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Introduction 

The part of the world population undernourished is still increasing and the major parts are in 

developing countries. Being a staple food for a large proportion of population particularly in 

developing countries, rice is produced all over the world. In Benin rice has become more 

common in the diets of both rural and urban populations (Adegbola et al., 2003). Moreover, 

the demand for rice in Sub-Saharan Africa (SSA) is growing as the population is currently 

growing at the rate of 3 - 4% per annum and rice consumption is growing faster than that of 

any major food crops (Akinwale et al., 2011). According to Verlinden and Soulé (2003) cited 

by (Agbodjalou, 2009), rice demand in Benin was estimated to be 93,172 tons in 2005 and 

will increase up to 132,750 tons in 2015. This strong consumer demand for rice calls for 

intensive production. But this is not yet a reality in Benin nor in sub-Saharan Africa. It is 

appropriate to increase rice production to reduce hunger and prevent the future demand 

resulting from population growth. Rice is cultivated in various ecosystems in Africa, with 

upland and lowland being the most common ones (Fageria et al., 2003). Ahoyo (1996) defines 

three rice production systems in southern Benin named: rainfed production system and 

irrigated production system.  In SSA the major part (40%) of production is growing in upland 

but this contributes to only 19% of the total rice production when only 14% in irrigated 

ecology contributes to 33% of the total production (AfricaRice, 2011).  Upland production is 

rice cultivation on plains under rainfed conditions where it is confronted to various constraints 

mainly weeds, birds, poor soil fertility, flooding, drought, diseases and insects (AfricaRice, 

2011), soil degradation caused by shortened fallow periods, water resource scarcity caused by 

unstable rainfall and groundwater depletion (Abe et al., 2011). Lowlands are widespread and 

unexploited over SSA and are claimed to have a high potential for rice cultivation due to 

higher water availability and relatively high soil quality than the surrounding uplands 

(Windmeijer and Andriesse, 1993; Anan-Afful et al., 2005). Benin is one of the countries of 

West Africa which has significant hydraulic resources and hydro-agricultural spread over the 

whole country. Currently, less than 600 ha are used out of 205,000 ha of inland valleys 

available in Benin (Gbaguidi, 2012). Inland valley systems have a high potential for 

expanding the area under rice cultivation. One of the advantage is that rice production will not 

compete with other crops as these crops in most cases are not suited to this ecology, compared 

to culture on upland. It is therefore beneficial to conquer these unexploited areas especially in 

Benin for more efficient production of rice. This requires the use of more efficient 

management practices of soil and water. 
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Soil fertility is one of key constraints that affect production. Soil fertility is defined by several 

authors as the ability to bring the plant nutrients needed for obtaining a good yield (Boiffin et 

al., 1982; Pieri, 1989; FAO, 2006). Soils are still unable to give crops all the elements 

necessary for a better performance, according to the requirements of these crops. Thus, 

external inputs such as fertilizers and organic fertilizers in case of deficiency are added. In 

Africa, low external contribution of nutrients as fertilizers is one of causes of low crop yields 

adding to practices detrimental to culture (IFA, 2007). In the case of inland valley, this may 

be due to practices like the removal of crop residues (Dobermann, 2003) following a deficit of 

nitrogen, and mismanagement of the irrigation (Bernard, 1995). Moreover, fertilization and 

irrigation are the main concerns of land management of lowland (paddy soils) (Yang et al., 

2004). The lack of control techniques for soil conservation and water management leading to 

land degradation, a major constraint of the environment with serious impacts on agricultural 

productivity through a decrease in soil fertility and sustainability (Djihinto, 1997, Qadir et al., 

2007). It is appropriate to identify a rational system of water management that allows both 

farmers and the crop to increase yield with little water (Zwart et al., 2004) and improving soil 

fertility. 

The system Sawah helps manage water and facilitates the management of soil fertility by 

providing an opportunity for rice intensification (AfricaRice, 2010). The designation “sawah” 

is Malayo-Indonesian and corresponds to the “paddy”. It consists of bounded, puddled and 

leveled fields with inlet and outlet for drainage (Wakatsuki, 2007). This system already 

existed in Asian countries and is being implemented in the slums in sub-Saharan Africa, given 

its benefits in these countries of origin, with the goal of sustainable management of soil 

fertility and water productivity. Many long-term field trials demonstrated that the sawah 

system is a highly productive and sustainable rice farming method due to its natural nutrient 

replenishing mechanisms (Kyuma and Wakatsuki, 1995; Greenland, 1997) cited by (Abe et 

al., 2011). Study shows that sawah treatment gave the highest grain yield compared to 

farmer’s practices at Ghana (Issaka et al., 2009). According to these authors, puddling and 

leveling aimed to reduce loss of water through percolation, while bounded and leveled 

treatments resulted in uniform plant growth. A set of practices comprising all these methods 

like sawah treatments would increase the productivity of both water and grain. Sawah system 

development can improve rice productivity in the lowlands to a great extent when applied in 

combination with improved varieties and fertilizers (Becker and Johnson, 2001; Sakurai, 

2006; Touré et al., 2009) cited by Abe et al. (2011). This study aims to evaluate the effect of 
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the potential of this system through the evaluation of soil fertility in rice subjected to sawah 

system. 

2. Objectives and research hypothesis 

2.1. Objectives  

The main objective of this study is the evaluation of soil fertility and nutrients management 

under sawah and compared to traditional system. Specifically it is to: 

O1- Determine soil properties (pH, organic carbon, nitrogen, CEC and iron) that influence 

crop production,  

O2- Assess the effect of different management practices on plants growth crop yield and 

nutrients uptake. 

2.2. Research hypothesis 

The following research hypotheses are derived from above objectives: 

� Soil initial status is suitable for rice culture, 

� Water management combined with fertilizers use affect plants growth, 

� Water management and fertilizer use affect yield and nutrients uptake. 
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3. Literature Review  

3.1. Soil fertility definition 

From an agronomic point of view, Boiffin et al. (1982) define fertility as the ability of a 

controlled environment in relation to functions that the environment should required for 

successful production. The components of fertility are the characteristics of the environment 

that corresponds to these functions. For Pieri (1989) and Djegui (1992) it is the soil's capacity 

to supply plants with nutrients, water, oxygen and heat to ensure larger yields when it applied 

with suitable agricultural techniques. The state of soil nutrients directly affects crop growth 

and yield formation (Homma et al., 2004) therefore performance is affected too. According to 

Veldkamp (1996), the fertility of a soil is defined not by the absolute amounts of elements 

present in the soil, but by the ratio of elements and the degree of soil acidity. The contribution 

of a certain element can lead to enhanced absorption of another element. Conversely, the lack 

of a certain element can inhibit the absorption of another element even though there is 

sufficient or may be due to the presence in excess of another. This notion exceeds the 

availability of nutrients, in particular it includes the content of soil organic matter, structure, 

water holding capacity (Kante, 2001 cited by Azontondé, 2004), its origin (alluvial soils, soils 

derived from different types of bedrock, etc.), and management of soil fertility by the 

producer in the past (Wopereis et al., 2009). 

Soil fertility is perceived as an old concept that gives way to the concept of soil quality 

(Chassod, 1996). However, FAO (2006) presents soil fertility as soil quality and is a 

component of soil productivity. However, soil quality is generally defined as the potential of a 

soil to perform functions in an ecological system and treated as agricultural productivity and 

sustainability (Ewing et al., 2011). According to these authors, it is assessed through physical, 

chemical and biological soil, which corresponds to soil fertility components. This concept 

differs by the fact it focuses not just productivity. This concept of quality is rather linked to 

soil functions to achieve goals. One of these objectives is agriculture. This shows that soil 

fertility is only one component of soil quality. 

The concept of soil fertility has greatly evolved but retained its overarching objective of 

productivity through the provision of nutrients to the plant through the soil while protecting 

the soil for sustainable production. It is estimated that through the physical, chemical and 
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biological soil properties. All these authors revolve around these keywords. This trial will 

focuss on soil chemical properties specifically. 

3.2. Soil fertility assessment in inland valley under rice culture 

3.2.1. Characteristics of inland valleys 

The term Inland valley means "bas-fonds" in French. Other names in English exist and are 

often mistaken for the same term "Inland valley"  which are "lowland" when it comes to 

distinguishing topographic, "paddy soil" when it comes mainly from rice production. The 

Inland Valley Consortium defines inland valleys as the upstream drainage networks, where 

alluvial deposits are nearly or completely absent. Small valleys include lowlands and 

floodplains side covered with alluvial deposits, which can be submerged for a period of years 

(Kiepe, 2010; Windmeijer et al.,1993). 

A study to investigate the distribution of soil properties of inland valleys in West Africa 

showed that the parameters of soil fertility vary widely in different geographical areas and are 

more strongly influenced by geology including the nature of parent material that the climate 

or relief (Issaka et al., 1997; Abe, 2006). These soils have a very effective mechanism of 

nutrients replenishment and resistance to soil erosion that are less fertile and suitable for 

growing rice (Wakatsuki, 1995; Issaka et al., 1997). Lowlands are a widespread topography in 

West Africa and have great potential for agricultural development, including the cultivation of 

lowland rice (Abe et al., 2007). Most lowland or rainfed lowlands are characterized by 

undulating topography and a high spatial variability of environmental conditions (Tuong et 

al., 2000 cited by Boling et al., 2008). It should be noticed that small differences in elevation, 

can lead to differentiation in soil properties and hydrological conditions (Tsubo et al., 2006). 

A study of inland valleys in South Asia showed that there is a significant effect on the 

toposequence hydrology, the organic carbon and clay content. The position in the 

toposequence does not imply, according to this study a recommendation in the management 

of weeds or the application of fertilizer rates (Boling et al., 2008). A study to determine the 

mineralogy of lowland soils in order for better management of these lands indicated that the 

low fertility observed in these regions is related to their low mineralogical characteristics 

(Abe, 2006). There is a predominance of 1:1 type clays compared to 2:1 type that are less 

abundant. This study found no significant difference between the lowlands and floodplains 

regarding these mineralogical characteristics. 
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3.2.2. Factors influencing fertility of lowland rice 

The evaluation of soil fertility has been made by many authors after some years of culture. 

This is very useful in determining the sustainability of a cropping system (Hafele et al., 2004). 

In the case of articles studied this period ranges from 16 seasons of intensive cultivation to 41 

years. These experiments have often addressed only for the topsoil 0-20 cm depth. Various 

parameters were considered, including the soil pH, nitrogen, phosphorus, potassium, organic 

carbon, bulk density, porosity, CEC and organic matter. 

In flooded rice fields, the organic matter is reduced at a slower rate than its accumulation. 

This is explained by the formation of complex organic molecules with fractions of organic 

matter (Sahrawat, 2003). However, the soil organic matter affects various physical and 

chemical characteristics of soil and nutrients occur in plants importantly for agricultural 

production (Hafele et al., 2004). According to these authors, changes in soil organic matter 

(SOM) as a result of cultures are an important indicator for assessing the sustainability of a 

cropping system. Organic matter, especially dissolved part, is a source of nitrogen to the plant 

via mineralization of organic carbon produced. Lu et al. (2010) showed that it depends 

significantly on the level of soil fertility and how they are used. Soil organic carbon (SOC) 

plays a key role in improving soil quality including soil fertility and sustainability of 

production (Lee et al., 2009). Carbon dynamics and nitrogen balance are affected by the 

quantity and quality of organic matter transported. According to Li et al. (2010), the effect of 

dissolved organic matter on mineralization of carbon and nitrogen depends on soil type and 

these two parameters improve in proportion of the improvement of soil fertility. When 

dissolved organic matter (DOM) is taken off the mineralization of organic nitrogen 

accumulated in the soils decreases significantly and the decreases were characterized by 

seasonal variations. This indicates that, although it represents only a small part of SOM, the 

dissolved DOM plays an important role in transformation of nitrogen in paddy soils of 

subtropical China. It is important to notice that sequestered carbon does not induce an 

increase in the mineral carbon to make it available to the plant (Zhang et al., 2007). Hafele et 

al. (2006) stated that organic matter is not the only source of nitrogen for the soil. According 

to these authors, other sources such as ammonium-exchangeable and non-exchangeable, are 

easier to quantify and show the nitrogen supplied by the ground including the assessment of 

plant uptake (Hafele et al., 2006). 
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Besides nitrogen, phosphorus is an element that potentially limits rice yields. In West Africa, 

Hafele et al. (2004) proposed the addition of Phosphorus and Potassium in the average 

quantities of 26 Kg/ha and 50 Kg/ha respectively while keeping the rice straw in the field 

after harvest. Addition of organic amendments combined with NPK fertilizer, such as 

compost from rice straw is recommended to correct this deficiency in China. This causes a 

high microbial activity favoring the accumulation of the inorganic fraction, plant available in 

the medium (the cultivated layer) (Lee et al., 2004). It was shown that application of compost 

also increases the total SOC and soil physical properties, promoting the sustainability of 

production (Lee et al., 2009). Organic amendments enhance the yield of rice (Lu et al., 2010). 

