Agromorphological and technological characterization of two type of Pepper (Piper nigrum) in Côte d’Ivoire

Abstract
Black pepper (Piper nigrum) is one of the most consumed spices in the world. This study aims to characterise pepper varieties installed in collections. Four (4) Lampong clones (C1, C2, C3 and C4) and two (2) Muntok clones (C1 and C3) from the CNRA (National Agronomic Research Center) pepper collections in Divo and Azaguié, were characterised agromorphologically and technologically. The data collected covered 19 qualitative traits and ten (10) quantitative traits such as mature leaf color, ripe fruit color, ear filling, lateral branch behavior, ear length, number of grains per ear, fresh/dry grain diameter, grain weight, water content and density. In general, the Muntok were characterised by short spikes with an average of 58.98 berries/spike, large berries with 6.48 mm and 4.53 mm in diameter, respectively for fresh and dry grains, a dark green color at maturity and compact. As for the Lampong, they were characterised by long spikes with 10.79 cm, small light green berries at maturity and scattered or moderately scattered on the spike. These results, although preliminary, constitute a working basis for the genetic improvement of pepper in Côte d'Ivoire.
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[bookmark: _Toc117079445]Introduction
[bookmark: _Toc117079467]Pepper (Piper nigrum) is a climbing, perennial, woody plant (Nair et al., 2003; Kurien et al., 1994). Black pepper is the most widely cultivated species with more than 450,000 tons per year (Weil, 2018; Jaramillo & Manos, 2001; Ramos et al., 1986). It is known as the king of spices due to its multifaceted use and distinctive aroma (Scott et al., 2005; Srinivasan, 2007; Kumar & Vinay, 2017; Sivaraman et al., 1999; Scott et al., 2008). 
However, in Côte d'Ivoire, unlike other perennial crops such as coffee and cocoa, pepper has so far benefited from very few development programs, thus limiting its production to a handful of producers (FIRCA, 2017).
Faced with this situation, a pepper industry development program was implemented in Côte d'Ivoire. In this context, the existence of a pepper collection with a broad genetic base is essential for developing new, high-performance varieties with traits of agronomic and technological interest. This study therefore, aims to determine the distinctive phenotypic traits of the Muntok and Lampong types available in the CNRA collections in Divo and Azaguié. Specifically, the aim will be to determine the morphological traits of the Muntok and Lampong types in the collections.
Material and Methods
Study Site
The study was conducted within the pepper collections installed at the Azaguié and Divo stations. The CNRA station at Azaguié is located between 5°38 north latitude and 4°05 west longitude, 7 km from the town of Azaguié and 50 km north of Abidjan (Figure 1). The vegetation is dense with sandy-clay soil (Lassoudière et al., 1978), suitable for pepper plants. Over the course of a year, the average temperature is 25.5°C and rainfall averages 1814 mm. The CNRA Divo research station is located 200 km from Abidjan and 17 km from the city of Divo in a forest area in the south-central part of the country, between 5°48° north latitudes and 5°18° west longitudes. It covers an area of 3,570 ha (Figure 2). Rainfall in this area averages 1,388 mm per year, while the average temperature is around 25.3°C and humidity is relatively high, with humidity levels sometimes exceeding 80% (Ehounou et al., 2019).
Figure 1. Geographical location of the CNRA station in Azaguié











[bookmark: _Toc117079511]Figure 2. Geographical location of the CNRA station in Divo











Plant material
The plant material consists of six (6) pepper (Piper nigrum) clones, four (4) of which belong to the Lampong type or variety (C1, C2, C3 and C4) (Figure 3A) and two (2) to the Muntok variety (C1 and C3) (Figure 3B).
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[bookmark: _Toc117079512]Fig 3 : Lampong (A) and Muntok (B)


