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ABSTRACT 9 
 10 
Cassava is generally grown by small farmers, with low technological input in terms of nutrient intake. 11 
The aim of this work was to study the impact of traditional farming practice and improved practices in 12 
the development of Cassava in the field. The study was carried on the three accessions locally called 13 
6 mois, Gabon and Togo. Data collection for the agronomical and morphological characterization of 14 
the accessions was made over a period of twelve months from 34 descriptors of Cassava. The 15 
analysis of variance revealed that the difference between the means of the circumferences was highly 16 
significant as well according to the accessions (p = 7.28e-06) and to the Cassava practice system (p = 17 
2e-16). The seedlings resulting from the improved practice have the largest diameter (2.88 ± 2.48). 18 
whereas the TFP (traditional farming practice) or PP plants have the mean diameter between (2.03 ± 19 
1.84). 20 
The heights of the plants considered according to cultural techniques show a significant difference (p = 21 
0.0075). Depending on the accessions, the difference is highly significant (P = 0.00074). Improved 22 
practice has resulted in taller plants in height compared to traditional farming practice. 23 
There is a highly significant difference (p = 0.000743) in relation to the number of leaves according to 24 
different accessions and not significant (p = 0.103) according to cultural practices. The 6 mois 25 
accession has a large number of leaves according to the practices. 26 
Each axis (composite variable) is a combination of morphological descriptors weighted by their level of 27 
explanation of the overall variability of the system. The main contributions (PC> 13%) to the first axes 28 
of correspondence come from the accession Togo. This explains why there is a great agro-29 
morphological variation much more marked by the "Togo" accession. 30 
There was a highly significant difference (P = 3.55e-09) between the number of tubers per plant and 31 
the number of tubers marketable per plant (p = 5.8e-11) according to cultural practices. The "Togo" 32 
accession; "6 mois" and "Gabon" have respective yields 8.9 kg / plant, 7.4 kg / plant and 4.5 kg / plant 33 
according to improved practice or GIPD while they have respectively 3.8 kg / plant, 4.1 kg / plant and 34 
3.3 kg / plant according to traditional farming practice. Root length and width are also economically 35 
important, since plants with roots too long and too thick may indicate plants with more than one 36 
vegetation cycle. 37 
 38 
Keywords: Cassava, performance, diversity of cultivating,  39 

 40 

Introduction 41 

Grown in more than 90 countries, Cassava ranks as the 6th most important source of energy in 42 
human diets on a worldwide basis and as the 4th supplier of energy after rice, sugar, and corn/maize 43 
(Hotz and Gibson, 2007). Cassava is a nutritionally strategic famine crop and could support food 44 
security in areas of low rainfall. The crop‟s starchy root is widely used worldwide, though the fresh 45 
foliage is also consumed in several regions of the world. The use of cassava as a food source is 46 
increasing, because it yields well even in poor soil without fertilizer, and is drought resistant (El-47 
Sharkawy, 2004). The root can be left in the ground for up to 3 years as a reserve source of food. In a 48 
drought, the leaves drop off, and the plant is kept alive by its large roots, and when the rains come the 49 
leaves sprout again (Bradbury and Holloway, 1988). Cassava is utilization as food varies from region 50 
to region an Central African Republic (CAR) is no an exception. In CAR, Cassava is a source of food 51 
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security, not only because it can be grown on less productive land, but because it is a source of 52 
income for urban and rural populations (Zinga and al., 2006).  53 
Cassava is generally grown by small farmers, with low technological input in terms of nutrient intake. 54 
The constant use of cassava by these traditional communities may be influenced both by propagation 55 
and multiplication of the plant; propagation material (stem cuttings) is available for new planting after 56 
each crop, and the cassava plant is hardy and adapts to environmental variations (Hahn, 1989; Agwu 57 
and Anyaeche; Kosh-Komba and al., 2016). Focusing on important of Cassava in rural area of CAR, 58 
the objective of this work was to study the impact of traditional farming practice and improved 59 
practices in the development of Cassava in the field.  60 

2. Materials and Methods 61 
2.1. Site description 62 
The experimental for the agro-morphological characterization was located in the village Pissa (Figure 63 
1). Pissa was chosen to represent a range of environments and management practices in cassava-64 
based cropping systems in the mid-altitude zone of CAR. Main soils in the region include ferric and 65 
orthic Acrisols and orthic and haplic Ferralsols; soils that are derived from strongly weathered granite 66 
or sedimentary parent material (Boulvert, 1986). The climate in all sites is sub-humid with a bimodal 67 
rainfall distribution. This allows for the production of most annual crops during both the long (March-68 
August) and the short rains (September-October). Altitude ranges between 1200 and 1500 masl. 69 
Cassava is planted in the first 2 months of the short or long rains and remains in the field for about a 70 
year. Agricultural systems are diverse with farmers growing 4-6 main crops on average (Conaway et 71 
al., 2012).  72 
 73 