 

Figure 1: Variation of decline in cumulative mineralization of soil organic carbon 
(SOC) after removal of dissolved organic matter (DOM). Source: Li et al. (2010). 

 

HT, LT and UT are respectively the high fertility, low soil and paddy soil plains of sandy 

soils. HQ, MQ, LQ and UQ are respectively high, medium and low soil fertility and soil of 

paddy from the red clay plain; RA stupid paddy soils derived from alluvium.  

This graph above (Figure 1) depicts the effect of removal of dissolved organic matter (DOM) 

on nitrogen showing its importance in the provision of nitrogen for the plant. 
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Figure 2: Contents of total carbon in soils in relation to paddy cultivation for 41 years. 
Source: Lee et al. (2004), (*** significant at 0.1%). 

 

After 41 years of application of different treatments, this graph shows the evolution of organic 

carbon in arable soils in southeastern Korea. Soils are subjected to different treatments as 

shown in the figure above. The use of compost NPK favors more coupled to the formation of 

total carbon and therefore increases proportionally the organic carbon available to the plant 

while promoting microbial activity and thus the available nitrogen. 

3.3. Impact of soil fertility on rice cultivation system under sawah 

3.3.1. Effect of rice culture under sawah system on soil fertility 

3.3.1.1. Rice culture 

Of all the rice production systems (upland, lowland and irrigated), the best rice yields are 

obtained from irrigated rice system with a yield of 4 T/ha average in Burkina Faso (Illy, 

1995). This could be competitive in the market, particularly with the introduction of NERICA 

(Adegbola et al., 2005). Furthermore, the alternately flooded system has been shown to 

significantly promote better absorption by plants than continuously flooded fields and 

improves performance. Moreover, this would reduce iron toxicity of rice (Yang et al., 2004). 

In some countries, crop residues (e.g. straw) are washed away, reducing the soil organic 
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matter and consequently a deficiency of nitrogen is often observed (Becker et al., 2006). 

However, the cultivation of lowland rice is much more dependent on soil fertility (Gurusamy 

et al., 2007). This author stated that nitrogen is the element that limits the productivity of rice. 

While in SSA they are 40% grown in upland (contributing to only), 37% in rainfed ecology 

with 48% of the total production, 37% in rainfed lowland ecology (48% of the total 

production), and only the rest 9% is occupied by mangrove rice and dept-water (AfricaRice, 

2011). 

Rice was predominantly produced in (rainfed) upland ecology in West Africa 20 years ago, 

while its contribution to the production and cultivation area had sharply decreased by 2000 

(Abe et al., 2011). 

3.3.1.2. Effect of water management and fertilizers on nutrients uptake under irrigated rice systems 

Macronutrients are some of important nutrients for plants growth and production. This revue 

will limit on only three of them: nitrogen, phosphorus and potassium.  Nutrient uptake can be 

defined as the amount of this element which is accumulated in the plant. It is one of 

component that permits to assess nutrients use efficiency (Tayefe et al., 2011; Saleque et al., 

2006). Previous studies showed that nutrients uptake especially N, P, and K in irrigated rice 

are significantly influenced by genotype and fertilization which permit achieving high yield 

potential (Zhang et al., 2011).  

The presence of water is also very important to achieve higher rice productivity. According to 

Beyrouty et al., (1994), the presence of flood provides an optimum growth, nutrients uptake 

and yields. But this concerns not only the availability of water but an efficient use also. 

Significantly higher uptake of N, P and K was noticed in System of Rice Intensification (SRI) 

method of cultivation as compared to the traditional method of cultivation at all growth 

stages. An experiment compares system of rice intensification (SRI) with standard rice-

growing methods including traditional flooding (TF) and assess different parameters such as 

water use efficiency, nutrients (N, P, K) and their internal use efficiency. This trial showed 

that the SRI management induced more nutrient uptake than traditional flood (Zhao et al., 

2011; Janaki, 2006). Authors explained it by the transplantation of younger seedlings which 

contribute to more prolific root growth (Zhao et al., 2011) added to the alternate wetting and 

drying which  improved the soil aeration and thus root activity under SRI (Janaki et al., 2006). 

Another water management system contributes also to nutrient use efficiency; the sawah 

system, adaptable to lowland is demonstrated to increased nutrient utilization, their uptake 
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and the use efficiency of both nutrients and water especially for rice production (Buri et al, 

2011).  

Nitrogen is essential for rice, and is the most yield-limiting nutrient in irrigated rice 

production around the world (Samonte et al., 2006). Tayefe et al. (2011) and Artacho et al. 

(2009) demonstrated the effect of increasing N fertilization on N uptake in plants. They 

concluded that grain and straw N uptake increased significantly with N application. 

Moreover, higher grain yield lead to higher N uptake (Artacho et al., 2009). 

Beside nitrogen, phosphorus deficiency affects not only its concentration in wheat and rice 

but also Manganese and Calcium concentration (Saleque et al., 2006). A study evaluating 

phosphorus uptake and balance in rice-wheat sequences preceding with either maize or 

mungbean in three years demonstrates that the total (grain and straw) potassium uptake by 

various crops varied significantly with fertilizer management treatments (Saleque  et al., 

2006). 

As an important macronutrient affecting rice productivity, potassium uptake is shown 

significant in a rice-wheat system. Authors revealed the depletion of this element is caused by 

removal of post harvest residues (Panaullah et al., 2006). 

As an essential component of nutrient use efficiency, nutrient uptake by plants is important to 

assess. Because it would determine the quantity of each element necessary to increase 

productivity and then avoid losses and environmental problems induced by such element 

excesses. This concerns not only rice cultivation but also other crops and is also specific to 

each cropping for sustainable productivity. Therefore, it would be interesting to assess this 

concern under sawah system in the case of Bamé inland valley. 

3.3.1.3. Effect of Sawah system 

Sawah is an artificial improvement which refers to leveled, bounded, and puddled rice field 

with water inlet and outlet to control water and manage soil fertility, which may be 

connecting irrigation and drainage facilities (Wakatsuki et al., 2007). The connection can be 

made with various facilities such as irrigation canals, ponds, pumps. A study of assessing the 

effects of green revolution including intensive production from 1970 to 2003 on seed farms 

under sawah system and not, showed a significant increase in levels of total carbon and 

nitrogen total with the time especially in the topsoil (0-20cm). This increase was significantly 

less pronounced in rice monoculture compared to rotation (Darmawan et al., 2006). However, 
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this study showed that the effect of the properties of soil types could be offset by a long-term 

use of sawah system. Buri et al. (2011) stated that rice cultivation under sawah system in 

inland valleys in Ghana has led to significant improvement in soil and water management.  

Rice cultivation based on sawah system could overcome both the problems of soil fertility and 

the scarcity of water resources (Oladele, 2011). The sawah-based rice farming system also has 

advantages in soil fertility management and water harvesting. Furthermore, accelerated 

organic matter accumulation in soils under the sawah system and in tree biomass and upland 

forest soils would contribute to carbon sequestration and global warming mitigation in the 

future (Abe et al., 2011). A study on the site of Bamé in Benin, comparing the effect of water 

management (Sawah versus traditional) on rice production in terms of water productivity, 

yields, fertilizers (NPK) use and production of weeds showed that there is a significant 

difference in percolation rate based on toposequence and between treatments (fertilizer) 

(Schmitter, 2010). According to the author, this difference could be related to soil texture but 

this was not proven in the study. Further analysis regarding the physical properties of soil and 

groundwater measurements and root development was suggested to help understand and 

clarify the effect of toposequence and fertilizer found. 

Puddling means the destruction of the soil structure through intensive ploughing of the wet 

soil and it fostered a soft bed for seeding and/or transplanting, percolation losses are reduced, 

weeds can be better controlled, and the fields are slightly leveled (Windmeijer and Andriesse, 

1993). According to the same authors, a disadvantage of puddling is that the soil structure 

becomes less favourable for dry land cropping after rice cultivation. An experiment was set up 

in Ghana comparing farmer’s practices where plots were ploughed and puddled; bounded 

non-leveling field with bounded, ploughed and puddled plots; bounded and leveled field 

which plots were bounded, ploughed, puddled and leveled and sawah which plots were 

bounded, ploughed, puddle and leveled with supplementary irrigation when necessary (Issaka 

et al., 2009). These authors demonstrated that the sawah is the one that gave the highest yield. 

Nevertheless, each of these methodologies is important in water and soil management, which 

permit an increase of yield.   

The sawah system offers new benefits such as aquaculture coupled with rice production. A 

test was conducted at Ghana to assess the impacts of aquaculture on rice performance. It was 

shown that the development of aquaculture in rice fields subjected to sawah system has no 

significant adverse effects on culture and is recognized by the authors as a sustainable and 
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economically very attractive for smallholders (Ofori et al., 2010). Further studies are 

underway on the evaluation of certain options such as the establishment of vegetable crops in 

rotation with rice cultivation. These exploratory studies are primarily in areas newly 

conquered by the system, including sub-Saharan Africa. Buri et al. (2011) showed lowland 

rice cultivation could be profitable, particularly under the “Sawah” system. They noted an 

increase of the net profit from rice cultivation under “sawah” system for some groups of 

farmer over a five year period with mean net revenue ranged from US $1,500 to US $2,800. 

While for each year net mean profit per hectare was positive and continued to increase with 

time and the net mean production cost tended to stabilize with improved management.  

 

Figure 3: Vertical distribution of total carbon (TC) and total nitrogen (TN) in 
Inceptisols (In, n = 24) and Vertisols (Vt, n = 14) in Java, Indonesia from 1970 to 2003. 
Source: Darmawan et al. (2006). 

 

Figure 3 shows that there is no significant difference between these two soil types. Cropping 

system based on sawah eliminates the effect of "soil type" in the long term. It is also observed 

an increase in the content of these elements over the years and gradually in the cultivated 

layer. Cracks observed in clayey vertisoils did not exist in the system sawah. 
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3.4. Effect of different management systems under irrigated rice culture on SPAD value 

3.4.1. SPAD meter: running 

SPAD-502Plus also called chlorophyllmeter is an instrument that measures chlorophyll 

content, an important for understanding the growth and nutrient conditions plants directly on 

plant leaves and indicates the SPAD which is an index value correlates with the density and 

chlorophyll content. Chlorophyll meter is used to evaluate nitrogen content in leaves since 

most of the nitrogen is in chlorophyll (Guenette, 2003). This estimation instrument is quick, 

easy to use and is useful for analysis proceeded at field. This instrument can measure the 

potential photosynthetic activity related to leaf chlorophyll content, nitrogen status of the 

culture and the greenness of the leaf (Naher et al., 2011). It evaluates the transmission of light 

emitted from a Light Emitting Diode (LED) through the leaf using the red and infrared 

(wavelengths used are 650 and 940 nm) (Minolta Co. Ltd. 1989).The information obtained by 

the chlorophyll is a number without unit but conventionally it is attributed to these readings an 

unit called SPAD (Soil Plant Analysis Development). Given the variations in texture 

influence the SPAD value resulting, it is advisable to take several measurements on the same 

plant and averaged for a measure (Minolta Co. Ltd. 1989).  

3.4.2. Effect of different cropping systems on SPAD values  

This instrument is used in many researches. Especially for site-specific management, or 

assessment of systems based on nitrogen fertilization. 

In India, previous studies showed that N fertilizers management based on chlorophyll meter 

increased N use efficiency and reduced N requirement of rice from 12.5 to 25% without yield 

losses (Naher et al., 2011). Then it is an environmentally safe method because it allows 

addition of fertilizers only if necessary. It is used to monitor plant needs during its growth.  