Agromorphological Data Collection

Leaf Length and Width
Length and width measurements were taken from the second leaf of plagiotropic branches. Twenty (20) leaves were randomly sampled from each plant. The length of a given leaf was measured from the base of the main vein to the tip of the leaf. Leaf width was measured at the widest part of the leaf.
Leaf Area
Leaf area was calculated using the formula:
Leaf Area = Length x Width x K (where K = 0.75 for unfolded leaves). 
Length of the ear (also called cluster)
Ear length was measured from the base of the ear to the tip of the ear, on ten (10) ears of approximately the same physiological age, chosen at random per plant.
Number of berries per ear
The berries were counted on ten (10) ears of approximately the same physiological age, randomly selected from each of the plants evaluated. Each ear was deseeded before counting the berries.
Grain diameters 
Grain diameters were measured using a caliper on twenty (20) mature berries and twenty (20) grains randomly sampled.
Fresh Berry Weight
A batch of 100 mature berries was randomly sampled from different ears of each clone. The berries were weighed using a precision balance.
Weight of black grains and white grains
Batches of 100 black grains and 100 white grains were weighed using a precision balance.
Water Content Measurement
Water content is the amount of water expressed as a percentage by mass.
The content was calculated as follows: 
[bookmark: _Toc117079480]Water content (W) = (Fresh weight - dry weight) / dry weight.
Density Measurement
This involved weighing the quantity of black peppercorns needed to fill a 1000 ml container. Due to the quantity of our samples, a 100 ml container was used and the results were converted to l/g (1000 ml/g) (CTHT protocol..
Leaf blade shape 
Leaf blade shape was assessed by visual observations of twenty (20) mature leaves collected at random from plagiotropic branches of each plant. Leaf blade shape was scored as follows:
- ovate, ovoid in shape with the widest axis below the midpoint;
- ovate-lanceolate, elongated, oval in shape that tapers to a point;
- ovate-elliptical, oval in shape but with the widest axis at the midpoint;
- elliptical-lanceolate, elliptical in shape at the base with a narrow, pointed tip;
- cordate, heart-shaped, with rounded lobes at the base.
Leaf tip
The leaf tip was assessed as sharp or rounded.
Leaf Base Shape
The shape of the leaf base was recorded as rounded (margins forming a smooth arc), cordate (rounded lobes with a sinus depth 1/8 to 1/4 of the distance from the main vein of the leaf blade), oblique (asymmetrical lobes each forming a different angle with the petiole), or acute (straight to convex margin forming a terminal angle of 45° to 90°).
Leaf Surface
The leaf surface has been characterized as smooth, smooth-shiny, glabrous (hairless), or hairy.
Leaf Vein Types
The vein types have been characterized as:
-Acrodromous, the secondary veins curve in an arc to converge towards the tip of the leaf blade, they curve towards the leaf apex.
-Campylodromous, the leaf has a series of more or less equal main veins that all originate from the base of the leaf, arch upwards, and converge towards the apex;
-amptodromous, the leaf has secondary veins that diverge from the main vein and end before the leaf margin, curving.
Spike shape
The shape of the spikes has been characterized as filiform, cylindrical, globular, or conical.
Ear Fill
Ear fill was characterized as scattered, moderately scattered, or compact, depending on the ear's berry filling.
Flower Type
Flowers have been characterized as pedicellate, shortly stipulate, or sessile.
Fruit Shape
The shape of the berries was recorded as round, oval, or oblong.
Seed Texture
Seed texture was assessed as smooth or rough.
Nature of the fruit
The fruits were characterized as pedicellate, shortly stipulated, or sessile.
Behavior of side branches
Lateral branch behavior was recorded as erect, horizontal, or pendulous.
[bookmark: _Toc117079481]Organ Color
The color of the juvenile leaf, mature leaf, flower, young fruit, mature fruit, young stems, and mature stems was determined.
Data analysis
[bookmark: _Toc117079482]Given the uniformity of qualitative data across varieties, data analysis was conducted using the descriptive (observational) method. Quantitative data were subjected to analysis of variance (ANOVA) to compare clones for each variable. These data were previously tested for normality (Jacques Bera test) and homogeneity of variance (Fisher and Levene test). Significantly different means were separated using the Newman-Keuls test at the 5% threshold to classify clones and varieties into homogeneous groups. These data were also subjected to Principal Component Analysis (PCA) and Hierarchical Ascending Clustering (HAC) under the condition of Bartlett's 5% sphericity test, to classify clones based on all variables. The data were analyzed using SAS 9.4 and XLSTAT 2014 software.
Results 
Observation of qualitative morphological traits showed a lack of variability for all traits, except for mature leaf color, ear fill, ripe berry color, and lateral branch behaviour. For ripe berry color, the Lampong variety had light green fruits, and the Muntok variety had dark green fruits. Regarding ear fill, the Lampong variety had scattered or moderately scattered berries, while the Muntok variety had compact berries. Regarding lateral branch behavior, the Lampong variety had horizontal branches, while the Muntok variety had pendulous branches. Regarding leaf color, all clones of the different varieties were dark green, with the exception of clone C3 of the Lampong variety, which was dark green with small yellow spots (Table 1).
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Table 1. Qualitative characteristics of the Muntok and Lampong varieties from the Azaguié and Divo collections
	Localities
	Azaguié
	Divo