 74 

                                 Figure 1. Location of the Pissa in Central African Republic. 75 

 76 

2.1. Experience description 77 

2.1.1 Traditional farming practices for Cassava cultivation 78 

Traditional farming practice was characterized by planting each accession (locally called 6 mois, 79 
Gabon and Togo) in disorder. There is no respect of the distance between Cassava plants, more 80 
density of planting, no good aeration of the plant in the field. Manual weeding was done as required. 81 
No fertilizer was applied. Harvesting was done 12 months after planting.  82 
 83 
2.1.2 Improved practices for Cassava cultivation 84 

Cassava cuttings of 20-30 cm in length were planted at a distance of 1 m by 1m. Each of the 85 
accessions (locally called 6 mois, Gabon and Togo) had a total of 20 stands in two lines. In each 86 
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mound, we planted three cuttings of the same variety. Manual weeding was done as required. No 87 
fertilizer was applied. Harvesting was done 12 months after planting.  88 
 89 

2.3. Data collection  90 
Data collection for the agronomical and morphological characterization of the accessions was made 91 
over a period of twelve months from 34 descriptors of cassava (Fukuda et al., 2010; Emperaire et al., 92 
2003). The data were collected in four steps the third month after planting. Agronomical and 93 
morphological profile of descriptors was reported in table 1.   94 
As recommended by the authors, characterization of leaf and petiole was performed 6 to 9 months 95 
after planting, and stem and root were performed at harvesting time, established as 12 months after 96 
planting. 97 
 98 
2.4. Data analysis 99 

R software was used for data analysis. The Multiple analysis of correspondence of morphological 100 
descriptors was conducted using the software using R.  This analysis project accessions on a plane 101 
whose axes are defined as new independent variables composites. Each axis (composite variable) is 102 
a combination of morphological descriptors weighted by their level of explanation of the overall 103 
variability of the system. 104 
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Table 1: Agro-morphological descriptors 105 

 106 
At 3 months At 6  months At 9 months At 12 months 

N
0
  

 
Descriptor Codifi- 

cation 
N

0
  

 
Descriptor Codifi-

cation 
N

0
  

 
Descriptor Codifi-

cation 
N

0
  

 
Descriptor Codifi-

cation 
1 Color  of Apical leaves CFA 6 Retention of leaves RF 19 Leaf scar CF 28 fruit F 

2 Presence or Absence of 
Pubescences 

PAP 7 Form of central leaves FFR 20 Color of stem cortex CCT 29 seed G 

3 Circumference of  Plant at 
collet 

CP 8 Color of  Petiole CP 21 Color of epidermis of stem CET 30 Height of the plant HP 

4 Height of  Plant HP 9 Color of  leaves CF 22 Color of external stem CTE 31 Height  of the first 
ramification  

HR 

5 Number of leaves at  10 cm 
of Apical 

NF 10 Number  de Lobe NL 23 Length of internodes LEN 32 Level of ramification NR 

   11 Length of lobe  
 

LL 24 Form of the stem FT 33 Wort  plant PP 

   12 larger of Lobe lL 25 Color  of adult branch plant CBPA 34 Angle of branching AR 

   13 Marge of Lobe ML 26 Length  of the Stipule LS    

   14 Length of  Petiole LP 27 Marge of the Stipule MS    

   15 Color  of principal nervure CNP       

   16 Orientation of Petiol OP       

   17 Floor P       

   18 Pollen P       
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 107 

 108 
3. Result 109 

3.1 Result at 3 months after planting 110 

3.1.1. Circumference of plants 111 
The analysis of variance revealed that the difference between the means of the circumferences was 112 
highly significant as well according to the accessions (p = 7.28e-06) and to the Cassava practice 113 
system (p = 2e-16). The seedlings resulting from the improved practice have the largest diameter 114 
(2.88 ± 2.48) whereas the PP (traditional farming practice) plants have the mean diameter between 115 
(2.03 ± 1.84). 116 
 117 