Gholizadeh et al. (2009) and Jiwen et al.(2009) stated that SPAD readings indicate that plant 

nitrogen status and the amount of nitrogen to be applied are determined by the physiological 

nitrogen requirement of crops at different growth stages. So plant needs depending on stage 

growth can be easily determine using SPAD values. That means that the SPAD readings can 

reflect plant N requiring status at different growth stages (Jiwen et al., 2009). The position of 

leaves is also crucial in SPAD readings. It is demonstrated that lower leaves are better 

correlated with the total N in whole leaves and plant than the upper ones (Li et al., 2007). 
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Jiwen et al. (2009), analyzing the sensitivity of the SPAD readings of the same leaf at 

different leaf ages to N rates found that SPAD readings of the lower leaves which were 

physiologically older than the upper ones were more sensitive to nitrogen rates.   

SPAD value was also used on winter wheat (Triticum aestivum L.) in England at anthesis to 

predict nitrogen need %N in grain at maturity and the need for post-anthesis fertilizer to boost 

grain protein (Lopez et al., 2004). These authors determined the critical SPAD value which 

was 52.4 for 2.3% grain N. SPAD meter is used for all types of crop not only cereals. SPAD 

Critical value that allowed the highest tuber yield on potato (Solanum tuberosum L.) was 

determined in Brazil using different rates of nitrogen fertilizers in wet and dry seasons. These 

values showed in dry and wet seasons are respectively 42.2 and 35.2 obtaining tuber yield 

respectively of 39.88 and 44.46T/Ha. A study aimed at the determination of nutritional 

deficiencies from chlorophyll meter on potato shows that fertilizers contribution provides high 

SPAD values (Guenette, 2003). Also, the influence of growth stages has been proved by this 

author. According to rice culture, Peng et al. (1996) kept a threshold of 35 for SPAD values 

which is equal to 1.4 – 1.5 g N m2 of leaf area in semidwarf Indica variety. They considered 

that fewer than 35 the plants explain N demand and testified the relative increase of SPAD 

value in wet season than in dry season, under rice culture (Peng et al., 1996). While 

Balasubramanian et al. (2000) concluded that the SPAD threshold value was around 32 for 

both dry season and wet season in direct seeded irrigated rice system. 

It would be interesting in future research to calibrate SPAD values specifically on NERICA in 

sub-Saharan Africa conditions and in particular in inland valleys of Benin for a more efficient 

management of fertilizers. But also the compared effect of the sawah and traditional systems 

combined with the contribution of fertilizer on SPAD measures remains unproven. This latter 

will be one of objectives of this work. 

3.5. Environmental impacts 

Rice production in irrigated systems has adverse effects on soil conditions. This section refers 

to some of them as iron toxicity, nitrate loss, degradation, salinization, alkalinization 

sodification and emission of greenhouse gases. Iron toxicity is a phenomenon observed in 

cultured lowland rice specifically in flooded soils, due to strong absorption of iron (as Fe++) 

by the roots (Becker and Asch, 2005), which strongly influences rice production. In Togo, this 

phenomenon has resulted in yield losses (Aboa, 2006). Becker and Asch (2005), proposed to 
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solve the problem of iron toxicity with an integrated approach. Vast research has been done 

and the authors proposed the varietal improvement (including resistant varieties), better 

drainage management, late transplantation, and various organic amendments such as rice 

straw, the rice husks, ashes of rice straw (Audebert et al., 2006). The addition of zinc in the 

mineral fertilizer was also efficient. The presence of this element in soil where there is 

excessive iron could promote rice cultivation. But this depends on the availability of this 

element in soil. In soils that suffer from iron toxicity it could be suspected a zinc deficiency or 

low availability for plant. According to Kashen and Singh (1999), the normal level of zinc in 

plants is 20 to 100 mg / Kg. Since then no more precise study was made in this direction on 

paddy soils. An assessment of the potential of soil of this element is useful to maximize 

availability of this element in lowland rice culture. To evaluate this deficiency a simple 

chemical extraction methods or sequential is often used (Kashem et al., 2007). Chowdary et 

al. (2008) showed that the 1 M HCl could be used to evaluate phyto - availability of heavy 

metals such as zinc. 

With preferential flow, water percolating can be charged in nutrients or suspended materials 

which are transported in depth (Adiscott, 1994). There may be exchanges of elements. These 

may or may not be adsorbed by the soil particles. In the case of urea, which turns into nitrate 

when it is applied, it is not adsorbed by soil particles and it percolates directly and pollutes 

groundwater (Chowdary et al., 2003). These authors predicted nitrate loss from urea 

fertilization with a model that takes into account all the steps and the whole course of nitrogen 

from soil to plant. They estimated the amount of nitrate leached into groundwater to improve 

fertilizer management. When it is applied to the soil, urea is converted to ammonium by 

hydrolysis and nitrate by nitrification. Ammonium is taken up by the plant while the nitrate is 

transported by water that percolates and is not adsorbed by soil particles. The model of 

Chowdary et al. (2003) only considers the vertical structure and does not take into account the 

lateral flow. It was noticed nitrogen losses in a wheat-rice rotation, both on upland than in 

lowlands at Nepal, especially during the transition period where there is no culture. Despite 

the establishment of a culture with a short cycle, there is still a negative balance of nitrogen 

ranging from -37 to -84 kg/ ha (Becker et al., 2006) although this alternative has managed to 

reduce nitrogen losses and increased yields. To overcome this resultant deficit from nitrogen; 

these authors propose the addition of organic or mineral fertilizers. 

In addition, irrigation in semi-arid conditions on sandy soils and lack of drainage facilities 

may induce degradation of soil, salinization, alkalinization and sodification (Bruggenwert et 
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al., 1995, Bertrand, 1995). The prediction of soil degradation from the model SODIC was 

made over a period of 35 years taking into account physical, chemical and physico-chemical 

properties which are respectively water transportation, exchangeable cations and precipitation 

and dissolution. They deduced that sodification and salinization simulated depend largely on 

the amount of groundwater that rises by capillarity, the initial soil pH, CO2 initial soil, and 

cropping intensity (Bruggenwert et al., 1995). They stated that these phenomenona are 

strongly influenced by water management. In at least 75 countries worldwide this 

phenomenon of soil salinity and sodicity were observed and persists mainly in agricultural 

production systems that have adopted an irrigation scheme (or irrigation-based) (Quadir et al., 

2007). Since the chemical amendments can mitigate this effect in soils are expensive to 

producers, these authors propose the phyto remediation (species accumulating in the shoots, 

which can be removed in the soil. This will allow sustainable and environmentally friendly 

agriculture (Qadir et al., 2007; Issaka, 2011). 

Salinization process, by which soils become salty, corresponds to the accumulation of highly 

soluble salts in the soil, which results in a decrease in soil fertility (Issifou, 2011). Following 

his work on salinization of irrigated areas of Niger, the author proposes a scheme of soil 

functioning. Here we present only the case of irrigated soils. He defined three periods: during 

the dry season, inter-culture and during the rainy season. During these periods different 

processes involved in soil salinization. Which must be taken into account for better soil 

management in order to address this problem?  
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4. Materials and Methods 

4.1. Description of the research area 

The inland valley of Bamé is located in Zagnanado town in the department of Zou with 2 ° 24' 

as East longitude and 7 ° 12 as North latitude. This lowland is delineated by two permanent 

streams. One of them is located at the south of the site and named an "Assantin" which 

originates from a perennial flow of water "Agluiglui" from resurgence at the end of a hill 5 

km west of the site in the village Agonlin-Houégbo. The second one named Tadoo is located 

at the north which is fueled by the same resurgence. The site drains from north to south in its 

lowest part with the presence of a poorly marked minor bed (0.1 m deep) and then flows into 

the river Ouémé through the inland valley of Zomon (Figure1).   

4.1.1. Agricultural activities 

Agriculture is the main production at Bamè. Farmers use manual technics such as hoe, 

machete, and daba and use shifting cultivation. The main crops are maize (Zea mays) and 

sweet potato (Ipomoea batatas). It also cultivated peanut (Arachis hypogaea), cowpea (Vigna 

spp) and cassava (Manihot esculenta). Specifically, in floodplains, are grown in taro 

(Colocasia esculenta), rice (Oryza spp), sugarcane (Saccharum officinarum) and gardening. 

The vegetables grown are pepper (Capsicum spp), tomato (Lycopersicon esculentum), okra 

(Abelmoschus esculentus), the great nightshade (Solanum  spp), amaranthe (Amaranthus spp), 

and the squeaking (Corchorus olitorius). 

Fishery is the second activity of the valley after agriculture. In addition, several other 

activities are include transformation of agricultural products (palm oil, palm kernel oil, peanut 

oil cake, cassava flour, soaps and other) small business (basketry, carpentry, masonry, 

tailoring and other), and petty trade in manufactured goods. We can also find the hunting, 

herding sheep, pigs and poultry. 
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Figure 4: Map of Bamè (Adapted from Djagba, (2006)) 

4.1.3. Climatic characteristics 

4.1.3.1. Rainfall 

As in the general case in southern Benin, the pattern of rainfall is bimodal. There prevails a 

wet tropical climate subequatorial type. We distinguish four seasons: two dry seasons and two 

rainy seasons. Figure 5 shows two rainy peaks that mark the two rainy seasons of unequal 
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duration, separated by dry seasons. One rainy season which starts from March to July (long 

rainy season) and the second (short) season which is from September to October. This 

division of the two seasons is not as noticeable in the graph (figure 5) which shows an average 

of thirty years (1981 - 2010) while it is shown with our own data recorded on the site in 2011 

Bamè (Figure 6). The maximum rainfall is 234 mm of water for the rainiest month in 2011 on 

the site of Bamè (our own data) while in agro-ecological zone, we obtained a maximum 

average of 157mm of water.  

These two rainy seasons allow an intensified production of rice in this inland valley since 

water is not a limiting factor in this agro-ecological zone. Thus, production of rice at Bamè is 

done twice during a year. It has been separated one called wet season and the other dry season 

cultivation considering the rainfall patterns. Wet season cultivation extends from March to 

May and the dry from September to November. 

4.1.3.2. Temperature 

Temperature is an important factor because it affects respiration and photosynthesis of the 

plant. Figure 6 depicts daily average temperatures recorded at the site of Bamè in 2011. The 

average monthly temperature varies between 25.1 and 27.8°C. The hottest month is March. 

 

 

Figure 5: Average rainfall recorded at meteorological station at Bohicon (1981-2010). 
Source: ASECNA, Cotonou 
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Figure 6: Rainfall and temperature in 2011 (Source: weather station Bamé)                                              

4.1.3.3. Solar irradiation 

Light is an essential factor in photosynthesis and is therefore central to the life of the plant. It 

is therefore important in plant growth. Monthly variation in income shortwave solar radiation 

at the site of Bamè are recorded and presented on the figure above (Figure 7). 

The monthly insolation average varies from 210.6 to 130.7 Watt/m² (weather station Bamé). 

These values of insolation are favourable to the healthy development of rice. 

 

Figure 7: Solar Irradiation in 2011 (Source : Weather station Bamé) 
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4.2. Experimental design 

The experiment was set up in the part of inland valley that is irrigated, and has not been 

subjected to flooding during the rainy season. The following figure shows the experimental 

design installed on the site of Bamè. 

 

Figure 8: Experimental design at Bamé 

Figure 9: Map of field experiment at Bamé showing six toposéquences from the most 
highest to the lowest level  
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The experimental design adopted is a split-split plot with four factors: 

The major factor was the system of water management with two sub-factors: the traditional 

treatment system which is practiced by farmers and consisting of irrigating everyday and the 

second sub-factor sawah treatment which is to irrigate only when necessary. 

Secondary factor was fertilizer application, toposequence and seasons with description below:  

Mineral fertilization: two fertilizer treatments were applied within each treatment of water 

management to assess the absorption of fertilizers under these conditions. Two rates were 

considered control plots with no fertilizer and plots were fertilizers was applied at the 

amounts of 109 Kg/ha of N, 18 Kg/ha of P and 17 kg/ha of K. The same treatment was 

applied whatever the season (dry and wet season). 

Toposequence: It was taken into account the length of the field that is 60m, within six plots of 

10m was defined; these plots were located on the slope which is transverse to the main 

channel crossing the site. Six levels were obtained: top1-top2 top3-top5-and-top4 top6. 

Seasons with two modalities: The experiment was achieved for 2 seasons in each year: Dry 

season generally from February to June and wet season from August to December. This factor 

was added for this topic because of the variation suspected between two seasons according to 

yield components. 

This device is especially randomizing according to disposition of treatment lines that is to say 

the repetitions that are completely random. But the plots within are not randomized. 