	Varieties
	Lampong
	Muntok
	Muntok

	Clones
	C1
	C2
	C3
	C4
	C1
	C1
	C3

	Limb shape
	oval elliptical
	oval elliptical
	oval elliptical
	oval elliptical
	oval elliptical
	oval elliptical
	oval elliptical

	Leaf tip
	acute
	acute
	acute
	acute
	acute
	acute
	acute

	Leaf base shape
	round
	round
	round
	round
	round
	round
	round

	Leaf surface
	smooth
	smooth
	smooth
	smooth
	smooth
	smooth
	smooth

	Leaf veins
	camptodromous
	camptodromous
	camptodromous
	camptodromous
	camptodromous
	camptodromous
	camptodromous

	Juvenile leaf color
	greenish-yellow
	greenish-yellow
	yellow-green
	greenish-yellow
	greenish-yellow
	greenish-yellow
	greenish-yellow

	Mature leaf color
	dark green
	dark green
	dark green mottled
	dark green
	dark green
	dark green
	dark green

	Shape of the ear
	filiform
	filiform
	filiform
	filiform
	filiform
	filiform
	filiform

	Nature of the flower
	sessile
	sessile
	sessile
	sessile
	sessile
	sessile
	sessile

	Flower color
	greenish-yellow
	greenish-yellow
	yellow-greenish
	greenish-yellow
	greenish-yellow
	greenish-yellow
	greenish-yellow

	Nature of the fruit
	sessile
	sessile
	sessile
	sessile
	sessile
	sessile
	sessile

	Fruit shape
	round
	round
	round
	round
	round
	round
	round

	Seed texture
	smooth
	smooth
	smooth
	smooth
	smooth
	smooth
	smooth

	Ear fill
	moderately scattered
	moderately scattered
	moderately scattered
	scattered
	compact
	compact
	compact

	Color of young berries
	light green
	light green
	light green
	light green
	light green
	light green
	light green

	Color of ripe berries
	light green
	light green
	light green
	light green
	dark green
	dark green
	dark green

	Lateral branch behavior
	horizontal
	horizontal
	horizontal
	horizontal
	pendulous
	pendulous
	pendulous

	Color of young stems
	green
	green
	green
	green
	green
	green
	green

	Color of ripe stems
	brown
	brown
	brown
	brown
	brown
	brown
	brown



• Morphological characterisation of the Muntok and Lampong varieties of Azaguié
Analysis of variance showed a significant difference between the two varieties for all the characteristics studied. With the exception of the "ear length" characteristic, where the Lampong variety had the highest value with 10.79 cm, for all other variables, the Muntok variety had the highest values. Thus, for the Muntok variety, 58.98 berries per ear, 6.48 mm fresh grain diameter, 4.53 mm dry grain diameter, 14.94 cm leaf length, 8.15 cm leaf width and 92.58 cm² leaf area were recorded (Table 2).

Table 2: Quantitative morphological characteristics of the Muntok and Lampong varieties of Azaguié
	Varieties
	Lepi
	NGrepi
	DGr frais
	DGr sec
	LF
	lF
	SF

	Lampong
	10,79a
	53,99b
	5,65b
	3,73b
	12,56b
	6,97b
	66,64b

	Muntok
	9,28b
	58,98a
	6,48a
	4,53a
	14,94a
	8,15a
	92,58a

	Mean
	10,4
	54,84
	5,87
	3,94
	13,18
	7,28
	73,33

	Cv (%)
	15,52
	20,81
	8,95
	11,84
	14,64
	41,5
	43,87

	F
	51,8
	14,2
	216,71
	259,67
	179,26
	18,19
	77,2

	P
	<0,0001
	0,0002
	<0,0001
	<0,0001
	<0,0001
	<0,0001
	<0,0001


Lepi = length of the ear; NGrepi = number of grains per ear; DGr = grain diameter; LF= leaf length ; lF = sheet width ; SF = Leaf area. Means followed by the same letters in the same column are not significantly different at the 5% level.

• Morphological characterization of the Muntok varieties of Divo and Azaguié
[bookmark: _Toc117079520]Analysis of variance showed a significant difference between the two zones (Azaguié and Divo) for the character’s number of berries per spike, fresh grain diameter, dry grain diameter and leaf width as well as homogeneity for the character’s length of the spike, length of the leaf and leaf area. With the exception of the character number of berries per spike, where the Muntok variety from Divo had the highest value with 65.75 grains, for all other significant variables, the Muntok variety from Azaguié had the highest values. Thus, it obtained 6.48 mm for the diameter of fresh grains; 4.53 mm for the diameter of dry grains and 8.15 cm for the width of the leaves (Table 3).

