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Abstract  

This work is a contribution to applied research efforts aiming at increasing crop productivity on Ferké sugarcane 

plantations through the analysis of average cane yields obtained following main varieties grown and water status 

of plantations, in order to improve irrigation scheduling practices. Both Ferké sugarcane producing zones are 

located in northern Ivory Coast(9°20 - 9°60N and 5°22 - 5°40W, 325 m above sea level). Climate of the region 

is a sub-tropical type with 2 seasons:one of them is dry which occurs from November to April, the other being 

wet prevails from May to October. Data collected over 5 cropping seasons (2010-11 to 2014-15) involved the 

following variables: main varieties grown, water status of plantations, period of harvest season, cane yields 

obtained, cropping season considered, net irrigation depths applied, water used (from irrigation and rainfall used 

excluding deep percolation), rainfall used, harvested plantations and corresponding land surface. All different 

parameters were recorded in a database in order to ease multivariate analysis using Excel 2013. Search of main 
variables determining cane yields in Ferké 2 was achieved by a factor analysis. It came out that key agronomic 

factors were correlated to water status of plantations, main cane varieties grown, cropping season considered, 

period of harvest season, irrigation water depths applied, depth of water used as well as depth of rainfall used. 

As a result, four groupings of cane yields performed were determined. For a same variety grown and same water 

status of plantation, cane yields obtained were as lower as sugarcane was cultivated as late season crop. For 

agro-physiological reasons, early and mi-season sugarcane crops should mostly be grown under center pivots 

(much more efficient irrigation equipment), as they ensure a better yield potential.  

. 

______________________________________________________________________________________
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INTRODUCTION 
Privatization of the Ivorian sugar sector occurred in 

July 1997 was aiming at stopping its lack of 

competiveness due to high productions costs of sugar 

derived from cane since its creation in the early 

1970s. However, investments efforts being made by 

new ownership regarding the privatization context 

slowed down due to the Ivorian political crisis broken 

up in September 2002, about 5 years later. Locally 

produced sugar faced slump over almost a decade 

because of smuggling of imported sugar at the country 

northern borders which could hardly be controlled by 
public authorities. 

 

To mitigate the economic drawbacks resulting from 

sugar reforms between Africa-Caribbean-Pacific 

(ACP) countries and the European Union (EU) which 

came into force in 2006, the later has implemented in 

these countries a new sugarcane development policy 

involving some financial supports. As far as the Ivory 

Coast with its severely affected sugar sector was 

concerned, the supports were oriented towards 

strengthening applied agricultural research aiming at 

increasing sustainable yields by 25 % as well as 
reducing production costs by 15-20 % so as to ensure 

the sector competiveness. Not only selection of best 

performing varieties under irrigation as well as rainfed 

conditions regarding village plantations, but also 
improvement of agricultural practices as to reduce 

operational costs were defined as top research 

priorities. Since recently (2006-07 cropping season), 

the crop material grown in Ferké sugar complexes 

were composed of obsolete varieties out of which two 

principal ones known as lower yielding varieties (7-8 t 

of sugar/ha) have occupied 55-60 % of land surface, 

i.e. 6000 to 6 500 ha (Péné et Tuo, 2007 ; Péné et al, 

2010). This could partly explain the stagnation of 

sugar production to 92 000 t/yr., with a substantial 

decrease in production over relatively dry years like 
2007-08 where only 85 500 t were obtained. 

 

The increase in sugar production being observed since 

the 2008/09 cropping season with 90 300 t to almost 

100 000 t in 2010-11 seemed to be mostly due to the 

development of high yielding varieties such as SP71-

1406, SP70-1006, SP70-1143, SP71-8210, SP70-1423 

and R579. The change in the varietal status being 

observed was made smoothly from year to year at the 

expense of previous main cane varieties (Co957, 

NCo376) and others much less represented (Q75, 

Co449, FR80-69, M31-45, R570 et R70-367). 
 

Therefore, varietal selection was considered as a key 

component of increase in crop productivity as well as 
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irrigation water in the context of Ferké (Péné and Déa, 

2000, Péné et al, 2001, Péné and Kéhé, 2005). That’s 

why since the 2006/07 cropping season, a more 

relevant variety program based on a short-cycle 

selection process of 6 years duration instead of 11 or 

15 years as previously and the import of only 
commercial varieties was implemented in order to 

support two triennial investment plans (2005-2007 et 

2008-2010) for increase in crop production. The 

double challenges to overcome were to select best 

performing cane varieties tolerant or moderately 

tolerant to drought in rainfed as well as irrigated 

sugarcane were almost 40 % of land surface (4000 ha) 

were equipped with less efficient sprinkler irrigation 

systems (rolling gun, full covering, partially covering, 

poorly managed drip irrigation). 

 

The purpose of the study was to improve crop yields 
through characterization of rainfall as well as 

irrigation water recordedover Ferké 2 plantations and 

the analysis of average yields obtained following main 

varieties grown and water status of plantations, in 

order to suggest ways to improve irrigation 

scheduling practices. 

 

Main hypotheses to be tested were the following: 

Multivariate analyses show that main agronomic 

factors determining cane yield variations in Ferké 2 

were related to water status of plantations, main 
varieties cultivated, cropping season and period, 

cumulated irrigation water depths applied, cumulated 

water used and cumulated rainfall used. 

 

For the same variety cultivated and the same water 

status of plantations, average yields obtained were as 

lower as sugarcane was grown as a late season crop. 