Each plot is a surface of 100 m² (i.e. plot containing a type of fertilizer treatment within a type 

of water management treatment). These plots are drained and irrigated separately. Each plot is 

marked with a distance of 1m to avoid contamination of fertilizers in the two systems (sawah 

vs. traditional). The whole experiment was conducted in area of 4800 m². 

4.3. Plant material 

The plant material has constituted with NERICA-L 19. This variety was grown for two 

seasons: dry and wet seasons under irrigation. Indeed, the objective of this study is to adopt an 

intensification of rice cultivation in Benin’s under lowlands conditions.  
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NERICA L-19 is one of the most promising lowland varieties. In fact, it showed low 

susceptibility to disease and insect attack (WARDA, 2005), good resistance to major lowland 

stresses like iron and aluminum toxicity (Schmitter, 2010). This variety is one of the least 

demanding of mineral elements (nitrogen and phosphorus). Therefore, it appears as one of the 

best varieties that enhance the fertilizer provided (Sanogo et al., 2010). A study comparing 

many rice varieties performances shows that NERICA L-19 is the second variety most 

productive (4128 kg/ha) under lowland irrigated culture (Akinwale et al., 2011); Moreover, it 

could reach 93cm height in average within 120 days  on average at maturity (Akinwale et al., 

2011). 

4.4. Soils characteristics 

Bamé is located in the district of Zou. This region is situated on a granitic socle. These are 

hydromorphic alluvial soils that are formed or operating in an atmosphere of physical and 

chemical anoxymorphy promoting redox (Azontonde, 1991). Thus, they are formed on 

alluvium sandy-loamy and have a higher permeability. 

4.5. Methodology 

The principal goal of this study is to assess soil fertility status and nutrients management 

under sawah and compared to traditional system. Different tools are used specifically soils 

samples at the beginning of the experiment, straw and grain sample for the fourth season to 

determine nutrients uptake, yields and yield component plants performance.  

Determination of soil status and the possibility for rice crop in this inland were done using 

soil parameters  such as pH, Organic Carbon, total Nitrogen, available Phosphorus, 

exchangeable cations (Ca++, Mg++, K+, and Na+) and iron Fe++.438 samples of soils, at the 

beginning but laboratory analysis was performed on only 240. 

To assess the effect of different management practices on plants growth it was taken height, 

number of tillers, number of panicles and SPAD value at three growth stage: beginning 

tillering, early tillering and panicles initiation. 

To evaluate the effect of different management practices on yield and nutrients uptake it was 

recorded grain yield which was estimated at 14% of humidity. Grain and straw of the forth 

was also analyzed for Nitrogen, phosphorus, potassium and iron content. These nutrients 
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contents allow determining nutrients uptake by grain and straw and the total amount absorbed 

by plants. 438 samples of grain and 438 samples of straw were taken. But laboratory analysis 

was done on only 240 of each. 

4.5.1.Field Experiment 

4.5.1.1. Field preparation 

Before ploughed for the first time, field were cleared and stumped. A first plowing tiller was 

doing 15-20 cm deep around the entire perimeter. Thus, dike with 50 cm wide and 40 cm high 

were built. Bands irrigation system arranged perpendicularly to the toposequence are enclosed 

by the channels of 50 cm in height and 40 cm base and dug by staircase to facilitate gravity 

irrigation. Each parcel is provided with an irrigation pipe and a drain pipe inserted into the 

dikes with a slope determined which guarantees the gravity flow of water. Water management 

occurs through:  

An irrigation system comprises 5 sub-channels which are connected to the main channel 

“Tadoo” by a “channel led” and irrigation pipe located at upstream of each plot associated 

with them. 

A straining network composed of drain pipes located at downstream of each plot and 

connected drainage channels which are 5. 

 After making bunds that delineate plots (100 m2), the second plowing was done on Sawah 

plots after flooding the entire field for two days. Fields are leveled and a thin water layer is 

present in order to see if the fields are well leveled. 9 × 1 m2 is delineated in each field with 1 

m from the borders.  

4.5.1.2. Nursery and Transplanting 

To avoid waste of seeds, the indirect sowing was done. Thus, a nursering has been installed 

on a fertile soil near to the field. Two leveled and planed boards 1.2 m × 2 m were completed 

and were separated by a channel 40 cm wide to prevent stagnation of water on the beds. They 

were also protect against birds and insects attacks by a net.15-20 kg of Nerica L-19 clean 

seeds is used for establishing the nursery. After 15 days the seedlings are transplanted in the 

fields at 25 × 25 cm spacing at 2 sprigs per clump, to 5 cm depth by selecting only the 

vigorous plants.  
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� Agronomic management 

Two types of maintenance were established: fertilization and irrigation. 

a. Fertilization 

It is essentially a mineral fertilization at different doses depending on the stage of 

development, according to the technical recommendations of Africa Rice Nerica. The table 1 

below shows the application for our experiment per 100 m2 plot. 

Table1: Fertilization schedule for each of four seasons  

Amounts of fertilizers Stages of development                Date of Application 

Wet1 Dry1 Wet2 Dry2 

4.2KgNPK(10-20-

10)/100m² 

01DAT Sept  10th 

 2010 

Feb 18th 

2011 

Aug 20th 

2011 

Feb 28th 

2012 

0.75 Kg Urea/100m² Beginning tillering Sept 29th 

2010 

Mar 6th 

2011  

Sept 7th 

2011 

Mar 19th 

2012 

0.75 Kg Urea/100m² Panicle initiation Nov 1st 

2010 

Apr 15th 

2011 

Oct 21st 

2011 

Apr  

30th 

2012  

 

Twice application of fertilizer was made in the order of 100% NPK after transplanting, 

nitrogen fertilizer (urea) 2/3 after the first plough and 1/3 urea at maximum tillering and 

panicle initiation stage.  

b. Water management 

Water management consists of a system of water in a system of irrigation and drainage. Two 

different modes of management have been applied: the traditional used by farmers and sawah 

which an improved management. 

Irrigation is the process to bring water from artificially cultivated plants to increase 

production, and allow their normal development when water deficit induced by natural 

phenomenon such as period of inadequate rainfall. The main irrigated system adopted for this 

trial is surface irrigation system where water moves over and across the land by simple 

gravity flow in order to wet it and to infiltrate into the soil. 
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In traditional system, the same method is adopted. That implies every 5 days of irrigation till 

fields are rewetted to 1-2cm of water layer in the field till flowering. But there is no irrigation 

on the day of fertilizer application and for the following 4 days after fertilizer application. 

For sawah system, irrigation was done when necessary in order to maintain a water layer 

between 5 and 8 cm throughout the cropping season till maximum tillering. And 10 cm of 

water level is maintained within the field at each day from maximum tillering till flowering. 

Therefore irrigation amount depends on the water level measured at each day before irrigation 

was started. Irrigation is done till 5 cm of water level is reached within the field each day.  

Irrigation is done till 2 weeks after flowering afterwards fields are starting to dry out and 2 

weeks later (depending on season) the plant would be ready for harvesting. 

Drainage which consists in the removal of excess water from cultivated soils was closed at all 

times. 

c. Others types of management: 

At Bamè, others types of maintenance was implemented such as: 

• weeding and maintenance of bunds and channels  every 3 weeks and 2 

weeks respectively after transplantation 

• application of DECIS 12.5 EC which is foliar insecticide with contact and 

ingestion, at a dose of 1L/Ha after each application of urea 

• and maturation at harvest, bird hunting 

4.5.1.4. Harvest 

At maturity, the harvest was made on each subplot separately and grain was dried and placed 

in a bag. Grain was separated from leaves. A subsample of grains and leaves were weighted 

before weighting each plot and obtained their yields respectively, after harvested the rest. 

During each seasons, different measures was taken: meteorological parameters, hydrological 

parameters and plants agronomics parameters.  

4.5.6. Measurements and observations 

Agronomics parameters were taken into account to analyze compared effect of sawah and 

traditional system combined with fertilizers use on rice performance and yield. 



Materials and Methods 
 

27 

 

Parameters studied in rice plants are: height, number of tillers, SPAD value and number of 

panicles, weight, moisture and yield. According to the measure, it can be taken at different 

phenological stages, either on a specific organ (leaf or grain) or the whole plant.  These 

measurements were taken on four randomly chosen per sub-plot. We took into account three 

stages of development. In each plot, these parameters were recorded in nine sub-plots of 1 m². 

� Phenological stages 

The different stages of rice development are presented in the table below.  

Table 2: Dates of appearance of main development stages 

Years                                                                                  2010 2011 2012 

Item 1st wet season 1st dry season 2nd wet season 2nd dry season 

Nursery 12th Aug. 

2010 

1st Feb. 2010   

Transplanting 8th Sep. 2010 17th Feb 2011 19th Aug2011 27th Feb2012 

Tillering     

Panicle initiation     

Harvest 23rd -

30thDec.2010 

6th -14th 

Jun2011 

 

15th- 21st 

Dec2011 

 

20th Jun 2012 

 

� Height 

Plants height was taken using a tape measure vertically positioned at the neck of the plant and 

takes into account the longest leaf. Plants were measured at early tillering, maximum tillering 

and at panicles initiation.  

     � =
∑ ��
�
�

�
    ℎ�=average plants height per sub-plots 

� Number of tillers  

It was also manual count per plants. It was taken at early tillering, maximum tillering and 

panicle initiation. 

     	
 =
∑ 	
�
�
�

�
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���= average number of tillers per plant 

� Number of panicles 

It was manual count per sub-plot. It was taken at panicle initiation. 

  	 =
∑ 	�
�
�

�
 

��� =	Average number of panicles per sub-plot 

SPAD 

4.5. Material for collecting field data 

Two important materials were used to collect field data. 

� Chlorophyll-meter or SPAD meter 

Chlorophyll meter also called SPAD meter is an instrument used to measure chlorophyll 

content, an important factor in understanding the growth and nutrient conditions of plants on 

the leaves of plants directly. It indicates values that are called SPAD index values and are 

correlated with the density and chlorophyll content. The advantage is that measurements are 

taken at the same time from the field on leaves and does not require that the leaves are cut. 

SPAD= Soil Plant Analysis Division. 

For this study, measurements were taken at three phenological stages: early tillering, 

maximum tillering and panicle initiation. Four plants in sub-plot were randomly selected, on 

which measurements were made on the youngest leaves at three different levels: at the neck 

(or close to the neck), in the middle of the blade and at the extremity of the leaf. SPAD 

measurement retaining this leaf is made by the average of three. It is taken a mean of these 

three values in order to minimize variations due to the spatial heterogeneity of chlorophyll 

pigments on the surface the leaf. 

��� =
∑ ����

�
�

�
 

�����=Average SPAD values per sub-plot. 
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� Moisture content 

The GMT (Grain Moisture Tester) was used to determine the humidity of 100g of grain to 

obtain the dry weight. 

On a subsample of 100 g of grains and leaves, moisture content was weighted at field. After 

drying, they were also weighted to determine moisture content.  

� Yield estimation 

The yield were firstly collected per plot of 25 m2 and then per ha. Yield estimation is adjusted 

at 14 % moisture. Our results take into account unmilled grain yield. 

����� = ���� −��� !"��	�#� $!"�% ÷	���� − �'% × �)"���	*��)�$	 × ��%

÷ ��"+� $��	�"��	��,% 

Yield (kg/ha at 14% moisture) 

� Partial factor of productivity of Nitrogen (PFPN) 

This is explained through this equation according to Lahda et al. (2005): 

 -	 = �
 ÷ -	 

 PFPN (kg product/kg N applied) 

Where YT is the total grain yield (kg/ha) at a certain level of fertilizer N applied (FN, kg/ha).  

4.5.1.4. Plants samples analyses 

A total of 240 grains samples and 240 straw samples were collected at the fourth season or 

second dry season. These samples were collected in the same sub-plots where soils samples 

were collected as shown is the figure.  

� Different plant parameters considered and laboratory methodologies 

Grains and straw samples were dried and grinded and they were sent to Ibadan International 

Institute of Tropical Agriculture (Nigeria), for all analyses. Such analyses were done for: 

Ntotal, Ptotal, Ktotal and Fetotal to analyze the uptake of nutrients in the plants, fertilizers use 

efficiency and iron toxicity. 
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� Laboratory methodologies 

• Ntotal, Ptotal, Ktotal and Fetotal were analyzed by digestion and extraction with 

ammonium acetate.  

