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Original Research Article

Germination and growth of Artemisia annua seedlings in the Ivorian coastal zone: case of the CNRA Marc DELORME Station

ABSTRACT 
Artemisia annua is a cultivated plant originating from China used in the treatment of malaria. It has recently been introduced in Côte d’Ivoire where the production of seedlings is not yet mastered. The study evaluated the suitability of 6 different substrates, including four composts, to ensure seed germination on one hand and seedling growth on the other hand. Seedlings from a compost substrate were transplanted into pots containing an identical substrate in each of the nurseries under shade, open air, and greenhouse. On average, 80% of seeds germinated on each of the compost substrates, 26% on bare soil, and 40% on fallow soil under Pueraria phaseoloïdes. Two weeks after transplanting the seedlings into the nursery, high chlorophyll contents were obtained from seedlings produced on coconut sawdust + P. phaseoloïdes compost (21.51 ± 6.6 SPAD), pig manure + P. phaseoloïdes + Panicum maximum compost (22.18 ± 6.18 SPAD), and coconut coir + P. phaseoloïdes compost (22.75 ± 5.57 SPAD). Furthermore, the open-air nursery allowed obtaining larger seedlings (height: 6 ± 0.52 cm), with a high average collar diameter (2.45 ± 0.85 mm), numerous and long leaves (18.59 ± 0.44 and 10.90 ± 0.28 cm, respectively). 
Keywords: Artemisia annua, germination, substrate type, chlorophyll content, nursery type

1 INTRODUCTION 
Artemisia annua is a plant species of Asian origin from the Asteraceae family found in temperate zones, on sandy soils along riverbanks (Hans et al., 2005). It can reach over 3 m in height in cultivation (Hans et al., 2005) and is grown for its leaves. The leaves are bi-paripinnate and toothed, varying in color from dark green to light green. For nearly 2000 years, the leaves have been used in China as an antimalarial (Lu et al. 2023). Indeed, they contain artemisinin and derivatives which prove effective against Plasmodium falciparum responsible for malaria. In addition, A. annua is an aromatic plant. It thus holds importance in pharmaceutical research for fighting malaria (OMS 2021). Malaria is a potentially fatal disease transmitted by injecting the parasite P. falciparum into humans by the Anopheles mosquito (OMS 2023). In 2021, nearly half of the world's population was exposed to the risk of malaria (OMS 2023). The number of people affected by malaria was estimated at 247 million, of which 95% in the African region and 619,000 deaths, of which 96% recorded on the continent. Children under 5 years old are the most affected and represent 80% of deaths. For a long time, malaria management programs in affected countries were based on monotherapy treatments. Currently, the World Health Organization (WHO) recommends the use of combination therapies containing artemisinin derivatives based on their efficacy (Houehoume et al. 2014). Artemisinin-based combination therapies (ACTs) whose derivatives are extracted from A. annua remain the best available treatment for malaria and a solution to the problem of P. falciparum resistance to antimalarial drugs (Lu et al. 2023). Bakoumé (2018) mentions that one of the factors contributing to the sustainable growth of the African population is the development of preventive measures for controlling malaria and AIDS. However, A. annua may cause abortion in women (Hans et al., 2006). A. annua is a species of Artemisia that can be cultivated on various types of soils. Although studies have been conducted on the germination and growth of the plant in the sub-region through local means and techniques related to local conditions (Houehoume, 2014; Mounkaila, 2015; Sougnez, 2017), few have been carried out in the Ivorian coastal zone. Moreover, the Ivorian coast, characterized by lagoon water bodies, is a zone conducive to the proliferation of mosquitoes vectors of the pathogen responsible for malaria. The soil of the coast is composed of coarse sands poor in organic matter and nutrients. Thus, the only perennial cash crop adapted is the coconut tree. Cultivating Artemisia annua would allow farmers in the coast to protect themselves with an effective method of fighting malaria. The good development of A annua requires a soil rich in organic matter, light with good exposure to sunlight (La Maison d’Artemisia, 2020). What environmentally friendly cultural strategy is appropriate for good germination and growth of A. annua in these conditions? This study sought to identify suitable substrates and optimal conditions for the germination of seeds and growth of plants of A. annua in the coastal zone of Côte d'Ivoire where the main source of income is coconut cultivation.