That is explained by agro-physiological factors which 

are partly related to lower sunlight resulting from 

frequent clouds during heavy rainfall where sugarcane 

is at yield formation stage. This is also due to the 

photo-period which is responsible for sugarcane 
flowering marked by the end of stalk growth and that 

the dry season characterized by higher daily 

temperature magnitudes (15-20 °C) with a decrease in 

crop growth for non-flowering cane varieties. Because 

of these agro-physiological reasons, early season 

crops should mostly be irrigated with center pivots as 

the most reliable system.  

 

MATERIAL AND METHODS 

Site location  

Both Ferké sugar mills are located in northern Ivory 
Coast (9°20’ - 9°60’N,  5°22’ - 5°40 W, average 

altitude 325 m a.s.l.). They are bordered in the West 

by Bandama River, in the East by Tafiré-Ferké 

national road, in the South by Farakwo watercourse 

and in the North by Sinémantiali-Korhogo national 

road (Figure 1). 

 
Figure 1. Map of both Ferké sugarcane producing 

zones in northern Ivory Coast. 

 

Climate of Ferké-Tafiré region 

Climate of the Ferké-Tafiré region in northern Ivory 

Coast is of tropical type with two seasons: one being 

dry, from November to April, the other being wet, 

from May to October. Rainfall pattern is unimodal 

and centered on August and September which 
cumulates almost half of the annual depth of 1200 

mm/ann. Water deficit to be fulfilled by irrigation to 

meet sugarcane crop water requirements is around 700 

mm/ann (Péné et al, 2010). The dry season is marked 

by a favorable period for cane ripening, namely the 

harmattan which take place from mid-November to 

late January, with higher daily temperature 

magnitudes (20 °C) and 30-35 % of relative humidity.  

 

Geomorphology 

The sub-soil of both Ferké sugarcane plantations are 

made of metamorphic and igneous rocks mostly 
represented by granites as well as muscovite and 

biotite minerals. Granite outcrops indicate that 

intensity of metamorphism should have been highly 

variable. Outcrops were observed following a parallel 

strip to Bandama River, but also in other sectors of 

the area. 
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Topography of both sugarcane producing zones are 

undulated with smooth slopes less than 5 % and hills 

made of granites and gneiss. Altitude varies between 

280 and 380 m, single elevations being less than 70 

m. The area is drained by Bandama River tributaries 

(Lokpoho, Monongo, Waha, Farakwo) following a 
dendritic profile (Avenard, 1971; Tate and Lyle, 

1975). 

 

Vegetation and Soils Units 

Vegetation in Ferké region is a woody wet savannah 

with several isolated small forests. Soils are mostly 

ferralsols with a thin arable layer of 40-60 cm due to 

induration. Soils are derived from metamorphic rocks 

subject to deep weathering and erosion (Tate and 

Lyle, 1975). 

 

Soil survey works were carried out by former French 
companies, namely Sogetha and Irat, have classified 

soils into 5 categories depending on their ability to 

sugarcane cultivation as follows: (i) good value, (ii), 

good to medium value, (iii) medium value, (iv) poor 

value, (v) no value. 

 

Physical limiting factors related to soil categories I, II 

and III are the following: soils prone to inundation, 

soils with limited available water, limited depth soils 

and chemically poor soils.  

 

Soils of both sugar mills, as yellowish sandy-clay 

textured, are marked by a lateritic induration at 70 cm 

depth. That texture was mainly represented (40 %) 

with an available moisture of 90 mm, i.e. 60 mm of 

readily available moisture (Péné and Koulibaly, 

2011). Two other major textures are sandy and sandy-
clay-loam in proportions of 24 and 20 % respectively. 

Soils properties are the following: low organic matter 

content (1.5 %), moderately acid (pH = 6.0), low CEC 

(8 meq/100 g). 

 

Commercial Varieties Cultivated 

Seven sugarcane varieties most represented in Ferké 

2, being investigated, are the following: SP71-1406, 

SP70-1006, SP70-1143, R579, SP70-1423, FR80-69, 

M1176-77, M1400/86, SP71-8210 and M2593/92. 

They represent 4 different origins which are Brazilian 

(SP), Mauritian (M), Reunionese (R) and 
Guadeloupian (FR). With respect to the harvest 

season, varieties were cultivated as early season crop 

(SP70-1143, SP71-1406, SP70-1006, SP71-8210, 

M1400/86, R579, M2593-92, M1176-77), mid-season 

crop (SP71-1406, SP70-1006, SP71-8210, R579, 

M1176/77, M2593-92) and late-season crop (SP71-

1406, SP70-1006, SP71-8210, R579, FR80-69, SP70-

1423) – ( Table 1). 

 

 

 
Table1. Technological and agro-morphological traits of sugarcane varieties cultivated in Ferké 2, northern Ivory 

Coast. 

  Agro-technological traits 

Varieties Varietal 

Status 

Sugar yield 
(t/ha) 

Cane yield 
(t/ha) 

Sucrose content 
(Pol%) 

Fiber 
(%C) 

Purity (% C) 

SP70/1006 E/M/L High  High VHigh Moderate High 

SP70/1143  E High Moderate VHigh High High 

R579  E/M/L VHigh VHigh VHigh Low  High 

SP71/1406 E/M/L High High High Moderate High 

M1176/77 E/M VHigh VHigh High Moderate High 

M2593/92 E High VHigh Moderate Moderate Moderate 

SP71-8210 E/M/L High V Élevé  VHigh High V. High 

M1400/86 E Moderate High Moerate High Moderate 

SP70-1423 L Moderate VHigh Moderate or good Moderate Moderate or good 

FR80-69 ML Moderate Moderate VHigh High High 

E, M, L = Early, Mid, Late (season crop). 
 

