPWC) in Potato
(Solanum fuberosum L.). Notulae Botfanicae Horti
Agrobotanici 43: 355-360.

Kjellenberg, L., Johansson, E., Gustavsson, K.E., Granstedf,
A., Olsson, M.E. 2015. Influence of organic manures on
carrot (Daucus carota L.) crops grown in a long-term field
experiment in Sweden. Renewable Agriculture and Food
System 31:1-20.

Lins, H.A., Souza, M.F., Albugquerque, J.R.T., Santos, M.G.,
Barros Junior, A.P., Silva, D.V. 2019. Weed interference
periods in sesame crop. Ciéncia e Agrotecnologia 43:
€000819.

Marques, L.J.P., Bianco, S., Filho, A.B.C., Bianco, M.S.
2016. Phytosociological survey and weed interference in
eggplants cultivation. Planta Daninha 34:309-317.

Mendonca, S.R., Pereira, J.CS., Cruz, AT. 2018.
Emergence of carrot seeds cv. Brasilia submitted to
hydro-conditioning. Ipé Agronomic Journal 2:18-25.

Nascimento, W.M., Huber, D., Cantliffe, D.J. 2013.
Carrot seed germination and ethylene production at
high temperature in response to seed osmopriming.
Horticultura Brasileira 31:554-558.

Nascimento, W.M., Silva, J.B.C., Santos, P.E.C., Carmona,
R. 2009. Germinacdo de sementes de cenoura

osmoticamente condicionadas e peletizadas com
diversos ingredientes. Horticultura Brasileira 27:12-16.
Pitelli, R.A., Durigan, J.C., Pitelli, R.L.C.M. 2013.

Determinacdo dos periodos criticos na relacdo de
interferéncia entre plantas daninhas e culturas anuais. In:
SILVA, J.F., Martins, D. (Ed.). Manual de aulas prdticas de
plantas daninhas. Funep, Jaboticabal, Brasil. 71-76p.

PROHORT. Programa brasileiro para modernizagdo
da horticultura.  2019. Classes de comercial de
cenoura. Available from: http://www.hortibrasil.org.br/
classificacao/cenoura/arquivos/classe.htm  <Accessed
27 feb. 2020>.

Ramalho, L.B., Benedito, C.P., Pereira, K.T.O., Silva, K.C.N.,
Medeiro, H.L.S. 2020. Hidrocondicionamento de sementes
de Piptadenia moniliformis Benth. e seus efeitos sobre a
toler&ncia ao estresse salino. Ciéncia Florestal 30:221-230.

Reginaldo, L.T.R.R., Lins, H.A., Sousa, M.F., Tedfilo, T.S.;
Mendonca, V., Silva, D.V. 2021. Weed interference in
carrot yield in two localized irrigatfion systems. Revista
Caatinga 34:119-131.

Santos, R.N.V., Pires, T.P., Mesquita, M.L.R., Correa, M.J.P.,
Silva, M.R.M. 2020. Weed interference in okra crop in the
organic system during the dry season. Planta Daninha,
38:€020217201.

Sediyama, M.A.N., Santos, I.C., Lima, P.C. 2014. Cultivo de
hortalicas no sistema orgdnico. Revista Ceres 61: 829-837.

Souza, J.l., Silva, A.A.P., Chagas, R.R., Oliveira Neto, A.M.,
Maciel, C.D.G., Resende, J.T.V., Ono, E.O. 2014. Weed
interference periods and fransplanting densities of onion
crop in the brazlian region of Guarapuava, PR. Planta
Daninha, 34:99-308.

Souza, J. L.; Resende, P. 2014. Manual de horticultura
orgdnica. Aprenda Fdcil, Vicosa Brasil.

Souza, M.F., Silva, T.S., Santos, J.B., Carneiro, G.D.O.P.,
Reginaldo, T.T.R.T., Bandeira, J.N., Santos, M.S., Pavdo,
Q.S., Negreiros, M.Z., Silva, D.V. 2020. Soil water availability
alter the weed community and its interference on onion
crops. Scientia Horticulturae 272:1-10.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest.

All the contents of this journal, except where otherwise noted, is licensed
under a Creative Commons Attribution License attribuition-type BY.

Comunicata Scientiae, v.16: 4288, 2025