Table 3. Quantitative morphological characteristics of the Muntok varieties of Divo and Azaguié
	Varieties
	Lepi
	NGrepi
	DGr frais
	DGr sec
	LF
	lF
	SF

	Muntok Divo
	9,5a
	65,75a
	5,96b
	4,08b
	15,2a
	7,7b
	89,44a

	Muntok Azaguié
	9,28a
	58,98b
	6,48a
	4,53a
	14,94a
	8,15a
	92,58a

	Mean
	9,41
	62,74
	6,19
	4,28
	15,08
	7,9
	90,84

	Cv (%)
	14,2
	19,85
	9,6
	10,38
	15,85
	15,84
	29,3

	F
	1,41
	13,14
	51,4
	69,4
	1,1
	11,76
	1,24

	P
	0,24
	0,0004
	<0,0001
	<0,0001
	0,3
	0,0007
	0,27


Lepi = length of the ear ; NGrepi = number of grains per ear ; DGr = grain diameter ; LF= leaf length ; lF = sheet width ; SF = leaf area. Means followed by the same letters in the same column are not significantly different at the 5% level.

• Study of the morphological characteristics of clones C1, C2, C3 and C4 of the Lampong variety from Azaguié
Analyses of variance showed that the clones were significantly different for the traits ear length, fresh grain diameter, dry grain diameter, leaf width, leaf length, and leaf area, and were homogeneous for the trait number of berries per ear.
For ear length, clones C1 (11.21 cm) and C4 (11.41 cm) had the highest values, while clone C2 had the lowest value, at 10.17 cm. For fresh grain diameter, clone C4 (5.98 mm) had the highest value, while clone C2 had the lowest value, at 5.29 mm. For dry grain diameter, clones C3 (3.92 mm) and C4 (4 mm) had the highest values, while clone C2 had the lowest value, at 3.3 mm. Regarding leaf length, clone C1 with 13.59 cm had the highest value, while clones C2 with 12.27 cm and C3 with 12.01 cm had the smallest value. For leaf width, clone C4 with 7.87 cm had the highest value, while clone C3 with 6.4 cm had the smallest value. Regarding leaf area, clones C1 with 75.02 cm² and C4 with 77.37 cm² had the largest values, while clone C3 had the smallest value with 58.23 cm² (Table 4).







Table 4: Quantitative morphological characteristics of clones C1, C2, C3 and C4 of the Lampong variety from Azaguié
	Clones
	Lepi
	NGrepi
	DGr frais
	DGr sec
	LF
	lF
	SF

	C1
	11,21a
	52,39a
	5,63c
	3,77b
	13,59a
	7,22ab
	75,02a

	C2
	10,17b
	53,94a
	5,29d
	3,3c
	12,27c
	7,17ab
	66,90ab

	C3
	10,77ab
	54,78a
	5,81b
	3,92a
	12,01c
	6,4b
	58,23b

	C4
	11,41a
	49,9a
	5,98a
	4a
	13,11ab
	7,87a
	77,37a

	Mean
	10,79
	53,4
	5,66
	3,74
	12,54
	6,98
	66,64

	Cv (%)
	14,35
	19,85
	7,78
	9,85
	12,81
	48,88
	50,21

	F
	6,06
	1,87
	34,35
	61,2
	24,35
	3,37
	7,94

	P
	0,0006
	0,13
	<0,0001
	<0,0001
	<0,0001
	0,019
	<0,001


Lepi = length of the ear; NGrepi = number of grains per ear; DGr = grain diameter; LF= leaf length ; lF = sheet width ; SF = Leaf area. Means followed by the same letters in the same column are not significantly different at the 5% level.

Morphological Characteristics of Clones C1 and C3 of the Muntok de Divo Variety
Analysis of variance showed a significant difference between the two clones of the Muntok de Divo variety for the traits number of berries per spike, fresh grain diameter, and dry grain diameter. However, it showed homogeneity for the traits spike length, leaf length, leaf width, and leaf area. For all significant traits, clone C1 obtained the highest values. Thus, it had 65.75 grains per spike, 5.95 mm for the fresh grain diameter, and 4.74 mm for the dry grain diameter (Table 5).