Technical Equipment Used 

Technical equipment used was mainly composed of 

soil tillage and irrigation tools. Soil tillage tools were 

sub-soiler equipped with rippers to be drawn by 

tractor of 300-350 CV, disc plow of 660 – 711 mm in 

diameter to be drawn by a tractor of 300-350 CV and 

a furrow system to be drawn by a tractor of 100-150 

CV    

 

Sprinkler irrigation as well as drip systems were 

basically used on Ferké commercial plantations. Four 
different sprinkler irrigation systems used were the 

following: center pivot, full covering system, rolling 

gun, partially covering system. Irrigation water 

application or use efficiency, expressed in kg cane or 

sugar/m3 of water, will depend on the watering 

method practiced. Choice of an irrigation system will 

also depend on investment and operational costs/ha. 

Operational costs involve labor costs as well as 

electrical power costs of water pumping. Investment 

costs were as higher as the irrigation system was 

automatically operated. Therefore, investment costs 

decrease in the following order: drip irrigation, center 

pivot, front-line, full covering sprinkler, rolling gun, 

partially covering sprinkler with manually moving of 
laterals and sprinklers. Irrigation is a cropping 

technique aiming at increasing soil available moisture 
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in order to meet crop water requirements as a solution 

for rain water deficit and variability. Good irrigation 

management practices on farm level required 

knowledge related to soil hydraulic properties 

(available moisture, hydraulic conductivity), crops 

(growth stages, crop coefficients) as well as climate 
(evapotranspiration which depends on solar energy, 

wind speed and relative humidity). 

 

Data Management 

Data collected over five cropping seasons (2010/11 - 

2014/15) involve a multivariate analysis of the 

following variables: 

 Main varieties cultivated : SP71-1406, SP70-

1006, SP70-1143, R579, SP70-1423, FR80-69, 

M1176-77, M1400/86, SP71-8210 et M2593-92 ; 

 Water status of plantations : 5 different irrigation 
systems practiced (center pivot, full covering 

sprinkler, rolling gun, partially covering 

sprinkler, irrigation) and rainfed crop ; 

 Periods of harvest season : early-season 

(November - December), mid-season (January) 

and late-season (February – April or May) ; 

 Cane yields obtained (in t/ha) : 4categories (<70, 

70-90, 90-110, > 110) ; 

 Cropping seasons : 5 years (2010-11, 2011-12, 

2012-13, 2013-14 and 2014-15) ; 

 Irrigation water depths applied (in mm) : 7 
categories (<150, 150≤ - <300, 300≤ - <450, 

450≤ - <600, 600≤ - <750, 750≤ - <900, ≥900) ; 

 Water depthsused (from irrigation or rainfall used 

except for deep percolation) : 6 categories (<500, 

500≤ - <700, 700≤ - <900, 900≤ - <1100, 1100≤ - 

<1300, ≥1300) ; 

 Raifall depths used : 6 categories (<350, 350≤ - 

<550, 550≤ - <750, 750≤ - <950, 950≤ - <1100, 

≥1100) ; 

 Sugarcane plantations and relevant land surface 

harvested. 

 

RESULTS 

Cane yields variations following agronomic factors 

Four groupings shown in Fig 2 are the following: 

 Group 1 : contains higher yields (≥ 110 t/ha) 

obtained in 2014-15 with M2593/92 and SP70-

1006 varieties; 

 Group 2 : comprises yields between 90 and 110 

t/ha, obtained under center pivots at early or late 

season with the following varieties : R579, SP70-

1423, SP71-8210 and M1176/77 ; 

 Group 3 : contains yields between 70 and 90 t/ha, 

achieved over 2010-11 and 2012-13 cropping 
seasons under drip irrigation or full covering 

sprinkler irrigation, respectively, with variety 

M1400/86 ; 

 Group 4: comprise lower cane yields obtained 

particularly at mid-season in 2013-14 (< 70 t/ha) 

either under rainfed or under partially covering 

sprinkler irrigation with FR80-69 and SP70-1143 

varieties. 

 

Four more groupings shown on Fig 3 are the 

following: 

 Group 1: concerns higher yields (> 110 t/ha) 

achieved with total irrigation water depth of 750-

900 mm and rainwater depth of 350-550 mm; 

 Group 2: comprises cane yields between 90 and 

110 t/ha obtained with cumulated water used of 

not only between 900-1100 mm but alsobetween 

1100 and 1300 mm.It is related to irrigation water 

depths not only higher than 900 mmbut also 

between 750 and 900 mm; 

 Group 3: contains yields between 70 and 90 t/ha 

in correlation with irrigation water depths 
between 450 and 600 mm and cumulated 

rainwater used not only between 750 and 900 mm 

but also between 950 and 1100 mm.This 

grouping is also in relation to cumulated water 

used (from both irrigation and rainwater) higher 

than 1300 mm ; 

 Group 4: contains lower yields (< 70 t/ha) in 

correlation with following cumulated irrigation 

water depths: between firstly 300 and 450 mm, 

secondly between 150 and 300 mm and thirdly 

less than 150 mm (rainfed crops partially 

irrigated). This grouping is linked not only to a 
total rainwater used between 550 and 750 mm as 

well as that less than 350 mm, but also to 

cumulated water used between 700 and 900 mm, 

500 and 700 mm or less than 500 mm. 
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Figure 2. Projection of cane yields performed, water status, cropping seasons, main varieties and periods of 

harvest regarding Ferké 2 plantations inthe 1x2 factor plan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 3. Projection of cane yield categories performed, cumulated irrigation water depth, water used and 

rainfall used regarding Ferké 2 plantations in the 1x2 factor plan. 