 118 

 119 
                      120 
                 121 
 a,b, c, d, e and f  mean values on the same row with different superscripts differ significantly (P<0.01) 122 
                 Figure 2: Circumference of plants at three month 123 
 124 
3.1.2. Height of plant 125 
The heights of the plants considered according to cultural techniques show a significant difference (p = 126 
0.0075). Depending on the accessions, the difference is highly significant (P = 0.00074), (Figure 3). 127 
Improved  practice has resulted in taller plants in height compared to traditional farming practice. 128 
 129 
 130 

 131 
 132 
a,b, c, d, e and f  mean values on the same row with different superscripts differ significantly (P<0.01) 133 

Figure 3 : Height of plant at three month. 134 
 135 
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 136 
 137 

3.1.3. Number of leaves 138 
There is a highly significant difference (p = 0.000743) in relation to the number of leaves according to 139 
different accessions and not significant (p = 0.103) according to cultural practices. The 6 mois 140 
accession has a large number of leaves according to the practices (Figure 4). 141 
 142 

 143 
a,b, c, d, e and f  mean values on the same row with different superscripts differ significantly (P<0.01) 144 

Figure 4: Number of leaves at 10cm of Apical. 145 
 146 
3.2 Agro-morphological characterization 147 
3.2.1 Agro-morphological characterization at six, nine and 12 months 148 
The study of the composition of these 4 axes (Figure 5) shows that 17 of the 47 descriptors have a 149 
partial contribution and 12 descriptors are the most relevant for the explanation of the variability. 150 
These relevant characteristics are expressed by Togo accession with test values greater than or equal 151 
to 13%. According to the test values, the first axis describes the agro-morphological variation between 152 
the 3 accessions. The following six descriptors: apical leaf color, leaf color, plant habit, plant shape, 153 
root constriction, and tuber shape explain the variability between these 3 accessions.  154 
The main contributions (PC> 13%) to the first axes of correspondence come from the accession 155 
Togo.Par against: length of internode, stem shape, length of the stipules, margin of the stipules, color 156 
of the root pulp, color root cortex and peeling ability are characters that are not variable. 157 
The second axis explains the variability between the "6 months" and "Gabon" accessions.  158 
The root rot of the Togo accession on the traditional farming practice plot explains the 3rd axis. There 159 
is a series of variation observed for all accessions on the two axes of correspondence and explains 160 
96.51% of the global variability (figure 5).  161 
This explains why there is a great agro-morphological variation much more marked by the "Togo" 162 
accession. These observations made it possible to understand that the cultural techniques adopted 163 
have no impact on the morphological characters of the accessions but they affect growth and 164 
productivity. 165 

 166 

 167 

7

6

0

1

2

3

4

5

6

7

8

GIPD PP

N
u

m
b

e
r 

o
f 

le
af

 

Practices

6 mois

Gabon

Togo

UNDER PEER REVIEW



 168 

Figure 5: Multiple analysis of correspondence of agro-morphological descriptors 169 
 170 

3.2.2 Tuber yield assessment 171 
The number of tubers per plant (NT / P) and the number of marketable tubers per plant (CNT / P) vary 172 
according to the cropping technique (Table 1). There was a highly significant difference (P = 3.55e-09) 173 
between the number of tubers per plant and the number of tubers marketable per plant (p = 5.8e-11) 174 
according to cultural practices. However, depending on the accessions, it is not significant respectively 175 
the number of tubers per plant (p = 0.388) and the number of tubers marketable per plant (p = 0.069). 176 
The "6 mois" accession has the highest yield (10 tubers per plant) according to improved practice 177 
compared to the "Gabon" accession that has the best yield (7 tubers per plant) in traditional farming 178 
practice.  179 
Mean tuber weight showed a highly significant difference (p = 2.46e-11) depending on cropping 180 
practices (Table 2). Mean weights at harvest revealed a highly significant difference (p = 2.46e-11) 181 
depending on cropping practices and accessions (p = 0.00016). The "Togo" accession; "6 mois" and 182 
"Gabon" have respective yields 8.9 kg / plant, 7.4 kg / plant and 4.5 kg / plant according to improved 183 
practice while they have respectively 3.8 kg / plant, 4.1 kg / plant and 3.3 kg / plant according to 184 
traditional farming practice. 185 

 186 

Table 2: Yield of the accessions according to the two practices 187 
Yield Accessions IP TFP P value 

(Cultural 
practice) 

P value 
(Accession) 