[bookmark: _Toc117079523]Table 5 : Quantitative morphological characteristics of clones C1 and C3 of the Muntok variety from Divo
	 Clones
	Lepi
	NGrepi
	DGr frais
	DGr sec
	LF
	lF
	SF

	C1
	9,52a
	65,75a
	5,95a
	4,74a
	15,2a
	7,7a
	89,44a

	C3
	9,36a
	61b
	5,37b
	4,41b
	15,39a
	7,86a
	92,56a

	Mean
	9,47
	64,39
	5,79
	4,65
	15,26
	7,75
	90,33

	Cv (%)
	10,68
	16,97
	9,78
	12,25
	15,03
	18,18
	31,97

	F
	0,68
	5,42
	46,06
	13,82
	0,39
	0,78
	0,67

	P
	0,41
	0,02
	<0,0001
	0,0003
	0,53
	0,038
	0,42


[bookmark: _Toc117079487]Lepi = length of the ear ; NGrepi = number of grains per ear ; DGr = grain diameter ; LF= leaf length ; lF = sheet width ; SF = leaf area. 


Grain Weight
Study of the technological characteristics of the Muntok and Lampong varieties from Azaguié
The analysis of variance showed homogeneity between the two varieties for all the technological characteristics studied. The average fresh grain weight was 12.73 g, that of black grains 4.35 g, that of white grains 3.06 g and the water content 1.99% (Table 6).
Table 6: Technological characteristics of the Muntok and Lampong varieties from Azaguié
	Varieties
	pgrf
	pgrn
	pgrb
	teneau

	Lampong
	12,59a
	4,27a
	3,033a
	2,01a

	Muntok
	13,16a
	4,60a
	3,14a
	1,94a

	Mean
	12,73
	4,35
	3,06
	1,99

	Cv (%)
	14,24
	20,93
	24,76
	21,74

	F
	0,59
	0,81
	0,12
	0,14

	P
	0,44
	0,38
	0,73
	0,71





	
Lepi = length of the ear; NGrepi = number of grains per ear; DGr = grain diameter; LF= leaf length; lF = sheet width; SF = leaf area

Study of the technological traits of the Muntok de Divo and Azaguié varieties
Analysis of variance showed a significant difference between the varieties for all the traits studied. Apart from the moisture content trait, where the Muntok d'Azaguié variety had the highest value at 1.61%, for all other variables, the Muntok de Divo variety had the highest values. Thus, it obtained 14.7 g for the weight of its fresh berries; 5.65 g for the weight of its black peppercorns; and 4.86 g for the weight of its white pepper (Table 7). 







[bookmark: _Toc117079525]Table 7: Technological characteristics of the Muntok varieties of Divo and Azaguié

	Varieties
	pgrf
	pgrn
	pgrb
	teneau

	Muntok Divo
	14,7a
	5,65a
	4,86a
	1,61b

	Muntok Azaguié
	13,16b
	4,60b
	3,14b
	1,94a

	Mean
	14,02
	5,19
	4,09
	1,76

	Cv (%)
	8,35
	14,04
	10,68
	18,85

	F
	7,67
	9,24
	68,47
	4,5

	P
	0,01
	0,008
	<0,0001
	0,05









pgrf: fresh grain weight; pgrn: black grain weight; pgrb: white grain weight; teneau: water content. Means followed by the same letters in the same column are not significantly different at the 5% threshold.

Study of the technological traits of the clones
Analysis of variance showed a significant difference between the Lampong clones for fresh grain weight, black grain weight, and white grain weight. However, it showed homogeneity among the four clones for the water content trait. Thus, for the fresh grain weight trait, clones C1 with 13.68 g, C3 with 13.16 g, and C4 with 13.45 g, had the highest values. Clone C2 had the lowest value at 10.41 g. For the black grain weight trait, clones C1 with 4.55 g and C3 with 4.73 g had the highest values. Clone C2 also obtained the lowest value at 3.35 g. For the white grain weight trait, clone C3 had the highest value at 3.63 g and clone C2 the lowest at 2.21 g (Table 8).