• Nutrients uptake (Kg/ha) 

Nutrients uptake by rice at harvest was calculated using the following equation: 

	!$"���$ 	!.$�/�	 =
	!$"���$ 	0#�$��$�%%×�"2	��$$�"	."#�!0$�#�

���
  

4.5.1.5. Sampling and analysis 

In each field 09 corners of 1m2 are defined. 240 samples is chosen as shown is in the 

following figure. This figure presents samples analyzed per plot. In each sub-plot of 1 m2 five 

samples were taken at 15 cm dept. These samples were mixed to obtain the sample per 

subplot. In total six samples per plot. It is taken into account edge effect. 

After four seasons the same analyses were done on the 240 samples collected. These were 

used to analyze changes in soil fertility. 

   

Figure10: Map of Bamè showing analyzed corners 
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� Different soil parameters considered and laboratory methodologies 

a. Texture 

48 central samples were analyzed for particle size (clay, silt, sand). It is chosen only these 

samples because they are located on the parcels and are not subjected to edge effect, which 

could affect results. We supposed that on an area of 25 m², there would be no change in the 

texture so far. But this analysis concern initial status only. Soil texture was analyzed only for 

the samples taken at the beginning of the experiment. 

b. Physical and chemical characteristics 

On the whole samples for beginning and after four seasons, the following analysis were done: 

pH (water), Ntotal, Pavailable, organic carbon, Fe++, exchangeable cations (Ca++, Na+, 

Mg++, K+).   

� Laboratory methodology 

For these analyses soil samples were air-dried and sieved at 2 mm and sent to Africa Rice 

Ibadan (Nigeria) for laboratory analysis. The following analyses have been made. 

a. Granulometry: application of Stokes' law, followed by assaying the various 

fractions by the pipette Robinson. 

b. Soil pH was measured using a glass electrode (pH meter) in a soil to water 

ratio of 1: 2.5 (Mclean, 1982).  

c. Organic carbon: Organic carbon was determined by the wet combustion 

method (Walkley et al., 1934),  

d. Total nitrogen was analyzed by micro Kjeldahl method (Bremer et al., 1982). 

e. Available Phosphorus was analyzed according to Bray and Kurtz (Bray et al., 

1945).  

f. Exchangeable cations (Ca, Mg, Na and K) were extracted with 1.0 M 

ammonium acetate solution and determined by atomic absorption spectrometry 

(Bray et al., 1945). 

g. Fe was analyzed by extraction of ammonium acetate. 

h. Organic matter was obtained by calculation through organic carbon content.  

                                             OM= %	34 × �. 6, 
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� The ration C/N was also calculated. 

Table 3: Summary of different material used and parameters analyzed 

 Tools Material Measurements 

frequencies 

Parameters 

measured 

Fields measurements Plant  -Early tillering 

-Maximum tillering 

-Panicles initiation 

Height 

Plant: tiller Number of tillers 

SPADmeter Leaf SPAD value 

Plant panicle Panicles initiation Number of panicles 

Grain 

Moisture 

Tester 

Grain Harvest Moisture 

Laboratory analysis Grain Grain At the end of the 

forth season 

Nitrogen, 

phosphorus, 

potassium, iron 

Straw Straw At the end of the 

forth season 

Nitrogen, 

phosphorus, 

potassium, iron 

Soil Soil At the beginning of 

the experiment 

Texture 

Exchangeable 

acids(Ca, Mg, Na 

and K) and Iron 

Organic carbon 

Total nitrogen 

Available 

phosphorus 

4.6. Statistic Analysis 

Data were recorded on yield and yield components, such as height, number of tillers, and 

number of panicles per plant, grain yield, straw yield and SPAD value per plant. Laboratory 

results according to soils properties are also recorded. Data collected were analyzed 

statistically using R.13.1 version. Descriptive statistic is used to determine average of 

different parameters which does matter. Analysis of variance is used comparing differences 
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among treatments means employing at probability level of 5%. Regression analysis is 

employed determining correlating between different factors. 
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5. Results 

5.1. Analysis of soil initial characteristics 

5.1.1. Texture 

Forty eight central samples were analyzed for particle size. Indeed, we chose only these 

samples because they are located at the center of the parcels and therefore to reduce edge 

effect, which could affect results. In addition, on an area of 25 m2, we assumed no spatial 

variation. Composites samples were taken at 0 -15 cm depth.  

The following table summarizes different components of soil texture. There is on average 

7.20% of clay and 86.9% of sand in these soils. 

Table 4: Descriptive statistics of particle size classes frequency distribution  

  mean sd 0%      25%      50%     75%   100%   n 

 Clay(%) 7.2 3.3   1.5   4.4  6.8   9.6 15.4 48 

 Sand(%) 86.1 5.6 72.1 82.6 87.2 90.7 95.1 48 

 Silt(%) 6.7 3.5   1.5   4.0   6.130   8.7 22.8 48 

Number of samples: 48 

Figure 11 below show the distribution of three types of texture encountered at Bamè site. 
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Figure 11: soil texture map based on United States Department of Agriculture (USDA) 
soil texture triangle 

5.1.2. Chemicals characteristics 

The table 5 is the summary of soils characteristics at Bamè site before the trial. The table 

above shows summarized results of soil parameters determined across all plots at the 

experimental site. 

Table 5: Mean nutrient levels in the experimental site  

Parameters Means Range St. Dev. 

pH(H2O) 5.5 4.3 - 8 0.6 
Organic Carbon (g/Kg) 8.6 3.1 - 16.3 2.7 
Total Nitrogen (g/Kg) 0.8 0.2 - 1.5 0.3 
C/N 11.8 4.6 - 23.6 1.96 
Organic Matter MO 1.5 0.5 - 2.8 0.46 
Available P (mg/Kg) 27.2 1.8 - 62.9 13.2 
Exchangeable K(cmol+/Kg) 0.1 0.04 - 0.7 0.09 
Exchangeable Ca(cmol+/Kg) 2.2 0.60 - 15.6 1.3 
Exchangeable Mg(cmol+/Kg) 0.3 0.10 - 0.9 0.1 
Exchangeable Na(cmol+/Kg) 0.1 0.04 - 0.3 0.04 
Available Fe(mg/Kg) 221 140 - 274 29.5 
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Three types of soils were encountered: sandy, loamy sand and sandy loam. These soils are 

very acidic reading the graph (Figure 12). Soil pH ranged from 4.3 to 8 with a mean of 5.5. 

Figure 13 shows distribution of organic carbon on the site of Bamè, according to the results of 

laboratory analysis. 63.3% of the soil organic carbon is greater than 10 g/kg and only 7.5 % is 

less than 5 g/kg. The maximum SOC in these soils is 16.3 g/kg. In general organic carbon 

levels were quite low recording a mean of 8.6 g/kg. This translated into lower total nitrogen 

levels with a mean of 0.8 g/kg. The distribution of total nitrogen at the site of Bamè is shown 

in Figure 14. This soil has a total nitrogen level less than 1. Only 16.7 % are greater than 1. 

These parameters level ranged from 0.2 to 1.5. The graph showing the distribution of 

phosphorus available on the site of Bamè shows that 66.7% is superior to 20 mg/kg with an 

average of 27.2 mg/Kg (Figure 15). In the case of Bamè, available phosphorus does not 

appear as a limiting factor. The average content of potassium in these soils is 0.1 but around 

58 % of the area has potential in this element that is higher than average (Figure 16). It ranged 

between 0.04 and 0.7. The other exchangeable cations means levels are 2.2, 0.3 and 0.1 

cmol+/Kg for Ca, Mg and Na respectively. Exchangeable Ca ranged from 0.60 to 15.6 

cmol+/kg. Exchangeable Mg ranged from 0.10 to 0.9 cmol+/kg while exchangeable Na is 

from 0.038 to 0.3cmol+/kg. Iron in this soil has high value. Iron content (Fe++) is greater than 

200 mg/kg only 20 % of cases are less than 200 mg/kg. The average is 220 mg/Kg (Figure 

17). 

 

Figure 12: Distribution of pH in soils at Bamè 
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Figure 13: Distribution of Organic Carbon in soils at Bamè 

 

 

Figure 14: Distribution of Total Nitrogen in soils at Bamè 

 

 

Figure 15: Distribution of available Phosphorus at Bamè site 
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Figure 16: Distribution of exchangeable potassium at Bamè site 

 

 

Figure 17: Distribution of iron at Bamè site 

 

5.2. Compared rice performances under sawah and traditional system combined with 

fertilizer use 

Rice performance relate to plants height, number of tiller, number of panicles SPAD value 

and grain yield. These parameters are very important to estimate the effect of different 

management on rice culture. 

According to plants height, number of tillers and number of panicles, only two seasons out of 

four (one dry season and one wet season) are taken into account. These two seasons is 

analyzed separately because there a significant difference of 5% between them considering 

each parameters. Effect of different factors (water management, fertilizer use, season and 

stage of development is shown considering each parameter. 
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5.2.1. Plant height 

In dry season average plant height of 118 cm is observed with a maximum of 160 cm. During 

the wet season average height is 115 cm and may reach a maximum of 159 cm. There is 

significant difference between these two seasons. Plant height was highly significant for 

individual treatments considering each season (Tables 8 and 9). It is noticed a significant 

difference considering each factor but their interaction is not significant on plant height 

(Tables 8). This means that a significant difference between plants in the sawah treatment and 

those in the traditional system treatment. Also regarding the application of fertilizer, fertilized 

plants heights were significantly higher than those who did not receive (Figure 18). But the 

interaction between these two types of field management is not significant. During the wet 

season, there is also the same remark as during the dry season that has taken over (Table 9 and 

Figure 19). This means that the difference between the system sawah and the traditional 

fertilized is not significant. The main problem here seems to be the contribution of fertilizers. 

It can be concluded that water management does not exclude any contribution of fertilizer.    

        

Figure 18: Effect of water and fertilizers use on plants height in second wet season 

 

Figure 19: Effect of water and fertilizers management on plants height at second dry 
season. 
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5.2.2. Number of tillers 

The number of tillers per plant is significantly different according to different methods of 

management of plots (Tables 10 and 11). It is observed that the interaction between these 

factors is highly significant. The number of tillers per plant obtained is significantly higher in 

fertilized sawah than traditional fertilized. Also, the effect of fertilization involves a 

significant increase in the number of tillers compared to plots not receiving fertilizer. On 

figure 20 (right) and 21 (right) showing the effect of stage of development on the number of 

tillers it is observed that the number of tillers tends to decrease in stage C especially when the 

plots are not fertilized. The interaction between intake of fertilization and stage of 

development is highly significant. The same behavior is observed both in the dry season than 

wet season (Table 11 and Figure 21). 

 

Figure 20: Effect of water and fertilizers management on tillers number at second dry 
season at left and number of tiller at different stage of growth in sawah and traditional 
and right     

  

Figure 21: Effect of water and fertilizers management on tillers number at second dry 
season at left and number of tiller at different stage of growth in sawah and traditional 
and right  
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5.2.3. Number of panicles 

The dry season, the number of panicles was significantly higher in fertilized plots than non - 

fertilized. But no significant effect is observed on the number of panicles per plant observed 

with water management (Figures 22 and 23). Although we are in the dry season, the water 

management does not appear yet as a constraint for the development of different parameters 

(Tables 12 and 13). It seems to be more urgent reason better the contribution of inputs in 

addition to water management for increased productivity during the dry season. 

Regarding the wet season, the number of panicles has the same behavior as plant height. 

There are a number of panicle in sawah is significantly higher than traditional system. And 

the addition of fertilizer has also a significant effect. Interaction between these factors was not 

significant, so the number of panicle observed in the fertilized system sawah is not 

significantly different from that observed in the traditional system fertilized. 

 

Figure 22: Effect of different treatment on number of panicles 

 

 

Figure 23: Effect of different treatment on number of panicles in second wet season 
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5.3. Compared effects of sawah and traditional combined with fertilizers use on grain 

yields at Bamè 

5.3.1. Yields 

The following figure show the effect of different factors taken into account on rice grains 

yield in the four seasons. It show mean values of the two dry season and two wet season 

according to water treatment and fertilizers. It summaries average yields obtained while these 

treatment are applied. 

 

Figure 24: Effect of treatments on yields per season 

 

There is no significant difference between the observed yields in both dry and wet seasons. 