2 MATERIAL AND METHODS 
2.1 Experimental Site: 
The study was conducted at the Marc Delorme Station (genetic block 500) of the National Agricultural Research Center (CNRA), responsible for the coconut program, located between 05°14' and 05°15' North latitude and between 03°54' and 03°55' West longitude. The climate of the area is equatorial characterized by four distinct seasons including two rainy seasons alternating with two dry seasons. The average annual rainfall is 1673.99 mm. The average daily temperature rises to about 26 °C and the relative humidity oscillates between 80 and 90%. The site extends over 788 ha and rests on tertiary soils consisting of coarse sands poor in organic matter (CCT 2006). 
2.2 Material 
The plant material consisted of A. annua seeds and seedlings resulting from their germination (Figure 1). The seed is very small and measures less than 1 mm. The average weight of the seed is 0.07 mg (La Maison d’Artemisia, 2020). The seeds were divided into two (2) lots (5 g/lot): three years after harvest (AAR3) and three months after harvest (MAR3) (Figure 1).
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Fig. 1. Seeds of A. annua three years (a) and three months (b) after harvesting (on the left) and seedlings of A. annua (on the right) a. Germination Substrates The A. annua seeds were cultivated on 6 substrates (Figure 2) including four composts of animal or vegetable origin namely:

1. Coconut stem sawdust enriched with P. phaseoloïdes (SCPp),

2. Coconut coir enriched with P. phaseoloïdes (BCPp),

3. Pig manure (CrP),

4. Pig manure + P. phaseoloïdes + Panicum maximum (CrPPpPM). The other two substrates were:

5. Soil sampled under a four-year-old fallow covered with P. phaseoloïdes vegetation (SJPp)

6. Soil sampled under weeds (SO).
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Fig. 2. Germination substrates: soil under P. phaseoloïdes fallow (a), compost of coconut stem sawdust + P. phaseoloïdes (b), compost of pig manure + P. phaseoloïdes + P. maximum (c), compost of coconut coir + P. phaseoloïdes (d), bare soil (e), pig manure (f) 
2.3 Methods 
The aim of this study is to identify an optimal substrate for good germination of seeds and favorable culture conditions in nurseries for A. annua seedlings. The development and chemical characterization of substrates, a germination test on the different substrates, the cultivation of seedlings resulting from the test on substrates under different nursery conditions, are the different methods used.
 2.3.1 Development of substrates 
Pig manure was collected from a pigsty near the study site. The Pueraria phaseoloïdes, Panicum maximum, coconut coir, and coconut stem sawdust were collected on site. The entire plants (roots, stems, and leaves) of Pueraria phaseoloïdes, the leaves of Panicum maximum, and the coconut coir were cut into small pieces. The coir and sawdust were placed in an oven at 70 °C for 3 to 5 days then crushed into particles of 0.5 mm using the THOMAS SCIENTIFIC (Model 4, Wiley, United States) grinder. Pits of 3.375 m³ were dug and the different materials were buried and covered with black plastic. A daily measurement of the internal temperature of the composting material was performed. Watering of the material was done to avoid waterlogging. The duration, temperatures, and different masses of composted materials are given in Table I; In addition to the four composts, two other substrates were sampled on site: soil under weeds (SO) and soil under P. phaseoloïdes fallow (SJP) aged four years. At maturity, the composts were removed from the pits, placed in basins, and covered with black plastics and exposed to sunlight for seven days. After this process, the composts were dried in the open air. For the germination test and seedling growth, the six substrates were sieved and passed through an oven at 80 °C for 24 hours. 
Table I: Components and parameters of composting 
	Composts
	Constituents
	Mass of constituents (kg)
	Composting Temperature
	Duration of composting (months)

	SCPp
	P. phaseoloïdes 
	25
	29-31 °C
	3

	
	Coconut stem sawdust
	23,20
	
	

	BCPp
	P. phaseoloïdes 
	23
	29-32 °C
	3

	
	coconut coir
	22,8
	
	

	CrPPpPM
	P. phaseoloïdes
	12,5
	40-70 °C
	3

	
	P. maximum
	19,50
	
	

	
	pig manure
	50
	
	