NT/P 6 mois 12 9 3.55e-09 * 0.388 

Togo 8 5 3.55e-09 * 0.388 

Gabon 6 7 3.55e-09 * 0.388 

NTC/P 6 mois 7 3 5.8e-11* 0.069 

Togo 7 3 5.8e-11* 0.069 

Gabon 4 4 5.8e-11* 0.069 

Technique-GIPD

Technique-PP

Variété-6 mois

Variété-Gabon

Variété-Togo

C F Apicale-Maron fonc

C F Apicale-Marron

C F Apicale-Verte

Pubescence-Absent

Pubescence-Present

F F C-Elip Lancéol

F F C-Lancéolé

C P-Vert jaunatre

C P-Violet

C F-Vert clair

C F-Vert foncé

C F-Vert violacé

M L-Lisse

M L-S'enroulant

C N P-Vert

C N P-Vert rouge

O P-Horizontale

O P-Irreguière

C F-Importante

C F-Moyenne

C C T-Vert

C C T-Vert clair

C E T-Orange

C E T-Vert

C T E-Brin foncé

C T E-Gris

L E N en cm-Court

F T-Droit

CBPA-Vert

CBPA-Vert foncé

L S-LongM S-Divisé
Fruit-Absent

Fruit-Present

Graine-Absent

Graine-PresentNR-Ignoré

NR-Zéro NR-zéroPort plant-Dichotome

Port plant-Droit

Port plant-Trichotome

Form plant- Parapluie

Form plant-Cylindrique

Form plant-Ouvert

LPR-Long Pedoncule

LPR-Moyen pedoncule

CR-Non Infecté

CR-Non infecté

CR-Pouriture racinaire

FT-Conique

FT-Conique-cylindrique

FT-Cylindrique

Col ext Rac-Cremeux

Col ext Rac-Pourpre

Col Pulp Rac-Blanche

Col Cort Rac-Cremeux
Apt Cort  Eplu-Faible

Text epi Raci-Lisse

Text epi Raci-Rigeux

Gout-Amer

Gout-DouxObs1Obs2Obs3Obs4Obs5Obs6Obs7Obs8Obs9Obs10Obs11Obs12Obs13Obs14Obs15Obs16Obs17Obs18Obs19Obs20Obs21Obs22Obs23Obs24Obs25Obs26Obs27Obs28Obs29Obs30

Obs31Obs32Obs33Obs34Obs35Obs36Obs37Obs38Obs39Obs40Obs41Obs42Obs43Obs44Obs45Obs46Obs47Obs48Obs49Obs50

-2

-1

0

1

2

-4 -3 -2 -1 0 1 2 3

F2
 (

3
9

,2
6

 %
)

F1 (57,25 %)

(axes F1 et F2 : 96,51 %)

Variables Observations
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PMT 6 mois 7.4 kg 4.1 kg 2.46e-11 ** 0.00016** 

Togo 8.9 kg 3.8 kg 2.46e-11** 0.00016** 

Gabon 4.5 kg 3.3 kg 2.46e-11** 0.00016** 

NT/P= Number of tuber per Plant, NTC/P= Number of marketable tuber per Plant, PMT= Mean weight 188 
of tuber, IP= Improved practice, TFP= Traditional farming practice. 189 

3. 2 Discussion 190 

The 34 descriptors used in this study allowed an evaluation of the agromorphological structuring of the 191 
3 accessions tested according to cultural practices. The analysis of variance revealed that the 192 
difference between the means of the circumferences was highly significant as well according to the 193 
accessions (p = 7.28e-06) and to the Cassava practice system (p = 2e-16). The seedlings resulting 194 
from the improved practice have the largest diameter (2.88 ± 2.48) whereas the PP (traditional farming 195 
practice) plants have the mean diameter between (2.03 ± 1.84). 196 
The heights of the plants considered according to cultural techniques show a significant difference (p = 197 
0.0075). Depending on the accessions, the difference is highly significant (P = 0.00074), (Figure 3). 198 
Improved  practice has resulted in taller plants in height compared to traditional farming practice. 199 
There is a highly significant difference (p = 0.000743) in relation to the number of leaves according to 200 
different accessions and not significant (p = 0.103) according to cultural practices. The 6 mois 201 
accession has a large number of leaves according to the practices (Figure 4). 202 
The number of tubers per plant (NT / P) and the number of marketable tubers per plant (CNT / P) vary 203 
according to the cropping technique (Table 1). There was a highly significant difference (P = 3.55e-09) 204 
between the number of tubers per plant and the number of tubers marketable per plant (p = 5.8e-11) 205 
according to cultural practices. However, depending on the accessions, it is not significant respectively 206 
the number of tubers per plant (p = 0.388) and the number of tubers marketable per plant (p = 0.069). 207 
The "6 mois" accession has the highest yield (10 tubers per plant) according to improved practice 208 
compared to the "Gabon" accession that has the best yield (7 tubers per plant) in traditional farming 209 
practice. Root length and width are also economically important, since plants with roots too long and 210 
too thick may indicate plants with more than one vegetation cycle. 211 
The  34 descriptors used in this study allowed an evaluation of the agromorphological structuring of 212 
the 3 accessions tested according to cultural practices. The series of variation observed at 96.51% of 213 
the global variability on the 2 axes of correspondence with a partial contribution of 17 descriptors out 214 
of 17/34 explains that there is great morphological differentiation between the accessions according to 215 
their origin. This differentiation is marked much more by the accession introduced "Togo" which 216 
contributed to 57,25% in the global variability. On the other hand, there is relatively little differentiation 217 
in the extent of the morphological space between the "6 months" and the "Gabon" local accession. 218 
Emperaire et al., (2003), in a similar study demonstrated that there is no significant difference in the 219 
morphological space occupied by each set of accessions from a given location.  220 

