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Croton hirtus L’Hér. (Euphorbiaceae) Phenology and Caused Yield Losses in Maize Crop (Zea mays) in Central Western Côte d’Ivoire

ABSTRACT
Croton hirtus L’Hér. (Euphorbiaceae) is a major weed in food crops in Central Western Côte d’Ivoire. However, its phenology and precise impact on crop yield is not yet known. To study its phenology and impact of on maize crop losses, field experiments were carried out in Daloa, Central Western Côte d’Ivoire, in 2023 and 2024 for phenology study and 2023 for maize yield assessment. Croton hirtus phenology was determined according to weeding practices on plots of 50 m2 and yield was measured on maize plants planted along with different densities (0, 6, 12, 18, and 31 plants of C. hirtus per m2). Yield trial was laid in a randomized complete block design with three replicates per density. In terms of phenology, the emergence of Croton hirtus seedlings was important at the start of the growing season. Regarding weed control methods, hoeing resulted in strong emergence of seedlings of the studied weed. The application of crop-selective herbicides delayed weed emergence by one week compared to hoeing. Regarding yield, the highest maize seed yield was obtained in weed-free plots (3.84 t ha⁻¹), while maize yield at weed infestation levels of 6, 12, 18, and 31 plants per m² was reduced by 19.76%, 25.11%, 27.21%, and 32.48%, respectively, compared to weed-free plots. In light of these findings, to reduce yield losses to non-significant levels, it is proposed to reduce C. hirtus densities below 12 plants per m² in maize fields at the beginning of the growing season by using selective pre-emergence or post-emergence herbicides. 
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1. INTRODUCTION
Maize is one of the main food crops in Côte d’Ivoire (FAO, 2023). It is used for human nutrition and livestock feed (FAO, 2012). However, its production faces several biotic constraints, including weeds (Kouakou, 2016). Indeed, weeds can significantly reduce the yield of this cereal depending on the intensity of weed infestation and the type of weed.
The Haut-Sassandra region, located in the central Western Côte d'Ivoire, is one of the major maize-producing areas, with the majority of production destined for commercial sale (Bikpo-Coffié and Kra, 2013). In this region, Croton hirtus is reported as one of the major weeds in maize crops (Gué, 2017; Konan, 2021). This weed is an allelopathic plant that release chemical substances into the atmosphere (Randhawa et al., 2009). However, there is no information on its phenology and the impact of its infestation on maize grain production.
The present work therefore aims to detemine Croton hitus phenology according agricultural practices and evaluate its infestation influence on maize yield in the Central Western Côte d’Ivoire in order to improve weed management and increase maize grain production.
2. MATERIALS AND METHODS
2.1. Study site
The trials were set up in Daloa (latitude 6° 53′ 00″ N and longitude 6° 27′ 00″ W), the capital of the Haut-Sassandra region in west-central Côte d’Ivoire, during 2023 and 2024 to study phenology and in 2024 to investigate the influence of Croton hirtus density on maize yield. The soils in this department are ferralitic (Koffié-Bikpo and Kra, 2013).
2.2. Phenology of Croton hirtus in relation to cultivation practices
Croton hirtus phenology trial was conducted on plots50 m² during 2023 and 2024. Each plot was intended for maize cultivation. The method used was adapted from that of Le Bourgeois (1993). At the time of planting (before clearing and burning), the plots had a Croton hirtus infestation level of 5 of Le Bourgeois (1993) abundance-dominance scale.
Clearing and burning were carried out in late April. We monitored the development cycle according to different cultivation practices (Table 1).
Observations were conducted from May to October during the two investigation years, 2023 and 2024, on the same dates on the different plots. They consisted of weekly phenological surveys on the selected plots, starting with the first rains. The aim was to observe weed populations in question by recording the four phenological stages (emergence, vegetative phase, flowering, and fruiting) exhibited by the individual plants. The abundance-dominance index of Le Bourgeois (1993) was used to characterize each stage.
The observations results were translated into a phenogram. A phenogram is a graphical representation of the presence of different phenological stages of Croton hirtus over time (Le Bourgeois, 1993). This representation takes into account the relative importance of the developmental stages. The influence of different weeding practices could thus be observed.
Table 1 : Examined weed control practices 
	Weed
	Weed control practices examined