	CrP
	pig manure
	100
	35-70 °C
	3


Legend :SCPp : coconut stem sawdust + P. phaseoloïdes ; CrPPpPM : pig manure + P. phaseoloïdes + P. maximum ; BCPp : coconut coir + P. phaseoloïdes ; CrP : pig manure 
2.3.2 Germination Test 
a. Seed viability test Three (3) g of AAR3 and MAR3 seeds were soaked separately in a beaker containing distilled water for 30 minutes (Dossa et al., 2020). The seeds in suspension were eliminated. Then, each lot of seeds was wrapped in cotton cloth and heated in distilled water until boiling (100 °C). After heating, the seeds were removed and allowed to cool for 24h (Mounkaila et al, 2015). In each lot of treated seeds, 150 were counted, for each germinator, using a colony counter (Scan 100, INTERSCIENCE, France). 
b. Preparation of germinators and sowing of seeds 
Eighteen germinators per seed lot were prepared at a rate of three germinators per substrate. In total, 36 germinators were set up. The germinator was a plastic tray filled with a well-levelled type of substrate (Mounkaila et al, 2015). The tray was 33 cm long, 26 cm wide and 9 cm deep (7722 cm3) perforated with 15 holes of 1.6 mm diameter. Before sowing, the germinators were soaked in tap water to moisten the substrate by capillarity. The germinators were then placed in a room at ambient temperature of 25 °C for 10 minutes. Sowing was carried out on site, by spreading the 150 seeds on each germinator. The room remained lit from 6h to 18h and watering was ensured by capillarity so as to maintain the substrate adequately moist during the trial. 
c. Evaluation of germination parameters 
After sowing, a visual count was performed daily until a constant number was obtained in each germinator, after 17 days. Thus, the delay, rate and speed of germination of the seeds were determined.
 • The germination delay is the time observed at the first emergence of seeds, on each germinator after sowing. 
• The germination rate (TG) was evaluated according to the following formula: Where TG is the germination rate, N is the number of seeds sown, n is the number of germinated seeds.
 • The germination speed or average germination time (TMG) was determined from the average time necessary for the germination of 50% of the seeds on the substrate. It was calculated using the formula described by Haba (2021): Where TMG = average germination time ni = the number of seeds germinated at time ti N = the number of seeds germinated at the end of the test. The average of the parameters determined for each substrate was used for statistical analyses. At the end of the germination test, the 4 compost substrates were retained based on a germination rate greater than 50%. Thus, to evaluate their effect on the growth and development of plants in the nursery.
 2.3.3 Setting up nursery systems 
In order to determine the appropriate type of nursery for producing vigorous young plants to transplant, culture trials were carried out in three nursery systems (Figure 3) (Kouakou, 2009). The first nursery was a shade constructed from bamboo canes; shading being provided by palm fronds placed two meters above the ground. The second nursery was installed outdoors (open terrace). The last nursery was placed under a greenhouse two meters high, six meters long and four meters wide. It was built using coconut stem frameworks and polyethylene plastic (Kouakou, 2009). 
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Fig.3. Different culture conditions in nurseries of A. annua seedlings: greenhouse setup (a), shade setup (b), open sky setup (c) 
2.3.3.1 Setup of experimental device 
Twenty cups were filled with a moistened substrate by capillarity in basins containing tap water at the bottom. The cups, lined with a thin layer of plastic, were perforated with 20 holes of 0.8 mm diameter. Seedlings of four to six leaves from the germinators were transplanted into the pots (cups) containing the original substrate. The seedlings were transplanted at a depth of 3 cm. A total of eighty (80) transplanted seedlings at a rate of 20 per substrate and placed under each nursery. The experimental design was randomized blocks with 5 repetitions spaced 0.5 m apart and 4 plants per substrate spaced 0.25 m apart, totaling 20 plants (Figure 4). 
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Fig. 4. Experimental design used for the comparative trial of composted substrates in pots 
2.3.3.2 Evaluation of parameters 
a. Growth and development 
One week after transplantation, measurements of growth and development parameters were performed. These measurements were made once a week in four passes according to the protocol developed by Tiendrebeogo et al. (2020). It consists of measuring the height between the collar and the top of the stem, using a graduated ruler, the stem diameter measured at the collar using a vernier caliper, the number of leaves counted, the leaf length measured, between the point of insertion of the petiole at the level of the stem and the top of the lamina, with a tape measure. 
b. Leaf chlorophyll content 
The chlorophyll content using the chlorophyll meter SPAD (502Plus KONICA Minolta, France) (Bouzidi, 2019). The evaluation of chlorophyll content was carried out on four leaves/plants (one leaf/cardinal position). The measurement was made on leaves located at intermediate ranks (mature and fully developed) (Bouillenne,1962). To this end, three plants per substrate were chosen randomly in each treatment (Bouzidi, 2019). 
c. Environmental 
The average temperature and relative humidity were recorded daily from 10 o'clock within each nursery during the trial period. These parameters were determined using a hygro-thermometer. It is a mini weather station electronic transmitter portable (Médion) used by Kouakou (2009). Watering by capillarity was carried out once a day at 6 a.m. and throughout the trial. Seedlings under shade and open air were protected against pests with a mosquito net from 6 p.m. to 6 a.m.
 2.3.4 Data Analysis 
The software SPSS, R and Excel were used for data processing. The collected data were submitted to analysis of variance (ANOVA) at a 5% risk to compare the effect of substrates and nursery type. The Student-Newman-Keuls test was used for this purpose. In addition to ANOVA, a principal component analysis (PCA) was performed based on the studied parameters to identify the most relevant variables to distinguish the substrates. 
3 RESULTS AND DISCUSSION 
3.1 Results 
3.1.1 Chemical characteristics of germination substrates 
The chemical analysis of the substrates reveals that the compost-derived substrates are weakly acidic to basic and possess the highest values for most characteristics compared to substrates composed of soil sampled under weeds (SO) and under Pueraria phaseoloïdes fallow (SJPp). Note that the latter have higher acidity and a C/N higher than 15 compared to the composts. The composts thus offer the characteristics of a good agricultural soil, particularly the composts SCPp, BCPp and CrPPpPM (Table II). 
Table II. Chemical characteristics of germination substrates of Artemisia annua seeds
	