Emperaire et al. (2003) in a similar study on cassava showed an overall variation of 66% in the first 221 
two factorial axes with a partial contribution (CP> 10) of 9 out of 20 descriptors and the same 222 
observation was made with respect to morphological diversity as high among populations according to 223 
different ethnic groups. On the other hand Kosh-komba et al.,   (2013) obtained an overall variation of 224 
55% with a partial contribution (CP> 18) of 15 out of 27 descriptors. He noted that there is no 225 
differentiation between accessions. We note, however, the variability in the quality and number of 226 
descriptors involved in the three types of studies. This may, however, influence the nature of the 227 
results. 228 
Of the three accessions studied, the seedlings resulting from the GIPD or improved practice are more 229 
robust and have a faster growth in height compared to the seedlings resulting from the peasant 230 
practice. This difference could be explained by the reduction of maintenance work and the increase in 231 
the density of crop plants that have led to intra and interspecific nutritional competition in traditional 232 
farming practice. Hahn et al. (1979) have shown that weed-yield loss can be minimized when weeding 233 
3 and 5 weeks after planting.  234 
 235 
Agricultural yield is one of the main objectives in agricultural production and varietal selection. The 12-236 
month harvest showed productive and early accessions. Of the 3 accessions studied, the "Togo" 237 
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accession in the improved practice has the best yield (8.9kg) followed by "6 months" (7.4kg) and 238 
"Gabon" (4.5kg). Agwu, (2007) in a similar study showed that it is an improved accession (TMS 239 
30572) that has the best yield at 33%, followed by a local accession ("udukanani") with 31% By Kosh-240 
komba and al., (2013) in a similar study showed that the local accessions Bagbogo (18 kg) and 241 
Gbakoa (13kg) give the best yield compared to those introduced TMS30995 (6 kg) and TMS50395 (3 242 
kg). In our case the accession introduced "Gabon" was not very productive. Which could justify that it 243 
would be a long cycle accession. However, it has been introduced in order to improve yields. 244 
Tuber rot of one foot of Togo accession (7.71%) in traditional farming practice cannot justify the 245 
difference between accessions. In general, Cassava roots are rotting more and more after 12 months 246 
of planting. In the case of this study, rotting of the sole foot of accession would be caused by rodent 247 
wounds such as rats and grasscutters in search of food. Both collections revealed a wide range of 248 
agro-morphological diversity and showed the existence of high morphological variability among 249 
cassava accessions (komba and al., 2016). Morphological traits offer a quick and efficient evaluation 250 
tool to assess germplasm diversity and were capable of separating accessions according to sampling 251 

locations in both clustering methods (Hahn, 1989; Amorozo, 2000 ; El-Sharkawy , 2004 ; Lenis and 252 

al., 2006;Hotz and Gibson, 2007; Agwu and Anyaeche, 2007; Nassar  and al., 2010; Ntawuruhunga 253 

and  Dixon, 2010; Mtunguja and al., 2015).  254 

 255 
Conclusion  256 
The results of this study revealed the differences between farmers' practices and those recommended 257 
in agricultural production on the cassava model. Root length and width are also economically 258 
important, since plants with roots too long and too thick may indicate plants with more than one 259 
vegetation cycle. Furthermore, morphological characterization and the establishment of yield between 260 
the accessions are significant subsidies to choose improved practice for the development. 261 

 262 
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