Cane Yield Variations Regarding Water Status Of 

Plantations (From 2010-11 To 2014-15) 

 

Average yields obtained over full harvest season 

Regardless the period of harvest considered, higher 

average yields close to 100 t/ha were obtained during 

the 2014-15 cropping season under most efficient and 

representative irrigations systems, namely center 

pivots and full covering sprinkler. 

 

During the other four cropping seasons (from 2010-11 

to 2013-14), an average yield of 80 t/ha was not 

reached at mid-season 2011-12 and late-season 2012-

13 under center pivots and full covering sprinkler. 
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The 2011-12 cropping season was marked (Table2) by 

a lower average yield (70.4 t/ha) compared to that of 

2010-11 and 2012-13 (73.4 t/ha). In balance, average 

sugar yields were higher in 2011-12 compared to that 

of 2010-11 and 2012-13 with respectively 8.6 and 8.4 

t of sugar/ha. 
 

As for the 2013-14 cropping season, it was marked by 

a lower average cane yield (68.8 t/ha) due to a 

disruption in irrigation application occurred in 

January and March 2013, and a shorter average crop 

age (11 months instead of 11.6 or 12.5). 

 

Table 2. Total land surface harvested and average cane yields obtained over early, mid and late-seasons, from 

2010-11 to 2014-15 in Ferké 2 (all varieties and water status included). 

 Cropping seasons 

Periods 2010-11 2011-12 2012-13 2013-14 2014-15 

of 

harvest 

Surface 

(ha) 

Yield  

(t/ha) 

Surface 

(ha) 

Yield 

(t/ha) 

Surface 

(ha) 

Yield 

(t/ha) 

Surface 

(ha) 

Yield 

(t/ha) 

Surface 

(ha) 

Yield 

(t/ha) 

Early  1266.1 74.1 1593.1 70.6 1752.7 70.3 2062.6 67.9 1417.3 89.1 

Mid 1111.1 66.8 1069.3 62.0 893.2 69.3 1250.5 69.7 1263.3 73.1 

Late  3292.2 78.6 3011.7 73.3 2943.2 76.4 2418.2 69.0 2966.7 90.0 

Total ou 

Average 

5669.4 75.3 5674.1 70.4 5589.1 73.4 5731.3 68.8 5647.3 86.0 

 

Yields obtained at early season 

The 2014-15 cropping season was marked by an 

average yield of 100 t/ha obtained at early season 

under center pivots as well as full covering sprinkler. 

Are excluded from that analysis average yields at that 

period under marginal irrigation systems less 

representative like partially covering sprinkler, drip 

irrigation and rolling gun (the latter being abandoned 
at early 2012-13 in Ferké 2). The 2014-15 average 

yield obtained in rainfed conditions at early season  

 

 

was the highest since 2010-11, with 68.7 t/ha, 

although that yield has fluctuated from 47.1 to 56.6 

t/ha from 2010-11 to 2013-14. Except for 2014-15, 

average yields obtained on yearly basis under center 

pivots were close to 80 t/ha from 2010-11 to 2013-14 

(Fig 4). During that period, average yields under full 

covering sprinkler were equal, on the one hand, to 80 

t/ha in 2010-11 and 2013-14 and, on other hand, to 
69.1 and 72.9 in 2011-12 and 2013-13, respectively. 

 

 

Figure 4. Average cane yield variations at early season depending on water status of plantations from 2010-11 to 

2014-15 in Ferké 2, northern Ivory Coast. 

 

Yields obtained at mid-season 

The 2014-15 cropping season was marked by an 

average yield of 98 and 91.2 t/ha obtained at mid-

season under center pivots and full covering sprinkler 

respectively (Fig 5). Are excluded from that analysis 

average yields at that period under marginal irrigation 

systems less representative like partially covering 

sprinkler (missing in 2014-15), drip irrigation (85.2 

t/ha) and rolling gun (the latter being abandoned at 

mid-season 2012-13 in Ferké 2). The 2014-15 average 

yield obtained in rained conditions at mid-season was 

the highest since 2010-11, with 47.3 and 47.5 t/ha 

(respectively in 2014-15 and 2012-13), although that 
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yield has fluctuated from 40.5 to 43.0 t/ha from 2010-

11 to 2013-14. Except for 2014-15, average yields 

obtained at late season on yearly basis under center 

pivots fluctuated from 81.8 to 89.1 t/ha from 2010-11 

to 2012-13. During that period, average yields under 

full covering sprinkler were equal, on the one hand, to 

80 t/ha in 2010-11 and 2013-14 and, on other hand to 

76.4 and 77.4 in 2011-12 and 2013-13, respectively. 

 
Figure 5. Average cane yield variations at mid-season depending on water status of plantations from 2010-11 to 
2014-15 in Ferké 2,northern Ivory Coast. 