	SCPp
	BCPp
	SO
	CrP
	CrPPpPM
	SJPp
	Mean±Standard deviation

	N total (p.c)
	0,46
	0,36
	0,12
	0,29
	0,49
	0,19
	0,32±0,15

	C total (p.c)
	3,79
	3,25
	2,18
	2,98
	3,88
	2,92
	3,17±0,63

	MO total (p.c)
	6,71
	5,59
	3,75
	5,13
	6,67
	5,02
	5,48±1,12

	P ass (mg/kg)
	67,32
	53,14
	31,09
	46,07
	74,1
	35,11
	51,14±17,19

	K+ (cmol/kg)
	0,71
	0,84
	0,44
	0,39
	0,57c
	0,42
	0,56±0,18

	Ca2+ (cmol/kg)
	1,15
	0,94
	0,84
	0,93
	1,03
	0,91
	0,97±0,11

	Mg+ (cmol/kg)
	0,46
	0,38
	0,34
	0,37
	0,42
	0,37
	0,39±0,04

	pHeau
	6,9
	6,4
	5,7
	7,2
	7,2
	6,2
	6,6±0,60

	CEC (cmol/kg)
	13,74
	11,23
	10,02
	11,15
	12.37
	10,91
	11,57±1,30

	C/N
	8,29
	8,87
	18,25
	10,19
	7,93
	15,4
	11,49±4,30


Legend SCPp : coconut stem sawdust + P. phaseoloïdes ; CrPPpPM : pig manure + P. phaseoloïdes + P. maximum ; BCPp : coconut coir + P. phaseoloïdes ; CrP : pig manure ; SO : soil under weeds ; SJPp : soil under P. phaseoloïdes fallow 
3.1.2 Effect of substrates on the germination of Artemisia annua seeds 
Of the two seed lots tested (3AAR and 3MAR), only the 3MAR seeds were able to germinate. Therefore, the germination parameters evaluated concern only the 3MAR seed lot. Figure 5 shows the evolution of the germination rate of seeds as a function of the number of days after sowing. 
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SCPp : coconut stem sawdust + P. phaseoloïdes ; CrPPpPM : pig manure + P. phaseoloïdes + P. maximum ; BCPp : coconut coir + P. phaseoloïdes ; CrP : pig manure ; SO : soil under weeds ; SJPp : soil under P. phaseoloïdes fallow 
Fig.5: Evolution of the number of germinated seeds on each substrate as a function of the number of days 
( Delay and germination rate 
Analysis of variances revealed a significant effect of the substrate on the delay and germination rate at the 5% level (Table III). Thus, the four composts (CrP, CrPPpPM, SCPp and BCPp) and SJPp had the same significantly shorter germination delay (P=0.452). The longest delay was given by SO (bare soil) (Table III). The cumulative germination rate of A. annua seeds varied from 26.44±1.03 to 84.42±3.32 %. The lowest rate was observed on the SO substrate (26.44±1.03 %) followed by SJPp (38.89±1.02%). The highest germination rates were obtained from the four composts (CrP, CrPPpPM, SCPp and BCPp) with respectively 80.40±0.35%, 82.66±0.67%, 83.33±1.33% and 84.42±3.32% (Table IV). 
Table III. ANOVA of germination delay and rate of A. annua seeds on different substrates 
	
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Dg* Subst
	Between groups
	2,44
	5
	0,49
	8,8
	0,001

	
	Intra-group
	0,67
	12
	0,06
	
	

	Tg* Subst
	Between groups
	10274,33
	5
	2054,86
	797,53
	0,000

	
	Intra-group
	30,92
	12
	2,558
	
	


Legend : Dg= germination delay ; Tg=germination rate ; Subst=substrate 
Table IV. Germination delay and rate of A. annua seeds according to substrate 
	Substrates 
	SCPp
	CrPPpPM
	BCPp
	CrP
	SO
	SJPp