Table 8. Technological characteristics of clones C1, C2, C3 and C4 of the Lampong variety from Azaguié
	Clones
	pgrf
	pgrn
	pgrb
	teneau

	C1
	13,68a
	4,55a
	2,98ab
	2,03a

	C2
	10,41b
	3,35b
	2,21b
	2,2a

	C3
	13,16a
	4,73a
	3,63a
	1,81a

	C4
	13,45a
	4,26ab
	2,98ab
	2,16a

	Mean
	12,59
	4,27
	3,03
	2,01

	Cv (%)
	11,8
	16,65
	19,2
	21,03

	F
	5,99
	4,9
	7,21
	1,22

	P
	0,0047
	0,01
	0,002
	0,33


pgrf: fresh grain weight; pgrn: black grain weight; pgrb: white grain weight; teneau: water content. Means followed by the same letters in the same column are not significantly different at the 5% threshold

[bookmark: _Toc117079524]As for the Muntok de Divo clones, the analysis showed no significant differences for any of the traits studied. The average fresh grain weight was 14.5 g, the average black grain weight was 5.56 g, the average white grain weight was 4.76 g, and the average moisture content was 1.63% (Table 9).
[bookmark: _Toc117079527]Table 9: Technological characteristics of the C1 and C3 clones of the Muntok variety from Divo
	Clones
	pgrf
	pgrn
	pgrb
	teneau

	C1
	14,7a
	5,65a
	4,85a
	1,69a

	C3
	14a
	5,32a
	4,53a
	1,61a

	Mean
	14,5
	5,56
	4,76
	1,63

	Cv (%)
	6,33
	9,86
	3,22
	19,06

	F
	1,66
	1,09
	13,07
	0,22

	P
	0,22
	0,32
	0,4
	0,65








pgrf: fresh grain weight; pgrn: black grain weight; pgrb: white grain weight; teneau: water content. Means followed by the same letters in the same column are not significantly different at the 5% threshold.

[bookmark: _Toc117079491]Water content ranged from 1.61 to 2.2%, with a mean of 1.92% and a standard deviation of 0.23. Clone C2 of the Lampong d'Azaguié variety obtained the highest content, and clone C3 of the Muntok de Divo variety obtained the lowest content (Figure 4).
Density ranged from 528.63 g/L to 758 g/L, with a mean of 636.60 g/L and a standard deviation of 68.88 g/L. Clone C1 of Muntok de Divo obtained the highest content, while clone C2 of Lampong d'Azaguié obtained the lowest content (Figure. 5).

 
[bookmark: _Toc117079516]Fig 4: Water content of clones
MDC1= Clone C1 of Muntok de Divo ; MDC3=Clone C3 of Muntok of Divo ; MAC1= Clone C1 of Muntok d’Azaguié ; LAC1= Clone C1 of Lampong d’Azaguié ; LAC2= Clone C2 of Lampong d’Azaguié ; LAC3= Clone C3 of Lampong of Azaguié ; LAC4= Clone C1 of Lampong d’Azaguié



[bookmark: _Toc117079517]Fig 5: Density of clones
MDC1= Clone C1 of Muntok de Divo ; MDC3=Clone C3 of Muntok of Divo ; MAC1= Clone C1 of Muntok d’Azaguié ; LAC1= Clone C1 of Lampong d’Azaguié ; LAC2= Clone C2 of Lampong d’Azaguié ; LAC3= Clone C3 of Lampong of Azaguié ; LAC4= Clone C1 of Lampong d’Azaguié. 

[bookmark: _Toc117079493]Structuring clones based on morphological and technological traits
Choice of axes for Principal Component Analysis and contribution of variables to the formation of factorial axes
The information returned by the two axes selected by the Principal Component Analysis of clones represented 81.15% (Table 10). All variables were well represented on the F1 axis (64.52%), with the exception of fresh grain diameter and leaf width. However, only leaf width was well represented on the F2 axis (16.63%) (Table 11).
[bookmark: _Toc117079528]Table 10: Eigenvalue and percentage of variability explained by the factor axes of the Principal Component Analysis
	 