With regard to water management, when comparing all seasons there was a highly significant 

difference between the sawah system and the traditional. The average yields obtained in 

sawah system is significantly higher than that obtained in traditional system. The average 

performance at Bamè site is 4.2T/ha unmilled so an average of 2.7T/ha milled rice for both 

dry and wet season and can reach a maximum of 9.3T/ha as yield at 14% humidity for 

unmilled rice regardless of the season, observed in the sawah system. It represents a 

maximum of 6.0T/ha of milled rice when we it is considered that milled rice are 65% of 

unmilled rice. As observed in figure 24, water management treatment has a significant effect 

on yields especially in wet season where the difference is clearly marked between the sawah 

system, the most productive and the traditional system. In addition, the contribution of 

fertilizer is presented here as an important factor as well as management of water. The 

contribution of fertilizers positively affects yields when we are in the traditional system, 
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regardless of the growing season. The difference between sawah and traditional systems does 

not appear especially in dry season. In wet season, the effect of the contribution of fertilizer is 

not noticeable on yields in the sawah system.  

5.3.2. Partial factor of productivity of Nitrogen  

The graph (Figure 25) below summarized the values partial factor of  productivity of nitrogen 

of all seasons. . It show mean values of the two dry season and two wet season according to 

water treatment and fertilizers. It summaries average PFPN obtained while these treatment are 

applied. 

 

Figure 25: Effect of different treatment on Partial factor of productivity of Nitrogen  

 

In the case of management practices where there is a significant difference between 

treatments, partial factor of productivity is the adequate index for comparison which 

integrates the use efficiency of both indigenous and applied nutrients (Dobermann 2007, IFA, 

2007). Regarding nitrogen applied, partial productivity is known as kg harvested product per 

kg nutrient applied.   

5.4. Effect of sawah and traditional system combined with fertilizers on SPAD value 

SPAD values are one of the most important agronomic characteristics considered for this 

experiment. SPAD value expresses chlorophyll content in leaves and is very close to the 

nitrogen content in leaves. SPAD value study it is take into account all the four seasons (two 

dry seasons and two wet seasons) as significant difference is observed between them.  
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It is observed a highly significant difference between factors only. In addition, the seasons 

were found to have a very significant effect on the values obtained. Depending on whether 

wet or dry season, plants do not have the same behavior, hence the need for analysis per crop 

season. Tables 14 to 17 show the effect of different factors take into account for this trial 

according to each season. 

Analysis of variance including the effect of water management on SPAD values obtained 

shows a significant difference between these treatments (Table 18). In the sawah system, we 

obtained a SPAD value (40.3) significantly higher than that of traditional system (33.7). The 

average value is 37.0, whatever the treatment and season.  

In general, the SPAD values are high in stage C as shown in figure 26 whatever season or 

treatment. Moreover, beyond the first wet season, an important difference does not observed 

between the values obtained from the traditional system and the sawah. However, different 

trends specific to each season were observed. This is the case of the second dry season which 

differs from the first dry season; the highest values are obtained at B stage when they are 

lower in stage C. In the first wet season, the values are rather increasing by stage of 

development, regardless of management system considered.  

 

Figure 26 showing the SPAD values reflects the behavior of the plant related to the 
input of nutrients at different phenological stages and under different systems of water 
management. These values are the average observed at each stage of growth and with 
different treatment. 
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Higher values of SPAD are obtained under sawah system than in traditional. Addition of 

fertilizers increases this value. This value is higher also at the third stage of growth in most of 

the case. While between dry in wet season, different is also observed.  

5.5. Nutrients uptake of rice under sawah and traditional system combined with 

fertilizers use by straw and grain 

5.5.1. Nutrients uptake by straw 

Table 6:  average nutrients uptake by straw, grain and total by plant at Bamè 

 Straw Grain 
Total by plant  

(Grain+Straw) 

Nutrients 

uptake 
Mean Range SD Mean Range SD Mean Range SD 

N 22.2 
5.5 - 

80.8 
12.6 40.9 

11.8 - 

91.5 
17.32 63.1 

18. -

148.4 
26.4 

P 4.1 
0.6 - 

176. 
2.75 10.4 

3.5 - 

23.2 
3.8 14.6 

4.7 - 

32.6 
5.6 

K 65.3 
16.4 - 

164.8 
28.62 13.0 

3.1 - 

29.2 
5.0 78.3 

22.5 - 

194.0 
31.8 

Fe 0.7 
0.1 - 

3.6 
0.5 0.3 

0.1- 

0.8 
0.1 1.1 

0.2 -

3.9 
0.6 

Number of samples: 240 

The table 6 shows the average uptake of nutrients by straw regardless applied treatments. 

Nitrogen uptake is 22.2 Kg/ha on average and ranged from 5.5 to 80.8 Kg/ha. Phosphorus 

ranged from 0.7 to 17Kg/ha with a mean value of 4.1 Kg/ha while phosphorus uptake is an 

average of 65.3 Kg/ha ranging from 16.4 to 164.8.  
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Figure 27: Nitrogen N, phosphorus P and potassium k uptake by straw. 

 

A significantly higher increased of nutrients N, P and K uptake is observed in the sawah 

system than traditional. Under sawah system it is recorded an average nitrogen uptake of 24.8 

for sawah and 19.5 Kg/ha for traditional at the forth season only. The amount of Phosphorus 

uptake under sawah system is 4.5 while it is 3.8 Kg/ha in the traditional. Potassium uptake is 

70.5Kg/ha under sawah and 60.0 under traditional. 

There is also a highly significant difference between fertilized plot and the one which did not 

received it. It is obtained 15.6 Kg/ha, 2.61 Kg/ha and 50.7 Kg/ha in average for non -fertilized 

respectively for N, P and K. While fertilized plots recorded an N, P, k uptake of respectively 

28 Kg/ha, 5.5 K g/Ha and 70.3 Kg/ha. The analysis of variance shows also a significant effect 

of toposequence on nutrients uptake (Tables 23 to 25). But interaction between these factors is 

no significant.  According to the figure 15, higher nutrients uptake are recorded in the sawah 

system and also when there is fertilizers addition.  

It is also important to remark that the effect of water management is no significant on iron 

uptake by straw. Table 26 Shows that there is no significant difference between sawah and 

traditional plot for iron uptake. But a significant difference is observed with fertilizers 

addition. Then, an amount of 0.6 Kg/ha in fertilized plots and 0.9 Kg/ha in non- fertilized in 

average are recorded Figure 15 show differences observed according to different 

management.  

0 10 20 30 40 50 60 70 80 90

sawah

traditional

sawah

traditional

sawah

traditional

K
to

t
P

to
t

N
to

t

Average amounts of nutrients uptake in straw  (Kg/h

non fertilized fertilized



Results 
 

47 

 

The effect of toposequence on nutrients uptake by straw is observed. There a highly 

significant difference of nutrients N, P, K and Fe according to the toposéquence and it is 

noticed that the highest values of nutrients uptake are obtained on the first level, the highest 

while there is variability between the other levels. 

5.5.2. Nutrients uptake by grain 

The above table (6) presents the amount of nutrients N, P, K, and Fe taken up by grain at the 

fourth season regardless different management. Globally, nitrogen uptake in average at Bamè 

is 40.94Kg/ha and ranged from 11.78 to 91.5 Kg/ha with a standard deviation of 17.3 Kg/ha. 

Mean values of P uptake is 10.4 Kg/ha ranging from 3.46 to 23.2 Kg/ha with a standard 

deviation of 3.8 Kg/ha. According to K uptake the mean value is 13.0 Kg/ha and ranged from 

3.13 to 29.2 Kg/ha with a standard deviation of 5.05Kg/ha. Fe uptake is an average of 

0.3Kg/ha ranging from 0.1 to 0.8 Kg/ha with a standard deviation of 0.1 Kg/ha. Nitrogen and 

Phosphorus uptake by grain are higher than in straw. While the amounts of Potassium and 

Iron are higher in straw than in grain. 

 

Figure 28: Effect of water management and fertilizers use on nutrients uptake by grain 

 

This figure shows the compared effect of the sawah and the traditional systems combined 

with fertilizers use on the uptake of nutrients N, P and K. Sawah fertilized plots and those 

traditional provide closest values while the amount of nutrients absorbed in the same system 

of water management is different with fertilizers addition. Fertilizers increased nutrients N, P, 
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and K uptake by grain. This is proved by statistical analysis while comparing means value of 

nutrients uptake obtained in different management. 

The tables 27 to 29 presents the amount of Nitrogen, Phosphorus and Potassium absorbed by 

grains at forth season. Statistical analysis shows no significant difference of these values 

according water management. Although in the sawah an amount of 41.1 Kg/ha is recorded 

while in traditional system an amount of 40.7 Kg/ha is obtained. According to Phosphorus 

there is a slight increase from 10.1 to 10.7 Kg/ha from traditional to sawah. With Potassium, it 

is obtained 13.4 and 12.7 Kg/ha for respectively sawah and traditional. The effect of 

toposéquence is also not significant on these nutrients in grain. The effect of fertilizers is 

revealed highly significant according to this trial. Fertilized plots provide an average 52.6 

Kg/ha when on unfertilized plots the amount is 29.3 Kg/ha for Nitrogen. P uptake increase 

from 8.3 to 12.5 Kg/ha respectively in fertilized and unfertilized plots. And K uptake is 9.8 to 

16.2 Kg/ha for respectively non fertilized and fertilized plots on average.  

5.5.3. Total nutrients uptake 

The table above (Table 6) shows the average amount of nutrients N, P, K and Fe taken up by 

rice regardless different management at Bamè. An average of 63.1 7 26.4 Kg/ha of Nitrogen 

is absorbed ranging from 18 to 148.4 Kg/ha. Phosphorus uptake is 14.67 5.6 Kg/ha and 

ranged from 4.7 to 32.6 Kg/ha. Plants absorbed an amount of Potassium of 78.3731.8 Kg/ha 

ranging from 22.5 to 194. Iron uptake is 1.170.6 Kg/ha and ranged from 0.2 to 3.9. 

 

Figure 29: Effect of water management and fertilizers use on total nutrients uptake by 
plants 
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Figure 17 shows the amount of nutrient N, P, and K uptake according to the sawah system 

compared to the traditional with fertilizers addition at the forth season. There is an increasing 

of nutrients absorbed when moving from the traditional to sawah. The same growth is clearly 

marked with the contribution of fertilization. Statistical analysis gave the same results as 

observed on this figure. 

A significant effect of different management on nutrient uptake by rice is observed. It is 

noticed that the adoption of the sawah system provides significantly an increased of nutrients 

uptake (Tables 31 to 33). Nitrogen uptake in the sawah is 65.9 and is 60.3 traditional. The 

sawah provides 15.2 Kg/Ha and 83 Kg/ha respectively for Phosphorus and Potassium while 

traditional treatment depicted 13.9 Kg/Ha and 72.8 Kg/ha respectively. This means that the 

sawah system gives benefits for rice culture in term of nutrients uptake. The effect of 

fertilizers is highly significant and proves the importance of addition of fertilizers. It is 

obtained respectively 44.6 Kg/ha, 11Kg/ha and 59.4 Kg/ha respectively for N, P, and K on no 

fertilized plots. Those which received fertilizers provides in average 81.7 Kg/ha, 18.2 Kg/ha 

and 97.3 Kg/ha respectively for N, P and K. Toposequence also impacts significantly these 

results as shown by analysis of variance. This means that improving of this system while 

eliminating the effect of the toposequence observed at Bamè could enhance nutrients uptake 

and then the productivity. The effect of interaction between these factors is no significant for 

all nutrients. 

5.6. Impact of different water management on Iron uptake 

 

Figure 30: Iron Fe uptake by straw 

 

This figure presents the average values of iron absorbed by rice straw at forth season. Ferrous 

iron absorbed by straw is an average of 0.5. This value ranged from 0.11 to 3.6 Kg/ha. In 
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fertilized plots, the iron is more absorbed by the traditional system than the sawah. But in non 

fertilized plots, the sawah depicted higher iron uptake than the traditional system.  

 

Figure 31: Compared effect of sawah and traditional with fertilizers use on iron uptake 
by grain 

 

This figure shows the compared effect of the sawah and the traditional systems combined 

with fertilizers use on Iron uptake. It is observed that fertilized plots recorded higher values. 

While those not fertilized are the lowest value. The highest average value is obtained under 

the traditional system fertilized. 