 

Yields obtained at late-season 

The 2014-15 cropping season was marked by an 

average yield of 96.7 and 87.8 t/ha obtained at late-

season respectively under center pivots and full 

covering sprinkler (Fig 6). Are excluded from that 

analysis average yields at that period under marginal 

irrigation systems less representative like partially 

covering sprinkler (75.7 t/ha), drip irrigation (94.5 

t/ha) and rolling gun (the latter being abandoned at 

late 2014-15 in Ferké 2). The 2014-15 average yield 
obtained in rainfed conditions at late-season was the 

highest since 2010-11, with 47.3 and 47.5 t/ha 

(respectively in 2014-15 and 2012-13), although that 

yield has fluctuated from 40.5 to 43.0 t/ha from 2010-

11 to 2013-14. Except for 2014-15, average yields 

obtained on yearly basis at late-season under center 

pivots fluctuated from 81.8 to 89.1 t/ha from 2010-11 

to 2012-13. Lower yields were achieved in 2013-14 

under center pivots with 73.4 t/ha in average. During 

that period, average yields under full covering 

sprinkler varied from 77.1 to 64.4 t/ha from 2010-11 

to 2013-14. 

 
Figure 6. Average cane yield variations at late-season depending on water status of plantations from 2010-11 to 

2014-15 in Ferké 2,northern Ivory Coast. 

 

Yield Variations Of Main Cane Varieties Under 

Center Pivots (2010-11 To 2014-15) 

 

Average yields obtained over full harvest season 

From 2010-11 to 2014-15 (Table3) land surface under 

center pivots increases by 24.5 %. A higher average 

yield was obtained in 2014-15 with 97.5 t/ha, i.e. an 

increase of 25 % compared to the previous season. 

From 2010-11 to 2013-14, a lower average yield was 

obtained in 2013-14 with 78 t/ha compared to a yield 

variation of 80.7 to 86.4 t/ha from 2010-11 to 2012-

13. It came out that center pivots were most 

represented at late season with an increase in land 
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surface of 14 % from 2010-11 (321 ha) to 2014-15 

(433 ha). That system was moderately represented at 

early season with a land surface proportion varying 

from 21 to 31 % respectively from 2010-11 (510 ha) 

to 2014-15 (772 ha). The more adequate arrangement 

lies in much center pivots at early as well as mid-
season where the yield potential of plantations was 

higher because of physiological reasons. This is 

explained by favorable growing conditions in terms of 

temperature, sunlight, moisture over a longer period 

(January-July) were met at the stem elongation stage 

compared to that of late season crops (April-July). As 

far as late-season plantations were concerned, most of 

the active period of growth coincide with heavy 

rainfall season marked by less sunlight resulting from 

frequent cloudiness. In addition to that, one must 

consider the photoperiod which enhance cane 

flowering by stopping crop growth on the one hand, 
and the dry season marked by higher daily 

temperature magnitudes with a slight reduction in 

crop growth of non-flowering varieties, on the other 

hand. 

 

 

Table3. Total land surface harvested under center pivots and average cane yields obtained following main 

varieties cultivated from 2010-11 to 2014-15 in Ferké 2,northern Ivory Coast. 

 Cropping seasons 

Periods  2010-11 2011-12 2012-13 2013-14 2014-15 

Of 

harvest 

Surface 

(ha) 

Yield 

(t/ha) 

Surface 

(ha) 

Yield 

(t/ha) 

Surface 

(ha) 

Yield 

(t/ha) 

Surface 

(ha) 

Yield 

(t/ha) 

Surface 

(ha) 

Yield 

(t/ha) 

Early 510.1 81.8 706.8 79.9 786.0 80.7 863.1 82.0 772.3 99.3 

Mid 331.0 80.8 169.2 73.4 229.9 81.7 475.6 85.1 432.8 97.9 

Late  1568.0 89.1 1533.1 81.8 1547.8 83.8 1435.6 73.4 1793.0 96.7 

Total or 

average 

2409.1 86.4 2409.1 80.7 2563.7 82.7 2774.3 78.0 2998.1 97.5 

 

Average yields at early-season under center pivots 

In 2014-15, four among five varieties cultivated at 
early season under center pivots gave an average yield 

of 94-104 t/ha (Fig 7) over a total land surface of  

 

 

428.5 ha. Except for SP71-8210 variety which 

performed 112 t/ha over only 15.4 ha, no variety 
reached 100 t/ha at early season under that irrigation 

system from 2010-11 to 2013-14. 

 

Figure 7. Average cane yield variations at early-season under center pivots depending on main varieties 

cultivated, from 2010-11 to 2014-15 in Ferké 2, northern Ivory Coast. 

 

Average yields at mid-season under center pivots 

In 2014-15, among four varieties cultivated at mid-

season under center pivots (SP70-1006, SP71-1406, 
SP71-8210 and R579), each gave an average yield of 

94-104 t/ha (Fig 8) over a total land surface of 361 ha. 

Except for SP71-8210 and R579 varieties which 

performed 111.8 and 101.5 t/ha over 15.4 ha and 71 

ha respectively, no variety reached 100 t/ha at mid-

season under that irrigation system, from 2010-11 to 
2013-14. 
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Figure 8. Average cane yield variations at mid-season under center pivots depending on main varieties 

cultivated, from 2010-11 to 2014-15 in Ferké 2,northern Ivory Coast. 

 

Average yields at late season under center pivots 
In 2014-15, among six varieties cultivated at late-

season under center pivots (SP70-1006, SP71-1406, 

R579, SP71-8210, SP70-1423 and FR80-69) each of 

the first 3 varieties gave an average yield of 95.7 – 

100 t/ha (Fig 9) over a total land surface of 1 042 ha.  

 

Except for SP70-1423, R579 and SP71-8210 varieties 
which performed respectively 101.6, 95.0 and 98.0 

t/ha over a total land surface of 605 ha, no variety 

reached 95 t/ha on average late-early season under 

that irrigation system from 2010-11 to 2013-14. 