	F1
	F2
	F3
	F4
	F5
	F6

	Eigenvalue
	7,097
	1,830
	1,266
	0,686
	0,076
	0,045

	Variability (%)
	64,519
	16,633
	11,513
	6,235
	0,690
	0,410

	Total (%)
	64,519
	81,152
	92,665
	98,900
	99,590
	100,000




[bookmark: _Toc117079529]Table 11: Factorial coordinates of variables
	 
	F1
	F2
	F3
	F4
	F5
	F6

	longepi
	-0,699
	-0,208
	0,606
	-0,300
	0,034
	0,096

	nbgrain
	0,871
	-0,133
	-0,386
	0,209
	0,015
	0,174

	dgrainf
	0,366
	0,408
	0,618
	0,563
	-0,019
	0,011

	dgrains
	0,965
	0,065
	0,200
	0,134
	0,076
	-0,035

	Longueur
	0,921
	0,287
	-0,100
	-0,197
	-0,140
	0,012

	largeur
	0,569
	0,774
	0,030
	-0,240
	0,138
	0,002

	sfoliair
	0,836
	0,500
	-0,075
	-0,208
	-0,049
	-0,004

	pgrf
	0,782
	-0,254
	0,519
	-0,226
	-0,063
	0,013

	pgrs
	0,903
	-0,379
	0,182
	-0,078
	-0,038
	-0,013

	pgrb
	0,875
	-0,451
	-0,014
	-0,091
	0,147
	-0,015

	teneau
	-0,849
	0,506
	0,094
	-0,108
	0,012
	0,059


In bold the maximum factorial coordinate of each variable.
Structuration of clones
The Hierarchical Ascending Classification (HAC) on the components of the Principal Component Analysis (PCA) made it possible to highlight three classes of clones. The first class consists of clones C1 and C4 of the Lampong variety from Azaguié. The clones of this class are characterized by long ears and large leaves. The second class consists of clones C2 and C3, themselves belonging to the Lampong variety from Azaguié. This class presented individuals with medium clusters, large berries and small leaves. The last class consists of the three Muntok clones from Divo and Azaguié. These clones were characterized by short ears, numerous grains and large berries (Figure 6).
Fig 6: Dendrogram of pepper clones based on morphological and technological characteristics