	Dg (day)
	3±0,00b
	3±0,00b
	3±0,00b
	3±0,00b
	4±0,00a
	3,33±0,58b

	CV (%)
	0
	0
	0
	0
	0
	0,17

	Tg (%)
	83,33±1,33ab
	82,66±0,67ab
	84,42±3,3a
	80,40±0,35b
	26,44±1,03d
	38,89±1,02c

	CV (%)
	0,02
	0,01
	0,04
	0,00
	0,04
	0,03


Means in the line having the same letter are not significantly different. 
Legend : TMG =average germination time ; CV=coefficient of variation ; SCPp= coconut stem sawdust + P. phaseoloïdes ; CrPPpPM=pig manure + P. phaseoloïdes + P. maximum ; BCPp=coconut coir+ P. phaseoloïdes ; CrP=pig manure ; SO= soil without vegetal cover ; SJPp= soil under P. phaseoloïdes fallow ; nd=not determined 
( Germination speed 
Analysis of variance (ANOVA) revealed a significant effect of the substrate on the germination speed of Artemisia annua seeds at the 5% level (Table V). The average germination times of the seeds varied depending on the substrates (P=0.023). The substrates SCPp (4.68 ± 0.58 days), CrPPpPM (4.43 ± 0.06 days) and BCPp (4.43 ± 0.04 days) recorded significantly identical and higher TMG (P=0.653). The smallest TMG was obtained CrP (5.41± 0.35 days) (Table VI). Having obtained TMG lower than 50%, the TMG of substrates SO and SJP were not evaluated in these works.
Table V. ANOVA of germination speed of Artemisia annua seeds according to substrate 
	
	Sum of Squares
	df
	Mean Square
	F
	Sig..

	TMG * Sub
	Between groups
	
	1,928
	3
	0,643
	5,610
	0,023

	
	Intra-groups
	0,916
	8
	0,115
	
	


Legend : TMG=average or germination speed ; Sub : substrates 
Table VI. Germination speed (TMG) of A. annua seeds as a function of substrate
	Substrates 
	SCPp
	CrPPpPM
	BCPp
	CrP
	SO
	SJPp

	TMG (day)
	4,68± 0,58b
	4,43± 0,06b
	4,43± 0,04b
	5,41± 0,35a
	nd
	nd

	CV (%)
	0,12
	0,01
	0,01
	0,06
	nd
	nd


Means in the column having the same letter are not significantly different. Legend : TMG =average germination time ; CV=coefficient of variation ; SCPp= coconut stem sawdust + P. phaseoloïdes ; CrPPpPM=pig manure + P. phaseoloïdes + P. maximum ; BCPp=coconut coir+ P. phaseoloïdes ; CrP=pig manure ; SO= soil without vegetal cover ; SJPp= soil under P. phaseoloïdes fallow ; nd=not determined 
3.1.3 Effect of substrates on the growth parameters of young plants in nursery 
a. Effect of substrate on the growth of young plants 
Table VII shows that the substrate had a highly significant effect on the evaluated growth parameters at the 5% level. Height varied from 3.43±0.23 to 7.88±0.45 cm. The analysis grouped the substrates into three groups. Group 1, comprising low heights, includes substrates CrP (3.43±0.23 cm) and CrPPpPM (4.23±0.27 cm). Group 2 is composed of the substrate BCPp with 6.73±0.41 cm. The highest average height value is obtained from the substrate SCPp with 7.88±0.45 cm. The analysis also generated three groups of substrates concerning the collar diameter ranging from 2.02±0.04 to 2.74±0.06 mm. Group 1 presents the substrate CrP (2.02±0.04 mm) having the smallest collar diameter. Group 2 consists of substrates CrPPpPM (2.57±0.06 mm) and BCPp (2.62±0.06 mm). Group 3 presents two substrates: BCPp (2.62±0.06 mm) and SCPp (2.74±0.06 mm). The number of leaves varied from 14.02±0.24 to 21.41±0.51. The analysis shows that the four substrates are significantly different. The smallest significant number of leaves is given by the substrate CrP with 14.02±0.24 followed by CrPPpPM (15.85±0.28) and BCPp (20.04±0.39). The largest significant number is obtained from the substrate SCPp with (21.41±0.51). The leaf length varied from 7.70±0.14 to 11.27±0.11 cm. The analysis identified four significantly different groups at the 5% level. Group 1 contains CrP with 7.70±0.14 cm. Groups 2 and 3 consist respectively of CrPPpPM (9.89±0.19) and BCPp (10.33±0.15 cm). The last group comprises the substrate SCPp with 11.27±0.11 cm (Table VIII). 
Table VII. ANAOVA of growth parameters of A. annua seedlings 
	Source of variance
	