Iron uptake is also analyzed for ANOVA (Table 30) and revealed a highly significant effect of 

fertilizers. It is recorded 0.4 for fertilized plots and 0.3 for the other one.  Sawah plots provide 

0.3 and traditional one 0.3 Kg/ha. The interaction between water management and fertilizers 

use is also significant and show the importance of both water management and fertilizers on 

iron uptake. 
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Figure 32: Compared effect of sawah and traditional with fertilizers use on average iron 
uptake  

 

Fertilized plots present the highest values of iron. Sawah plots when non fertilized gave 

higher value than the traditional one when the opposite effect is observed in fertilized plots 

between sawah and traditional.   
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6. Discussion 

6.1. Soil characteristics at the beginning of the experiment: possibility for rice culture in 

inland valley of Bamè 

6.1.1. Soil texture at Bamè 

According to the distribution of the different sizes of mineral particles at Bamè, 3 soil types 

were distinguished at this layer according to USDA texture triangle: 41.7% Sand; 37.5% 

Loamy sand and 20.8% sandy loam. These soils are classified by Evans et al. (1996) in these 

with limited plant available water. As well as they are well drained, aerated and workable, 

they require good water management. But, these are the common types observed particularly 

in sub-Saharan Africa’s wetland and suitable for rice culture (Balasubramanian et al., 2007). 

However, they are classified into soils with shallow organic matter and deficient in many 

nutrients (Sahrawat, 2003). This is also observed in Ghana, where they adaptation to sawah 

management was proved as well as they confirmed their poor chemicals properties (Nwite et 

al., 2011). 

6.1.2. Comparisons with other lowlands characteristics 

Table 7: showing soil nutrient levels in Bamè in comparison with Ghana lowlands soils and 

paddy field of South East Asia  

Parameters 

analyzed 

Bamè Inland      

Valley 

Ghana 

lowland 

Paddy fields of South 

East Asia 

pH.H20 5.5 5.2 6.0 

OrganicCarbon(g/Kg) 8.63   

Total N(g/kg) 0.76 0.88 1.30 

Avail P(mg/Kg) 2.2 3.2 17.6 

ExchK(cmol+/Kg) 0.22 0.3 0.4 

ExchMg(cmol+/Kg) 0.33 2.5 5.5 

ExchCa(cmol+/Kg) 2.20 4.8 10.4 

Clay(g/Kg) 72 97 280 
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Table 7 shows a comparison of soil properties (pH, organic Carbon, total Nitrogen, available 

Phosphorus, exchangeable Potassium, exchangeable Magnesium, exchangeable Calcium and 

clay content) of Ghana lowlands and South East Asia paddy fields. Soils at Bamé site have 

lower levels of clay and most nutrients compared to Ghana lowlands soils and paddy field of 

South East Asia. The pH is relatively higher than Ghana and lower than South East Asia 

paddy soils.  

Soils in the site of Bamé are globally acidic, similar to inland valleys in SSA due to nature of 

their parent material, high rainfall regime and intensity and associated leaching nutrients and 

weathering (Nwite et al., 2011). According to Batiano et al. (2007), one of the reasons of the 

lowest soil organic carbon content in most part of West African agro ecosystems is the low 

soil clay content as kaolinite. They stated that, the cation exchange capacity of the soils in this 

region, often less than 1cmol+/Kg, depends heavily on the soil organic carbon. This very low 

level of nutrient, it is necessary to well manage fertilizers supply and water amount as 

irrigation to enhance rice productivity. That is one of the goals of sawah system adoption. 

Batiano et al. (2007) proposed for all agro ecosystems the application of mineral fertilizers 

and the effective recycling of organic amendments such as crop residues and manures and 

improvement of nutrient use efficiency to enhance yields. While Buri et al. (2010) stating on 

inland valleys for rice culture well-management of soil and water through the sawah system 

for irrigated rice improving. 

6.1.3. Soil organic status (Carbon, Nitrogen and Organic matter) 

This means that to maintain soil fertility, we must first preserve the organic matter it contains. 

According to our trial at the beginning of the experiment, inherent soil organic matter ranged 

from 0.5 to 2.8% with an average of 1.5%. This mean value is quite low and lead to low 

nitrogen content. Therefore, agricultural practices that contribute to a higher level of organic 

matter are essential for good soil fertility in the long term because all nutrient supplying 

derived from it. 

Organic carbon, total nitrogen and organic matter in soil are very important to determine 

fertility status and they are interlinked. Organic status as defined by carbon and nitrogen 

concentration has often been considered as a reliable indicator for soil quality (Manlay et al., 

2010). The role of organic matter is to supply plant in nitrogen especially and also S and P 

(Edem et al., 2001).Without mentioning its important place in soils properties (physical and 
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chemical).There is a positive effect of organic matter on soil properties, i.e. physical 

(structure, stability, porosity), chemical exchangeable cations, cations exchange capacity or 

CEC, pH) and biological (energy substrate for soil fauna and microflora). However, this 

depends on the soil composition, particularly fraction (0 - 50 µm) where there a positive 

correlation between soil organic matter or organic carbon and soil chemical properties (Pallo 

et al., 2009; Manlay et al., 2010). This aspect is not developed in our trial. On the other hand, 

soil organic matter depends also in its decomposition rate. Sahwarat (2003) demonstrated that 

in flooded rice field the organic matter is destroyed in a slower pace than its accumulation. 

According to Pallo et al. (2009), when soil organic matter decomposition has a normal rate, 

C/N value is between 8 and 12 but when this value ranged between 12 and 13 the rate of 

decomposition is slow. But this trial was conducted in the north soudanian zone of Burkina 

Faso.  

At Bamé the OC level varies from 0.3 to 1.6; total N from 0.23 to 1.5; and the average value 

of the ratio C/N is 11.8 ranged from 4.6 to 23.6. These values are greatly variable compared to 

a newly opened Indonesian wetland rice soil which compound OC values ranging from 0.7 to 

1.3; total N ranged from 0.03 to 0.05 with a ratio C/N from 20 to 26. But these types of rice 

soils are very different. There varied from silty to clay in Indonesia while at Bamè they have 

sandy to sandy loam. Authors explained these low levels of organic carbon and total nitrogen 

by the fact that in the past, all rice straw or crop residue was removed from the field to be 

used as cattle feed or was burnt which lead to low pH and organic matter content 

(Sukristiyonubowo et al., 2011). According to the authors, soils have generally low C/N ratios 

leading to good microbial activities for nutrients availability for plants but a ratio between 

20:1 and 30:1 (Edem et al., 2001). According to Zhang et al. (2004) periodic irrigation, 

drainage, fertilization, and tillage during the process of rice production has resulted in rapid 

changes in soil characteristics. Studies demonstrated that the introduction of irrigated rice 

cropping practices improved soil conditions, including increased organic matter carbon and 

phosphorus (Li et al., 2010; Lee et al., 2009). 

6.1.4. Exchangeable cations 

Soil K status at the Bamè site is low  whereas values of exchangeable K on average (0.15 

mg/kg) although they can reach a maximum of 0.74 mg/Kg. When comparing these values 

with those of the irrigated lowland valleys in the Sahel and Sudan savannah which have 

considerable soil K reserves (Buri et al., 1999; Wopereis et al., 1999; Haefele et al., 2004). 
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The low content of basic cations is due to low pH (acidic) and high acidic cations levels 

(Edem et al., 2001). (Sukristiyonubowo et al., 2011) also recorded low values for basic 

cations in Indonesian wetland opened for rice culture. These results confirm previous studies 

(Buri et al., 1999, Abe et al., 2010) which indicate low exchangeable bases in lowlands soils 

located in the Guinean savannah where Benin is located. 

6.1.5. Iron in soils 

It is known that iron toxicity is a major problem inhibiting the production of rice in the 

lowlands because of its high availability (Audebert et al., 2006).This phenomenon is lead by 

relatively low cations exchange capacity (10 - 15 mole p+/ kg) weak base saturation, low 

buffering capacity, and limited supply of available nutrients particularly P, K, Ca, Mg Zn, and 

Cu especially low levels of P and K (Singh et al.,1992; Savithri et al., 1999).Iron toxicity 

occurred at high concentration of Fe++ (300 - 500 mg/Kg) and low pH. Such researches were 

conducted on this item and the authors proposed development of agronomic practices such as 

addition of mineral fertilizers  that will sustains productivity of the soils and application of 

soil ameliorant like addition of manure, compost, lime, besides (Edem et al., 2001; 

Sukristiyonubowo et al., 2011). According to Changming et al. (2004) irrigation combined 

with fertilization would reduce iron toxicity in rice.  

In the case of Bamé site, for this beginning soil samples, we obtained a maximum of 274 

mg/Kg of Fe++ with a mean value of 220 mg/Kg. So we can consider that these values are 

quite low for iron toxicity. Bamé is one of inlands valley in Benin which does not suffer from 

iron toxicity according to levels reported by Savithri et al. (1999). This is due to the fact that 

Bamè site is situated at the head of the inland valley; so, it is drained in one of the case.  

Even though mean nutrient levels are quite low across the West African sub-regions, mean 

nutrient levels are even lower and more deficient in inland valley soils of Bamè, particularly 

organic C, total N and exchangeable basis. A study in Nigeria comparing inland valley, 

floodplain and mangrove for suitability of agriculture show that inland valley required better 

soil characteristics than the other one (Edem et al., 2001). While Issaka et al., 2010 explains 

low soils fertility characteristics by the enhanced biomass production and soil weathering 

sequence governed by the climate added to their poor mineralogical characteristics. However, 

rice culture is still possible in inland valley especially Bamè while adopting sawah system. It 
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is demonstrated that sawah system could enhanced all these characteristics and increased rice 

yield as the case of most countries were this system is developed (China, Ghana, Nigeria). 

6.2. Influence of water management and fertilizers use on rice performance 

From the experiments results, plant performance such as height, number of tiller and number 

of panicles recorded per plants were higher in the sawah system than the traditional system. 

The same results were observed by Janaki, (2006) comparing the SRI irrigation water 

management system developed by Indian to their traditional system, where the SRI system 

provided the highest performances. Ahmad et al. (2005) using different amount of irrigation 

water on different rice seed densities concluded that there is an increasing amount of 

irrigation significantly increased plant height as compared to lower level of irrigation 

application.  

The average height obtained on dry season is significantly higher (118 cm) than in wet season 

(115 cm). This finding is contrary to Akinwale et al. (2011) who compared different varieties 

in dry and wet season and concluded that the highest height were generally obtained in wet 

season. They attributed to high evapotranspiration from mild drought. In our case this inland 

valley are not subject to mild drought but in dry season it is noticed that nutrients and plants 

managed well there is less loss than in wet season.  

Many factors affect plant height such as plantation method, density and fertilizers application 

(Aide and Beighly, 2006; Gozubenli et al., 1992). The effect of this last factor is observed in 

this trial. A significantly increased of plant height is observed with addition of fertilizers. This 

development of plant is higher in sawah system than in traditional system.  But the interaction 

between water management and fertilizers is not significant in both the dry and wet season. 

This justifies the general trends because Ghanbri et al. (2011) observed an increase in plants 

height as nitrogen rate increased. The effect of nitrogen is demonstrated as key element of 

plant development when added to water management. Nitrogen increased tiller number, 

panicles number, and panicles length (Singh and Sharma (1987); Ghanbari-M et al., 2011). 

As demonstrated by Akinwale et al. (2011) there is significant difference between number of 

tillers between dry and wet seasons. In this experiment the same fertilizers rate was applied in 

the two seasons. The number of tiller increased when fertilizers is applied and both in sawah 

and traditional treatments. The sawah system with application of nitrogen enhanced 

production of tillers more than in traditional system even if fertilizers are added. These results 
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are in accordance with Ahmad et al. (2005) who concluded that rice Bamasti-385 is 

significantly influenced by plant density and irrigation. This is an important result which 

demonstrated the importance of sawah an efficient management of water and fertilizer use. 

Surek (2002), Aide and Beighly (2006) reported that tiller number under field conditions 

changed in the range of 1-3 and this property changed according to the species, strength of 

plant, sunlight, nutrition, the duration in which the field stayed under water, the level of water 

and the number of plant in unit area.  

Otherwise, a decrease of number of tillers is noticed at the third stage of plant development in 

both season and independent to water or nutrients management. This decrease was also 

observed by Janaki (2006) who observed that the number of tillers per hill increased up to 90 

DAT and thereafter a decrease was observed. He explained the decrease of number of tillers 

at harvest by senescence of secondary tillers. It could be due to the fact that rice plants require 

nutrients during the vegetative stage to promote growth and tillering, which determines the 

potential number of panicles. At panicles initiation all the nutrients is provided for producing 

more panicles than tillers. The number of panicles is associated to number of tiller and 

specifically productive tillers (Ghanbari et al., 2011). In the case of this experiment in both 

dry and wet season a correlation coefficient of 90% is observed between number of tillers and 

number of panicles. 