Discussion
This study focused on the agro-morphological and technological evaluation of pepper plants in Côte d'Ivoire. The results of this study showed that the qualitative morphological traits were almost identical for the two varieties studied, with the exception of ripe berry color, ear filling, lateral branch behavior, and leaf color. The Muntok variety had dark green berries, while the Lampong variety had light green berries. Berry color distinction is a key diagnostic factor for identifying the two varieties. Observation of the ear revealed compact berries in the Muntok variety and scattered or moderately scattered berries in the Lampong variety. The Muntok and Lampong varieties were identified using this trait. Another important diagnostic factor was the behavior of the lateral branches (Ahmad et al., 2012). The Muntok variety had drooping branches, and the Lampong variety had horizontal branches. These data are consistent with the results of Maistre (1964) and Borget (1991) who described some characteristics of the Muntok and Lampong varieties.
In the Muntok varieties of Azaguié and Divo (clone C1), all the traits presented the same modalities. This could be explained by the fact that qualitative traits are little influenced by the environment (Andersson et al., 2006). Within the Lampong variety, clone C3 presented all the traits of Lampong with the addition of small yellow spots on its leaves. This was the case for the Lampong variety from Cambodia which was described with spotted leaves (Escap, 2017). The analyses showed that the Lampong variety had a longer spike than that of the Muntok variety. However, the Muntok variety had higher values for the traits number of grains per spike, fresh grain diameter, dry grain diameter, leaf length, leaf width and leaf area. Our results are consistent with those of Maistre (1964) and Borget (1991), who described Muntok and Lampong types in their work. According to these authors, the Lampong variety has long, irregularly arranged clusters of small peppercorns, and the Muntok variety has short clusters with large, regular peppercorns on the spike. According to Bermawie et al. (2019) and Krishnamurthy et al. (2010), the higher the percentage of hermaphrodite flowers, the higher the number of fruits. It is possible that the Muntok variety has a higher percentage of hermaphrodite flowers, which would explain why its spikes are full of fruits. Failure of fruit set (incorrect ear filling) or failure of ovules to develop in pepper varieties has been associated with insufficient pollination, unfertilized ovaries or imperfect fertilization, loss of stigma receptivity before pollination, either individually or by a combination of these factors (Satheeshan, 2000; Parthasarathy et al., 2007). This could explain the number of fruits and their dispersion on the ear in the Lampong variety.
Analysis of the quantitative morphological characteristics of the Muntok variety showed a significant difference between the Divo and Azaguié areas with regard to the number of grains per spike and grain diameter. The number of fruits per spike was higher in Divo than in Azaguié while the fruit diameter was higher in Azaguié than in Divo. These differences can be attributed to environmental conditions according to the work of Bermawie et al., 2019. Continuous droughts, heavy or irregular rainfall can reduce pollination, affect crop physiology, and also lead to either intensive berry loss or failure of fruit set (Krishnamurthy et al., 2016). Thus, the abundance of rainfall in Azaguié could influence fruit set in the Muntok variety. Moreover, according to Ibrahim et al. (1985), fruit number is more sensitive to changes in environmental conditions than ear length. Berries are larger when the pepper plant is planted on irrigated land (Krishnamurthy et al., 2010). This likely explains the large berry diameter in Azaguié. Indeed, Azaguié is agroecologically wetter than Divo.
The results showed that clone C3 had small leaves. This trait is contrary to the characteristics of the Indonesian Lampong variety described by Maistre (1964), who presented this variety with large leaves. However, clone C3 shares the same characteristics as the Cambodian Lampong variety. This variety has small, spotted leaves, medium clusters, and less dispersed berries that are larger than the average Lampong variety (ESCAP, 2017). The analyses conducted in this study showed that qualitative traits are more effective in distinguishing the two (2) varieties than quantitative traits. This is supported by Khan et al. (2015), Olakojo & Adetula (2014) and Stephan et al. (2016).
The results showed a significant difference between the Muntok varieties from Divo and Azaguié for all the traits studied. Apart from the water content trait which was higher in Azaguié, for all other variables, the Muntok variety from Divo had the highest values. The high weight values in Divo could probably be explained by the adaptation of the Muntok variety to the environmental conditions of Divo (cultivated for about 60 years). However, the same variety has only been cultivated for about 16 years in Azaguié. Our results are in agreement with those of Bermawie et al. (2019). Kandiannan et al. (2007) also showed that weight is influenced by many factors, including soil fertility, cultural practices and crop age.
[bookmark: _Toc117079503]The results showed that the moisture content ranged from 1.61 to 2.2%, with an average of 1.92%. According to Afnor (1999), the maximum desirable moisture content for black pepper is 13%. The low moisture content of the clones in this study ensures good preservation and prevents the growth of mold, yeast, and bacteria.
The results showed that the density ranged from 528.63 g/l to 758 g/l, with an average of 636.60 g/l. According to Afnor (1999), the minimum acceptable density for black pepper is 490 g/l. The values ​​obtained for all the clones studied exceeded the minimum limit for black pepper. The results of this study are above the ideal normative density for black pepper, which is 500 g/l.
Structuring the diversity of pepper clones based on their technological and morphological characteristics allowed us to identify three homogeneous groups. The results of the CAH are consistent with those of the biomolecular analysis. The first class was made up of clones C1 and C4 of the Lampong variety from Azaguié. The clones of this class were defined by long spikes, small grains and large leaves. They have the same characteristics as those described by Maistre (1964) and Borget (1991) who defined the standard characteristics of Lampong. The second class, made up of clones C2 and C3 of Lampong from Azaguié, presented individuals with medium clusters, large berries and small leaves. The pepper plants of this class have different characteristics from those highlighted by Maistre (1964) and Borget (1991). Nevertheless, they present characteristics of the Lampong described by Escap. (2017). The last class was made up of Muntok clones from Divo and Azaguié. These clones were characterized by short ears, numerous grains and large berries. These have the characteristics of the Muntok presented by Maistre (1964) and Borget (1991).
Conclusion 
This study highlighted the agromorphological and technological variability of pepper clones from the CNRA collections in Azaguié and Divo. The results highlighted the distinguishing traits of Lampong and Muntok.
Clones (C1 and C3) of the Muntok variety were characterized by short spikes and large, dark green berries when ripe, compact on the spike. Clone C3 also had small yellow spots on its leaves. Clones C1 and C4 of the Lampong variety had long spikes and small, light green berries when ripe, scattered or moderately scattered on the spike. Clones C2 and C3 of the Lampong variety had small leaves.
The results of this study, although preliminary, provide a working basis for launching a solid pepper breeding program in Côte d'Ivoire.
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[bookmark: _Hlk169520414]This manuscript is original because it constitutes one of the rare studies of phenotyping of Piper nigrum of breeding program in Côte d’Ivoire. The aim is to determine the agromorphological characteristics of the pepper selected of CNRA collection, with a view to a better appreciation of the genotypes presenting a genetic make-up and improvement of genetic characteristics. We found that two types of pepper are significantly different for specific agromorphological traits.
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Teneur en eau	
MDC1	MDC3	MAC1	LAC1	LAC2	LAC3	LAC4	1.69	1.61	1.94	2.0299999999999998	2.2000000000000002	1.81	2.16	Clones


Teneur en eau %




Densité	
MDC1	MDC3	MAC1	LAC1	LAC2	LAC3	LAC4	758	683	615.75	659.17	528.625	636	575.66999999999996	Clones


Densité en g/l
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