	Height
	Collar Diameter
	Number of Leaves
	Leaf Length

	
	d.f
	M.S
	F
	M.S
	F
	M.S
	F
	M.S
	F

	Substrat 
	15
	342,67
	255,34***
	6,08
	39,30***
	158.91
	10.89***
	34,50
	17,28***

	Résiduelle 
	144
	1,342
	
	0,155
	
	14,595
	
	1,997
	


*** Fisher's value significant at the 0.001 level.
Table VIII. Effect of substrate on growth parameters of young plants in nursery 
	Substrates
	H (cm)
	Dc (mm)
	Nf
	Lf (cm)

	SCPp
	7,88±6,96a
	2,74±0,86a
	21,41±7,94a
	11,27±1,66a

	BCPp
	6,73±6,32 b
	2,62±0,95ab
	20,04±5,99b
	10,33±2,29b

	CrP
	3,43±3,56c
	2,02±0,59b
	14,02±3,67d
	7,70±2,23d

	CrPPpPM
	4,23±4,17c
	2,57±0,85ab
	15,85±4,36c
	9,89±3,01c

	P
	0,000
	0,000
	0,000
	0,000


Means in the column having the same letter are not significantly different. Legend : TMG =average germination time ; CV=coefficient of variation ; SCPp= coconut stem sawdust + P. phaseoloïdes ; CrPPpPM=pig manure + P. phaseoloïdes + P. maximum ; BCPp=coconut coir+ P. phaseoloïdes ; CrP=pig manure ; SO= soil without vegetal cover ; SJPp= soil under P. phaseoloïdes fallow ; nd=not determined.
b. Evaluation of optimal growth conditions of young plants under different nurseries
 ANOVA detected a very highly significant effect of the nursery type on collar diameter, number and leaf length (Table IX). Collar diameter (Dc) varied from 2.32±0.05 to 2.62±0.05 mm. Open-air (CO) (2.52±0.05 mm) and greenhouse (2.62±0.05 mm) nurseries gave Dc values significantly similar (p=0.142) and higher (Table X). Number of leaves (Nf) varied on average from 16.97±0.37 to 18.63±0.35. Open-air (18.63±0.35) and greenhouse (17.88±0.37) nurseries gave Nf values significantly similar (p=0.095) and higher. Leaf length (Lf) varied on average from 9.54±0.16 to 10.67±0.13 cm. The lowest significant average Lf value is presented by the greenhouse nursery (9.54±0.16 cm). The longest significant leaves were obtained from young plants placed in CO (10.67±0.13 cm). Overall, the CO nursery allowed producing more vigorous young plants under ambient temperature conditions of 26.94 °C and relative humidity of 67.09 %. 

Table IX. ANOVA of growth parameters according to nursery type
	Source of variance
	
	Height
	Collar Diameter
	Number of leaf 
	Length

	
	d.f
	M.S
	F
	M.S
	F
	M.S
	F
	M.S
	F

	Nursery
	2
	58,406
	7,524***
	16,712
	94,003***
	203,216
	39,578***
	66,395
	47,296***

	Residual
	454
	7,763
	
	0,178
	
	5,135
	
	1,404
	


 *** Fisher's value significant at the 0.001 level.
Table X. Effect of nursery type on growth parameters of young A. annua plants Nursery 
	Nursery 
	height (cm)
	Dc (mm)
	Nf
	Lf (cm)
	T (°C)
	H (%) 

	Open air
	5,95±5,74a
	2,52±0,87a
	18,63±6,18a
	10,69±2,25a
	26,94±2,05a
	67,09±11,48a

	Shade
	5,12±5,47a
	2,32±0,86b
	16,97±6,53b
	9,54±2,77b
	28,13±1,76a
	62,72±10,66a

	Greenhouse
	5,63±5,96a
	2,62±0,86a
	17,88±6,60a
	9,17±2,76c
	28,10±2,90a
	66±14,78a

	P
	0,183573
	0,000
	0,005
	0,000
	0,395251
	0,701743


 Legend : Dc : collar diameter ; Nf : number of leaves ; Lf : leaf length ; T : temperature ; H : humidity. Means in the column followed by the same letter are not significantly different 
a. Interactive effect of substrate-nursery system on growth parameters 
Variance analysis reveals that the nature of the substrate interacting with the type of nursery significantly influenced all growth parameters of young plants at the 5% level (Table X). Height varied from 2.34±1.02 to 7.88±6.99 cm (P<0.001). Whatever the type of nursery, the SCPp substrate (7.88±6.99 cm) presented the highest average height. The interaction greenhouse with the substrates much more favored the plants in collar diameter varying from 2.02±0.6 to 2.97±0.78 mm (P<0.001). The number of leaves (Nf) varied from 12.59±2.36 to 21.41±7.98 (P<0.001). Whatever the nursery system, the SCPp (21.41±7.98) and BCPp (20.04±6.02) substrates gave the highest average Nf. While it is at the open-air nursery that the substrates more favored the plants in leaf length varying from 6.61±2.08 to 12.23±2.14 cm (P<0.001). 
Table XI. Interaction effect of substrates-nurseries on the growth of young plants 
	Nursery 
	Substrate 
	H (cm)
	Dc (mm)
	Nf
	Lf (cm)