 

 
Figure 9. Average cane yield variations at late-season under center pivots depending on main varieties 

cultivated, from 2010-11 to 2014-15 in Ferké 2,northern Ivory Coast. 

 

DISCUSSION 

Cane Yields Obtained From 2010-11 To 2013-14 

Compared To That Of 2014-15 
From 2010-11 to 2013-14, average cane yields 

regardless main varieties and water status of 

plantations fluctuated from 68.8 to 75.3 t/ha compared 

to 86.0 t/ha performed in 2014-15. Over the same 

period (2010-11 – 2014-15), average yields of main 

varieties cultivated under center pivots fluctuated 

from 78.0 to 86.4 t/ha compared to 97.5 t/ha 

performed in 2014-15. Apart from 2010-11 where 

R579 variety was still under development 

commercially in Ferké (6 % of total land surface in 

both Ferké sugarcane producing zones, i.e. 800 ha), it 

came out that from 2011-12 to 2013-14 average cane 
yields fluctuated from 72.1 to 82.1 t/ha compared to 

91.0 t/ha obtained in 2014-15. In the three cases 

(Tables 1 to 3), average cane yields performed in 

2014-15 were significantly higher than that of 

previous years with at least 14, 13 and 11 %, 
respectively. Such increase in average cane yields on 

both Ferké sugarcane plantations was probably due to 

better weed management through systematic herbicide 

treatments regarding all sugarcane plantations to be 

completed three or four months later by some manual 

weeding operations. Weed control prior to 2014-15 

was mainly done manually and therefore less 

efficiently performed by local private bodies in the 

name of Ferké sugar mills (70 %), the 30 % left being 

treated with herbicides by sugar mills on their own. It 

is well known that weeds are responsible for 10 % of 

world agricultural production loss compared to 10 – 
56 % in all Africa (Cramer, 1967 cited par Strickland, 

1969; Traoré and Péné, 2016). 
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Limitations In Performance Of Center Pivots 

From 2010-11 To 2014-15 

Irrigation practices having impeded center pivot’s 

performance in Ferké sugarcane plantations were 

often related to the following factors: 

 Heterogeneous plantations being irrigated by 
center pivots in terms of varietal status (4 

varieties in 4 different blocs could be irrigated by 

a single system provided that two of them were 

grown as early season crops and the other two as 

late season crops); 

 Most important areas harvested under center 

pivots were used as late-season crops with lower 

average yields compared to that of early and mid-

season crops with higher yields for agro-

physiological reasons; 

 Choice of the irrigation system in terms of 
efficacy was not always relevant to the potential 

of high yielding cane varieties such as R579, 

SP70-1423, M2593/92 and M1176/77; 

 Systematic equipment of center pivots with thin 

and low pressure watering nuzzles which are 

prone to organic clogging brings about poor crop 

establishment in plant cane, because watering 

through nuzzles were susceptible to wind with a 

negative impact on uniformity of irrigation 

alongside the center pivot lateral pipe. Moreover, 

Mechanical covering of cuttings in plant cane 

recently adopted was responsible for poor shoot 
emergence due to deeper planting depths (15-20 

cm) under low pressure watering nuzzles. 

 

Irrigation Projects in Africa 

Irrigated lands worldwide covered 272 million ha in 

1998, i.e. about 18 % of cultivated lands (FAO, 1995). 

Only 12.5 million ha are under irrigation in Africa 

over a total of 202 million ha being cultivated, i.e. 6.2 

%. Proportion of irrigated lands in sub-Saharan Africa 

is low as only 5.2 million ha are concerned, i.e. 3.3 % 

of cultivated lands (Oster and Wichelns, 2003).  
 

Nevertheless, irrigation plays a key role crop in 

production as well as food security. On average, it is 

estimated that 18 % of irrigated lands contribute for 

40 % of world crop production (UN, 2013). At local 

level, this ratio strongly varies from one country to 

another although irrigation is often a regional 

development issue as far as arid and semi-arid areas 

are concerned. To better understand the issue of 

irrigation in Africa, an insight of irrigation projects in 

the continent is presented below. A description of the 

state of irrigation in Africa is firstly made. Secondly, 
irrigation in the context of crop production and food 

security with a focus on West Africa. Thirdly, 

prospects on irrigation development in Africa over the 

next decades will be given. It is suggested here that 

African continent be divided into 7 regions on the 

basis of climate and geography which strongly 

influence the issue of irrigation. They are the 

following: North, Soudano-sahelian, Gulf of Guinea, 

Central Africa, Indian Ocean Islands and Southern 

Africa. 

 

Irrigation water use in Africa 

Over Africa, about 85 % of water consumption 

recorded are provided to the agricultural sector as 
opposed to 69 % worldwide, although this figure 

strongly varies from one region to another (Rosegrant 

et al, 2002). Much water consumption for agricultural 

use is recorded in arid regions where irrigation plays 

an important role. Northern countries only stand for 

half of total agricultural water use as opposed to 

wetter regions with lower rates of use: 62 and 43 % 

respectively for Gulf of Guinea and Central Africa 

where rate of water use is much lower than that of 

urban areas. Rate of water use over internal renewable 

resources is an indicator of the intensity of water use 

and therefore of water relative scarcity. Beyond 20 % 
of resources used, pressure or competition is assumed 

to be high. If in general less than 4 % of total water 

resources are used, high discrepancies remain between 

countries inside each region. For example, water use 

is higher than water requirements in the North due to 

important transfer of water between regions through 

the Nile River and the use of fossil resources (non-

renewable deep groundwater) from countries like 

Tunisia and Libya. In general, most arid countries 

obviously maintain the highest pressure on water 

resources (UN, 2013). 