	



Croton hirtus
	- Burning + Sowing + Weeding in the 4th and 8th weeks after sowing;

- Burning + Sowing + Weeding in the 4th, 8th, and 12th weeks after sowing;

- After sowing + Weeding in the 8th week after sowing;

- Burning + (total herbicide treatment + Sowing) in the 2nd week after burning + Weeding in the 6th and 10th weeks after burning;

- Burning + (total herbicide treatment + Sowing) in the 2nd week after burning + selective herbicide treatment of the crop in the 6th week + Weeding in the 10th week after burning



2.2. Yield losses in maize
The impact of C. hirtus on maize yield was evaluated at different plant densities (6, 12, 18, and 31 per m²). The trial was performed using a randomized complete block design, with three replicates of 30 m² for each treatment. Maize kernels (Zea mays, ‘F1VN10’) were hand-sown on August 9, 2023, in 5 × 6 m plots at a depth of 5 cm. Each plot comprised seven rows of maize plants with between and within-row spacing was narrower than typical maize varieties at 75 and 20 cm, respectively, resulting in a plant density of 65,000–70,000 plants per hectare.
Plowing was performed for seedbed preparation. Nitrogen fertilizer as urea (46% N) was applied at the rate of 250 kg N ha−1 so that half of the fertilizer was applied at sowing and the remaining was top-dressed at the knee height stage. Phosphorous and potassium at the rate of 120 kg P ha−1 and 125 kg K ha-1 were applied before sowing. Plots were not irrigated according to the ordinary local practice. All plots were kept free from pests and diseases during the growing seasons. Seeds of C hirtus were collected in May–June, 2022 during the growing season from a local population at a producer farm of Daloa, and were kept in sealed bags at 25 ºC until germination prior to the experimental setup. Each weed density was achieved by transplanting seedlings roughly 2 weeks after maize germination at the four-leaf stage at the treatment rate of 6, 12, 18 and 31 per m2. Weed density for each treatment were maintained via weeding by hand once a week. No chemical herbicides were applied in this experiment. To determine maize yield and yield components, a 1 m2 section from the middle two rows of each plot was harvested in November of 2023. To estimate the effect of C hirtus weed density on the different response variables measured, we performed linear (yield losses, yield t of grain per ha) model.
3. RESULTS
3.1. Phenology of Croton hirtus in relation to cultivation practices
The first Croton hirtus seedlings emerge one week after burning (B) or burning followed by sowing (B+S) with an abundance-dominance level of 2 (Figure 1). Croton hirtus individuals in the emergence phase maintain this abundance-dominance level (2) until the second or third week (W2 or W3), then switch to level 1. As for the individuals in the vegetative phase, they become abundant from the second week (S2).
The flowering and fruiting phases of Croton hirtus are not observed in the experimental plots that receive three weedings. In contrast to these plots, these phenological phases (flowering and fruiting) are observed in the plots that receive two weedings or a single late weeding in the eighth week.
In plots with two weedings, the first flowering and fruiting of Croton hirtus are observed in week 16 (W16). In plots with late weeding, in week 8 (W8), Croton hirtus begins to flower from week 8 (W8).
Weeding promotes strong emergence of Croton hirtus seedlings (Figure 1). Conversely, the application of a crop-selective herbicide (HS) delays Croton hirtus seedling emergence by one week compared to weeding (Figure 1).
In plots receiving a total herbicide immediately after sowing, and two weedings, or one weeding followed by the application of a selective herbicide, flowering and fruiting of Croton hirtus are observed in week 18 (Figure 1).
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Figure 1 : Phenology of Croton hirtus according to different weeding techniques 
3.2. Maize grain Yield
In general, maize yield decreases with increased competition from Croton hirtus (Fig. 2, Table 2). The highest maize yield was obtained on plots free of the weed (Fig. 1; 3.84 t ha−1), while those with 12, 18, and 31 Croton hirtus individuals per m2 gave the lowest yields (Table 1).
	Weed density (plant.m-2)                                                                           Grain yield (tha-1)