	Open air
	BCPp
	6,73±6,35ab
	2,62±0,96b
	20,04±6,02a
	10,33±2,29c

	
	SCPp
	7,88±6,99a
	2,75±0,86ab
	21,41±7,98a
	11,27±1,66b

	
	CrP
	4,06±3,75cd
	2,02±0,6c
	15,26±3,24cd
	8,91±1,31d

	
	CrPPpPM
	5,14±4,59bc
	2,71±0,82ab
	17,81±4,66b
	12,23±2,14a

	Shade
	BCPp
	6,73±6,35ab
	2,62±0,96b
	20,04±6,02a
	10,33±2,3c

	
	SCPp
	7,88±6,99a
	2,75±0,86ab
	21,41±7,98a
	11,27±1,66b

	
	CrP
	2,34±1,02d
	1,89±0,58c
	12,59±2,36e
	7,59±2,5e

	
	CrPPpPM
	3,52±3,11cd
	2,01±0,65c
	13,82±2,76de
	8,98±2,99d

	Greenhouse 
	BCPp
	6,73±6,35ab
	2,62±0,96b
	20,04±6,02a
	10,33±2,3c

	
	SCPp
	7,88±6,99a
	2,73±0,89ab
	21,41±7,98a
	11,27±1,66b

	
	CrP
	3,90±4,63cd
	2,14±0,58c
	14,20±4,58cde
	6,61±2,08f

	
	CrPPpPM
	4,02±4,53cd
	2,97±0,78a
	15,89±4,48c
	8,46±2,33d

	
	F
	10,36
	16,5
	27,11
	49,82

	
	P
	0,000
	0,000
	0,000
	0,000


Legend : ; H: heightDc : collar diameter ; Nf : number of leaves ; Lf : leaf length ; SCPp= coconut stem sawdust + P. phaseoloïdes ; CrPPpPM=pig manure + P. phaseoloïdes + P. maximum ; BCPp=coconut coir+ P. phaseoloïdes ; CrP=pig manure ; SO= soil without vegetal cover ; SJPp= soil under P. phaseoloïdes fallow ; nd=not determined 
3.1.4 Chlorophyll content of young plants according to substrates 
Figure 6 also provides information on the chlorophyll content index. The average values of chlorophyll content indices varied from 17.55 ± 4.44 to 22.75 ± 5.57 SPAD for all substrates. The Student-Newman-Keuls test of the four substrates according to this physiological parameter detected two significantly different groups. A group of substrates BCPp, CrPPpPM and SCPp whose plants recorded similar and higher chlorophyll content indices: 22.75 ± 0.88, 22.18 ± 0.97 and 21.51 ± 1.04 SPAD, respectively. A group formed of the CrP substrate whose plants had an average chlorophyll content index equal to 17.55 ± 4.44 SPAD. 
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SCPp= coconut stem sawdust + P. phaseoloïdes ; CrPPpPM=pig manure + P. phaseoloïdes + P. maximum ; BCPp=coconut coir+ P. phaseoloïdes ; CrP=pig manure 
Fig.6. Foliar chlorophyll content of Artemisia annua according to substrate type 
3.1.5 Principal component analysis of growth and physiological parameters evaluated on young plants according to substrate 
The studied variables were distributed on the biplot formed by axes 1 and 2, according to their respective contributions (Figure. 7). Collar diameter (DC), chlorophyll content (T.Chlo), leaf length (Lf) and plant height are correlated with axis 1, which explains 75.4% of the variance. The substrates associated with this axis are CrP, CrPPpPM, BCPp and SCPp (Figure 8). Number of leaves is correlated with axis 2, which explains 22.5% of the variance (Figure 7). The substrates associated with this axis are CrPPpPM, SCPp and BCPp (Figure 8). 
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Nf : number of leaves, Dc : collar diameter, T.Chlo : chlorophyll content, Lf : leaf length 
Fig. 7. Correlation circle from PCA showing the representativeness of the studied variables in the plane formed by axes 1 and 2. 
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SCPp : coconut stem sawdust + P. phaseoloïdes ; CrPPpPM : pig manure + P. phaseoloïdes + P. maximum ; BCPp : coconut coir+ P. phaseoloïdes ; CrP : pig manure
 Fig. 8. Principal component analysis of the studied variables on Artemisia annua according to substrate 
3.2 Discussion 
The germination test on the two types of seeds allowed us to observe that the seeds sown three years after harvest did not germinate. This suggests that these seeds have lost their germination power. This state of affairs would be due to environmental conservation conditions (high temperature and relative humidity). Indeed, La Maison d’Artemisia (2020) states that seeds produced in tropical conditions rapidly lose their germination power one year after harvest. Also, the germination rate is extremely variable depending on the origin of the seeds, conservation conditions and the environment (La Maison d’Artemisia, 2020). This physiological dysfunction is due to the fact that the combination of high temperatures and high humidity amplifies the harmful effects on seeds. These conditions create an environment conducive to increased respiration of seeds, which depletes their energy reserves more quickly than in dry and cool conditions (Villeneuve, 1991). As a result, seeds lose their germination potential much faster. The analyses revealed that the nature of the substrate influenced the germination