 

STATE OF IRRIGATION IN AFRICA 

Irrigation potential 

The irrigation potential in Africa is unequally 

distributed between regions as it is highly dependent 

on water resources. Due to important discrepancies in 

geographic distribution of hydrological basins in the 

continent, arid zones have much better irrigation 

potential than wet zones because of water transfer 

from wet areas to arid ones. That is the case for 

international river basins such as Sénégal, Niger and 

Chari in West Africa, Nile, Shebele and Juba in 
Eastern Africa, Limpopo, Orange and Zambezi in 

Southern Africa. That’s why the irrigation potential is 

registered following rivers instead of countries. About 

600 million ha of land are suitable for irrigation from 

African great rivers. If, in addition to quality of lands, 

one considers water resources and the economic 

capability of land development, that total decreases to 

42.5 million ha, i.e. more than three times the land 

surface presently under irrigation (De Loc and 

Bjornlund, 2008). Although the uncertainty of 

irrigation potential is high in great wet countries like 
DRC and Angola, only seven (Angola, Sudan, Egypt, 

DRC, Ethiopia, Mozambique, Nigeria) still 

concentrate almost 60 % of irrigation potential in 

Africa as opposed to 5 % regarding as much as 18 

countries (Conner et al, 2008). 
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Irrigation practices 

Irrigation practices are dominated by surface 

irrigation (90 % of irrigated lands). Nevertheless, 

more than one million ha are sprinkler irrigated 

especially in northern Africa (Libya, Egypt, Morocco 

and Tunisia) as well as Zimbabwe and South Africa. 
Although drip irrigation is practiced in 14 countries, it 

stands for about 1 % of irrigated lands.    

 

Irrigated crops 

Irrigated crops split in 6 groupings cover about 10.5 

million ha in Africa, with a well regional distribution. 

Rice as the most commonly grown crop stands for 

almost 1/3 of cropped lands although high 

discrepancies remain between regions. Mainly 

cultivated on swamps and valley bottoms, rice is on 

top of cropping activities in wet zones of Gulf of 

Guinea and Eastern Africa (Jones et al, 1997; Becker 
and Johnson, 2001). It is also well developed on 

plateaus of Madagascar. Among other cereal crops, 

wheat and corn are cultivated under irrigation 

especially in northern and southern Africa (Egypt, 

Morocco and South Africa) as well as Sudan and 

Somalia. Sorghum is mainly grown in the Sudano-

sahelian zone as a rainfed crop. Vegetable crops are 

grown across regions and almost in all countries. 

They cover about 8 % of irrigated lands. Tree crops 

which stand for 5 % of the whole are cultivated 

almost only in northern countries namely with citrus 
production. Irrigated cash crops are represented 

especially in Sudan and southern countries with 

mainly cotton and oleaginous but also with sugarcane, 

coffee, cocoa, palm oil, banana, tobacco and flowers. 

A part from sugarcane which is grown across all 

regions except for the North, irrigated crops are 

generally grown in a limited number of countries. 

Although irrigated forage crops or grasslands involve 

a limited number of countries (northern and southern 

regions), they represent a relatively important part (15 

%) of land surface with controlled watering 

(Rosegrant et al, 2002). 

 

Use of land surface installations for irrigation 

Without reliable data on the intensification rate of 

irrigated lands, that variable can be estimated by rate 

of use of farmland installations for irrigation purpose. 

That average rate varies with climatic conditions 

(water resources for irrigation being affected by dry 

spells) as well as socio-economic conditions of 

countries. If the majority of countries have a rate of 

use higher than 80 %, many of them shows lower 

performance down to less than 50 %. On average, 
about 18 % of land surface supposed to be irrigated 

remain actually not exploited, partly because number 

of mistakes were made in the past regarding land 

management for irrigation (De Loc and Bjornlund, 

2008). 

 

 

 

Economic and financial aspects of irrigation 
Soil management and operational costs for irrigation 

purpose are highly variable from one country to 

another and from one irrigation technique to another. 

They may vary from few hundreds US$/ha for small 

vegetable gardens where family worker is the most 
investment to more than 25000 US$/ha for huge 

irrigation schemes in an inter-land zone like the 

Sudano-sahelian region. These costs which are the 

highest in the world (compared to 1000-2000 US$/ha 

in Asia) impede nowadays the expansion of huge 

irrigation projects as their rate of profitability remains 

always low. Unfortunately, social irrigation instead of 

commercial schemes are most important in terms of 

investment costs. Presently, the trend is to promote 

small-scale private irrigation projects often less costly 

and more productive instead of huge social irrigation 

schemes. 

 

Environment and health  

Africa as well as other developing continents suffer 

from negative impact of irrigation on health and 

environment. Surprisingly, very few data are available 

on this issue in African countries. Soil salinization is a 

reality under certain irrigation schemes in arid 

regions. Although pollution of water is generally less 

important in Africa due to a relatively low level of 

fertilizer and pesticide use, Northern Africa has 

experienced this issue. In Sub-Saharan Africa, 
vegetable crops are much more prone to pollution 

regarding quality of irrigation water mainly in the 

surroundings of cities and overuse of fertilizers and 

pesticides (Connor et al, 2008). Health hazards in 

connection to irrigation development such as 

schistosomia and malaria are very serious concerns in 

Africa. About 90-95 % of death due to malaria in the 

world occur in Africa, although irrigation 

development hazards in the continent need to be well 

documented in order to provide reliable data.     