	              0                                                                                                               3,84 a
              6                                                                                                               3,08 ab
            12                                                                                                               2,86 b
            18                                                                                                               2,79 b
            31                                                                                                               2,58 b


Table 2 : Maize yield according to Croton hirtus density
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Figure 2 : Effect of Croton hirtus density on maize yield

3.3. Maize yield lost
Yield loss at maximum density reached 32.48% compared to weed-free plots (table 3). The evolution of yield loss with increasing weed competition follows a linear model (Figure 3). These results indicate that the effect of Croton hirtus competition on maize increased rapidly from 6 plants per m².
[image: ]

Figure 3 : Effect of Croton hirtus density on maize yield lost

	Weed density (plant.m-2)                                                                        Grain yield (tha-1)

	              0                                                                                                               0,00 a
              6                                                                                                             19, 76 ab
            12                                                                                                             25,11 b
            18                                                                                                             27,21 b
            31                                                                                                             32,48 b


Table 3 : Percentage of maize yield losses according to Croton hirtus density
4. DISCUSSION
Croton hirtus emergence seedlings is significant at the beginning of the growing season. This finding is consistent with that of Ipou Ipou (2005), who observed a higher emergence of Euphorbia heterophylla at the beginning of the growing season in cotton fields in the northern Côte d'Ivoire. Indeed, at the start of the growing season, many weed seeds are on or near the soil surface. Consequently, as soon as favorable germination conditions are met, they germinate and the seedlings establish on the soil surface.
In the present study, hoering resulted in significant seedling emergence of the studied weed. This can be explained by the fact that any shallow tillage can lead to high seedling emergence (Egley, 1989; Riemens et al., 2007; Longchamps et al., 2012).
Two weeks after stale seedbed preparation or application of non-selective herbicide, Croton hirtus emerged at a dominance abundance level 2. This suggests that the experimental plots were very rich in seeds of the studied weed.
In this study, the selective herbicides applied to the crops delayed weed emergence by one week compared to hoering. They can therefore be used early in the growing season to allow maize plants to outcompete the weed. They can also be used one or two weeks after weeding to halt the development cycle of seedlings whose emergence was triggered by weeding.Maize yield reduction caused by C. hirtus increased density highlights the high competitive ability of this weed against maize. This can be expained by its allelopathic properties, which reduce maize growth parameters like root and shoot length (Quee et al., 2018).
The severe yield reduction observed in our study might also be due to greater resource competition at higher C. hirtus densities and / or longer competition periods. It has been shown that some weeds could uptake a higher amount of nutrients from the rhizosphere at higher densities (Naderi et al, 2024).
Maize yield decreased in a linear fashion from 19 to 32% in plots infested with between 6 and 31 C. hirtus. Safdar et al. (2015) observed the same trend when they were studying the effect of Parthenium hysterophorus on maize yield. They reported that maize yield decreased in a linear fashion from 20 to 46% in plots infested with between 5 and 20 P. hysterophorus m-2. These results indicate that the effect of weed competition on maize yield increased rapidly at the weed low densities.
Yield reduction in maize resulting from weed interference is primarily due to the weed impact on the other yield parameters such as the number of cobs per plot, the number of grains per cob and the grain weight (Karimmojeni et al. 2010; Safdar et al. 2015; Naderi et al, 2024). So, it is necessary to study the effect of C. hirtus on these parameters in order to see which of them is deeply affected.
CONCLUSION
Results of the present research provide guidelines to maize growers in the Central Western Côte d'Ivoire for making decisions with respect to the C. hirus phenology stage abundance dominance and density at which it makes economic sense to implement weed control measures in maize. Croton hirtus emergence is very significant at the beginning of the growing season. Regarding weed control methods, hoeing resulted in high seedling emergence of the studied weeds. Application of crop-selective herbicides delayed weed emergence by one week compared to hoeing. C. hirtus, at its higher density, offered greater competition to the maize crop. However, the results of this study concluded that C. hirtus should be controlled very early using pre-emergence or post-emergence herbicides when the plant density exceeds 11 plants m² in order to prevent economic losses.
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