rate and average germination time. Indeed, compost-derived substrates showed the highest germination rates and germination speeds of A. annua seeds compared to SO and SJPp. The sowing of A. annua seeds on the 4 compost substrates showed that the germination time of the seeds was three days after sowing. The germination time of A. annua seeds obtained was similar to that reported by Sounon et al. (2009) and Mounkaila et al. (2015). The high germination rates recorded on compost substrates would be due to their physicochemical characteristics, especially their water retention capacity, which allowed the substrates to maintain sufficient moisture (Koumbem et al. 2022) for breaking seed dormancy. The moisture of the seeds would have contributed to the imbition of the seed tissues, thus favoring the hydrolysis and degradation of reserve tissues into simple forms assimilable by the embryo for its development. Benmahioul et al. (2010) and Haba et al. (2021) mentioned, in the context of studying factors influencing the germination of Pistacia vera L and Garcinia mangostana L seeds, that the germination rate of freshest, wettest seeds was higher (80%). Just like A. annua, these two plants are dicotyledons and Garcinia mangostana has medicinal properties. The comparative study of plant growth, which reflects their nutritional status, showed that the BCPp and CrPPpPM substrates are more suitable for the production of A. annua plants. The chlorophyll content index is significantly high at the level of the BCPp, SCPp and CrPPpPM composts, indicating good nitrogen absorption by the plants of these substrates (Goffart et al. 2013). In other words, chlorophyll content is an indicator allowing judgment of the plant's nitrogen status or the level of nitrogen fertility of the substrate (Lafarge and Hammer 2002). These results are comparable to those of Alessena et al. (2015), Akhter et al. (2016) and Ben et al. (2016) who showed that chlorophyll content is correlated with the amount of nitrogen in the plant. The same observation was made in this study which highlights a positive correlation of chlorophyll content with collar diameter (0.660), height (0.579) and leaf length (0.579) (Table 8). Nitrogen is the growth element and plays an essential role in photosynthetic activity. These results can be explained by the physicochemical characteristics of the composts. Indeed, the mineral composition and relative humidity of the substrate would be responsible for the good growth and development of the plants. In terms of mineral nutrition, these substrates released easily assimilable and available nitrogen compounds for the plants. Similarly, the open-air nursery and the greenhouse nursery promoted plant growth more than the palm shade nursery. The type of nursery had an effect on height, collar diameter, number, and leaf length. Indeed, across all evaluated parameters, the plants in the open-air nursery presented higher values for height (6 ± 0.52 cm), collar diameter (2.45 ± 0.85 mm), number (18.59 ± 0.44) and leaf length (10.90 ± 0.28 cm) compared to plants in the greenhouse and under shade. Indeed, the open-air nursery was characterized by a relative humidity of 67.09 %, the highest, and an average temperature of 26.94 °C close to the optimal temperature (25 °C) (La Maison d’Artemisia 2020). Conversely, the temperatures and relative humidities under greenhouse and under shade were 28.10 °C and 28.08 °C and 66 % and 62.72 %, respectively, estimated as relatively excessive (Pradat 2022) and probably unfavorable to plant growth. The result obtained is contrary to that of Kouakou (2009) who found that greenhouse and shade conditions would be more favorable to the cultivation of Eremospatha macrocarpa cuttings.

4 CONCLUSION 
The study evaluated the factors of germination and growth of A. annua plants in order to improve the production of plant material for the Ivorian coastal zone. Compost substrates led to high seed germination rates and short average germination times. The chlorophyll content of the leaves was related to the rapid growth of the plants, preferably in the open-air nursery. Based on these results, compost and the open-air nursery are recommended for the production of A. annua plant material for the cultivation of the species and the fight against malaria in Côte d'Ivoire. However, the results obtained from the study should be confirmed in experimental planting before their dissemination.
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