 

Future development of irrigation in Africa 
Analysis of the trend of main factors involved in 

agricultural development as well as national or 

regional irrigation development strategies allows to 

foresee the development of irrigation in West Africa 

(FAO, 1997; FAO-IPTRID, 1999a,b). Such analysis 

was made recently by FAO in preparation of its 

strategic report on agriculture for 2015-30. Although 

irrigated lands are not supposed to be extended 

considerably, the intensification rate is estimated to 

increase importantly from 129 % in 1996 to 156 % in 

2030 under increasing demand for food supply. This 
is in line of previous analysis about demographic 

growth and urbanization. In other words, irrigated 

agriculture is expected to be intensified, with 

therefore a much better profitability of irrigation 

schemes. Today and probably in the years to come, 

two or three types of irrigation rather than one have to 

be considered. The first one involves highly cost-

effective crops such as vegetables because of high 
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level of investment required which has to be secured 

from climate uncertainty through irrigation facilities. 

Although there is an increasing need for this type of 

irrigation in line of demand from urban areas, it 

concerns a small proportion of irrigated lands, i.e. 3-9 

% in semi-arid zones. 
 

The second type of irrigation which is currently much 

more important and in years to come as well involves 

food crops. Certain crops such as sorghum being 

cultivated less intensively, following traditional water 

management systems, will rather play a role in 

regional development and control of food insecurity. 

In contrast, rice production should keep growing at a 

rate depending on political will of countries in terms 

of promotion of their rice production capacity. Rice is 

adapted to huge irrigation schemes as well as irrigated 

swamps and valley bottoms, although some 
commercial considerations do not enhance its 

expansion. One of the great challenges in rice lies in 

the ability to assure cost-effective production in West 

Africa for the benefit of farmers as well as consumers. 

Irrigation is therefore the image of an agriculture 

which is subject to play many different roles. It is a 

driving force of an intensive agriculture which 

optimizes production factors and which importance 

should grow in the future in line of the extension of 

urban areas. It also promotes rural development as a 

regional development factor through a much more 
social instead economic role. Eventually, it plays a 

strategic role at macro-economic level as it impedes 

the dependence of countries to importation of food 

supply. Each type of irrigation plays a specific role 

regarding food consumption and heath. Although the 

three irrigation types contribute to the improvement of 

food and health conditions of population, they may 

become a threat to population health if not properly 

practiced. Huge irrigation schemes are often 

associated to water borne diseases in addition to poor 

sanitation conditions of vegetable cropping in peri-

urban areas which are harmful to consumers and 
down-stream water users. With hope that his 

contribution will enhance more reliable data on the 

impact of irrigation schemes on food and health 

conditions of people in Africa. 

 

CONCLUSION 

A multivariate factor analysis resulted in four 

groupings of cane yields performed over 5 cropping 

seasons (2010-11 to 2014-15). Not only at early 

season but also at mid-season, the 2014-15 cropping 

season was marked by higher average cane yields 
close to 100 t/ha performed under most efficient 

irrigation systems. As far as the other four cropping 

seasons were concerned (2010-11 to 2013-14), 

average cane yields under center pivots and full 

covering sprinkler irrigation could not reach 80 t/ha at 

mid-season in 2011-12 or at late season in 2013-14. 

The 2011-12 cropping season was marked by a lower 

average yield (70.4 t/ha) compared to that of 2010-11 

(75.3 t/ha) and 2012-13 (73.4 t/ha). In balance, 

average sugar yields were higher in 2011-12 (9.0 t/ha) 

compared to that of 2010-11 and 2012-13 with 8.6 

and 8.4 t/ha, respectively. The 2013-14 cropping 

season was marked by a lower average cane yield 

(68.8 t/ha) due to disruption in irrigation water 
application over one month (occurred in January and 

March 2013) and a shorter crop age (11 months 

instead of 11.6 or 12.5 normally). 

 

From 2010-11 to 2014-15, land surface under center 

pivots has increased by 24.5 %. A higher average 

yield was obtained in 2014-15 with 97.5 t/ha, i.e. an 

increase of 25 % compared to the previous season. 

From 2010-11 to 2013-14, a lower average yield was 

obtained in 2013-14 with 78 t/ha compared to a yield 

variation of 80.7 to 86.4 t/ha from 2010-11 to 2012-

13. It came out that center pivots were most 
represented at late season with an increase in land 

surface of 14 %, from 2010-11 (321 ha) to 2014-15 

(433 ha). That system was moderately represented at 

early season with a land surface proportion varying 

from 21 to 31 %, respectively, from 2010-11 (510 ha) 

to 2014-15 (772 ha). The more adequate arrangement 

lies in much center pivots at early as well as mid-

season where the yield potential of plantations was 

higher because of physiological reasons. 2010-11 and 

2014-15 cropping seasons were marked by average 

cane yields of R579 variety higher than 90 t/ha, i.e. 
97.6 and 91 t/ha respectively. A lower average yield 

(72.1 t/ha) was obtained with that variety in 2013-14. 

In 2011-12 and 2012-13, R579 average yields (82.1 

and 81.5 t/ha respectively) were just acceptable. In 

2013-14 and 2014-15, lower average yields were 

performed with R579 variety at late-season (67.3 t/ha) 

as well as mid-season (74.9 t/ha). 
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