The number of panicles is associated with productivity (Akinwale et al., 2011) and is one of 

important agronomics parameters that are taken into account for this experiment. Results of 

this experiment shows an increased of number of panicles according to fertilizers inputs and 

water management. But the increase observed between sawah system and traditional system is 

not significant. Length and weight of panicles, number of panicles per hill and grains per 

panicle increased with increased rate of N and increased spacing (Amin et al., 2004). 

Ghanbri-M et al. (2011) explained increased of panicles number per m² while nitrogen 

fertilization rates increased a consequence of the participation of N in structural functions of 

the plant, associated to a greater availability of nitrogen. All other nutrients especially 

phosphorus and potassium are also important according to their significant role in plant 

growth. Even if in the case second dry and second wet season of this trial, water management 

is not significant in increased of number of panicles, irrigation  especially efficient amount of 

water irrigation is demonstrated to be very important for rice growth and consequently 

productivity (Ahmad et al., 2005; Jamaki, 2006). 
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The noticeable impact of sawah system management on plant growth characteristic is 

demonstrated in this experiment. It is also mentioned according to the results the importance 

of fertilizer. Water management in combination with fertilizers input provides a well being 

and well development of rice. Then the other interesting part is yield and yield component. As 

in the following it will be demonstrated the effect of sawah and traditional system combined 

with fertilizers use on yield and yield component. 

6.3. Rice grain yield and nutrients use efficiency under sawah and traditional system in 

combination with fertilizers use 

6.3.1. Effect on grain yield 

Globally 75% of rice is currently produced under irrigated systems while an average yield of 

4.9 t/ha is attained in Africa (Ceesay, 2004). Issaka et al. (2009) observed a significant 

increase of rice grain yield under improved soil and water management in this order “farmers 

practice < bounded only < bounded and puddled < bounded, puddled and leveled or sawah. 

Buri al. (2004) reported a significant increased of paddy grain under sawah system with 

addition of fertilizers (organic and inorganic). In Ghana, with adoption of sawah system, the 

mean of paddy grain yield increases from 1.0 T/ha from 6.0 T/ha (Buri et al., 2011). 

Balasuramian et al., 2007) reported that with good water and crop management, irrigated rice 

yields in dry season could achieve 8 - 12 Mg /ha in semi-arid Sahel zones. However, in 

irrigated areas of sub-Saharan Africa, farmers obtained 2 - 5 Mg/ha because of irregular 

irrigation, poor soil and crop management, and inadequate input use, by the same authors. In 

sawah system experiment in Nigeria, rice grain yield was enhanced. Yield of 6.8 T/ha is 

obtained with leaf ash amendment (Nwite et al., 2011). Ahmad et al. (2005), using different 

amount of irrigation water on different rice seed densities concluded that growth and grain 

yield of rice (Basmati-385) significantly influenced by plant density and irrigation.  

The importance of fertilizers application is also demonstrated in our experiment. These results 

are in accordance with previous finding. Singh and Sharma (1987) found that nitrogen 

application at 180 kg/Ha increased grain yield from 1.3 - 1.4 to 3.4 - 3.6 T/ Ha and straw yield 

from 2.3 -2.4 to 5.9 T/Ha. Nitrogen application increased grain and straw nitrogen content. 

But not only nitrogen it is demonstrated that application of K and P to wheat significantly 

enhanced yield, yield components (Khalid et al., 2010; Laghari et al., 2010). 
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6.3.2. Effect on PFPN 

The partial productivity of nitrogen was evaluated for four seasons. Partial productivity means 

the amount of rice grains produced or yield of product per kg N applied. Furthermore this 

index includes all contributions to crop yield derived from uptake of indigenous soil N, N 

fertilizer uptake efficiency, and the efficiency with which N acquired by the plant is converted 

to grain yield (Doberman, 2005). There was a highly significant difference between the 

systems of PFPN of water management and also according to fertilization. Higher values are 

obtained from the plots subjected to sawah system and have been fertilized. While the lowest 

values were generated by the parcels subject to the traditional and unfertilized. Moreover, the 

highest values were obtained during the dry season, compared with two rainy seasons. On the 

site, 44.5 Kg of yield occurred with the addition of 1 kg of nitrogen. For this experiment, the 

four growing seasons, this value varies between 25.4 and 51.7. In his review of several 

research studies in different countries, Ladha et al. (2005) showed that the value would be 

between 62 and 70. However, this study took into account different countries in different 

continents, so some countries that used a lot of inputs and those very little. Indeed, the 

variability of these data, it may not reflect or represent all countries. Developing countries are 

recognized as those using less fertilizer and have an average below that used in the world. 

According to Doberman (2007), this value varies between 40 - 80 kg/Kg N for cereals and 

when above 60, there is in a good management system. But this value concerns all cereals and 

is not restricted to rice. However, considering that interval of Doberman (2007), we conclude 

that the system sawah is most efficient in nitrogen management. Moreover, this efficiency is 

higher in the dry season. Indeed during the dry season, there would be less loss of nutrients 

and what is given to the plant is really used. However, a detailed study of losses during these 

two seasons and these systems allow us to draw conclusions.  

6.4. Improvement of SPAD value by different management 

Nitrogen is one of the principal nutrients limiting crop growth because of its key role in cell 

division (Cen et al., 2006) and consequently, it is a determinant factor for yield. Previous 

studies revealed the close relation between nitrogen and SPAD value in plants leaf which 

varies with crop growth stage and variety. Nitrogen status in rice plant could be indicated by 

chlorophyll content or SPAD readings (Jinwen et al., 2009). SPAD readings indicate that 

plant nitrogen status and the amount of nitrogen to be applied are determined by the 

physiological nitrogen requirement of crops at different growth stages (Gholizadey et al., 
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2009; Jinwen et al., 2009). This justifies the difference observed between stages A, B, and C 

which are respectively: beginning tillering, maximum tillering and panicle initiation. Then, 

active tillering and panicle initiation added to flowering are the most critical growth stages of 

rice, where it could not suffer from any stress from achieving the target yield. This trial 

proved that stage C obtained the highest SPAD value. Vijayalakshmi et al. (1997) used 

different application rates of nitrogen at different developmental stage and explained that the 

low chlorophyll content observed at the panicle initiation by the deficit observed from the 

tillering stage which could not be compensated with the supply of nitrogen. When Ramesh et 

al. (2002) demonstrated that the leaf chlorophyll content at 79 days after sowing correlated 

well with the grain yield of rice. Batten (2002) stated that the accumulation of N in the 

vegetative body is high during the initial growth stages and declines with age during the later 

growth stages. Gholizadey et al. (2009), saw also a significantly high mean SPAD value at 80 

DAT than at 55 DAT, and explained it by the effect of accumulation of more chlorophyll so 

nitrogen in young leaves samples.   

The different behavior of SPAD value found in this study can explained either by the 

expression of  the accumulation  of chlorophyll so that an increasing nitrogen content with 

growth stage when an increased is observed; or a lack of nutrients especially nitrogen when a 

decreased in reached due to an high need at the preceding stage. This is the case of the 

decreased at maximum tillering sometimes; but it is corrected at panicle initiation, hence the 

increase observed. Possibly, this value may have been influenced by other parameters. Thus, 

the responses of the same leaf at different growth stages to status of N supply should deserve 

attention when SPAD is used to diagnose plant N status (Jinwen et al., 2009) because Zhang 

et al., 2008)’s study on corn revealed that the difference of plant physiological age could be 

induced by others factors such as tillage and soil organic matter. These could introduce 

unexpected errors to the diagnosis of N deficiency during various growth stages. One of 

solutions to solve this issue could be demonstrating the existence of linear regression between 

SPAD and N content in the leaf, that will help us in predicting the N status of the crop 

instantaneously for correction of the deficiency, if any (Swain et al., 2010). In the case of our 

study, these values explain only 30 - 40% of yields, using the regression analyzes considering 

the contribution of SPAD values at each developmental stage performance obtained in each 

growing season. This correlation is higher at stage C. 
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6.5. Influence of sawah and traditional system combined with fertilizers use on nutrients 

uptake 

6.5.1. Effects of water management combined with fertilizers use on nutrients uptake by 

straw, grain and plants and their impact on iron absorption.  

Nitrogen uptake in the straw differs significantly between plots which received fertilizers and 

those which are not fertilized. This result is in accordance with those obtained by Tayefe et al. 

(2011) and Artacho et al. (2009) who observed a significantly increased of nitrogen uptake in 

the straw with N application. They observed the highest content of N uptake 57.2 kg/ha with 

application of 90 kg/ha while in our case it is observed an amount of 28 Kg/ha with 

application of 109 Kg/ha regardless water management. But in the sawah fertilized, an 

amount of 32.1 Kg/ha is observed. Nitrogen uptake in straw is quite low in the case of Bamè 

compared to those obtained by Tayefe et al. (2011). According to phosphorus uptake, the 

same trend was shown by the work of Saleque et al. (2006) who observed an increased of P 

uptake with addition of fertilizers than in controlled plots. K uptake is also increased with 

application of fertilizers as demonstrated by Panaullah et al. (2006).  

Efficient water management could improve nutrient uptake. That is the reason why in the case 

of this trial a highly significant effect of sawah system observed compared to the traditional. 

As a significant difference was observed between SRI a kind of water management system 

and farmer practices by Janaki, 2006 and Zhao et al. (2011), the sawah system also enhanced 

nutrients uptake in straw. This could be explained by the different practices which are 

included in the sawah. These practices reduced losses and increased availability of nutrient for 

plants. Nutrients uptake by plants was also analyzed by Barison, 2003. The significant 

increase was confirmed in the SRI. They explained this by the fact that the alternance of 

irrigation and drainage lead to an increase of organic matter mineralization. This allowed the 

most availability of nutrients to plants. Kabir et al. (2011) observed an increase of total 

nutrients uptake by rice STL-655 in saline soil due to contribution of fertilizers when 

compared to the controlled plots.    

In this trial the effect of toposequences on is proved nutrients uptake. This may be caused by 

sub-surface flowing of water with nutrients through one level to another. This could be one of 

the sources of losses that could be recorded. The same effect of toposequence is observed in 

the case straw yields. This was also the case with grain yields. This could mean that nutrient 
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absorption is related to the amount of dry matter. Because there was a significant difference 

toposequence yields and the same difference is observed in the absorption of nutrients. 

In the case of this trial at Bamé, it is noticed that iron increase in the sawah system and also 

with application of fertilizers. The increased could be explained by a poor drainage. This 

system must be enhanced at Bamé to improve productivity. 
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Conclusion and suggestions 

The evaluation of soil initial status and nutrients management was analysed at Bamé site by 

comparing the sawah system and the traditional combined with the use of fertilizers. At the 

beginning of the experiment, soils samples were taken and analyzed to evaluate chemicals 

characteristics and the possibility for rice culture in this inland valley. Results show that these 

soils are globally sandy and acidic with a poor organic matter leading to low nitrogen and 

organic carbon content. Exchangeable acids are also low when compared with those where 

rice is cultivating. But this initial status could be improved by adopting the sawah technology. 

Plants performances were aklso considered while taken into account one dry season and one 

wet season of culture. It was analyzed plant heights, number of tillers, number of panicles and 

SPAD value.The adoption of the sawah system enhanced plants performances at Bamé. The 

sawah system enhanced significantly grain yield when considering all seasons. But significant 

difference was not observed between yield at dry and wet season. According to nutrients 

uptake combined effect of different water management systems and fertilizers use were 

analyzed at the forth season only. It is demonstrated that fertilizers use more important than 

the impact of water management. The sawah also allows significant nutrients uptake when 

compared to the traditional system. It is important to notice that iron content increased in the 

sawah than in traditional and in fertilized plots than those which does not received it. 

Posistive effect of the sawah system was demonstrated through this trial  but it would be 

enhanced to improve productivity at Bamè.  

Two years fields experiment was done at Bamè. Different parameters were used to evaluate 

soils initial status and nutrients management. Results showed that effort must be done to 

improve the quality of this system at Bamè for more productivity: 

� Review drainage and  irrigation system to enhance productivity 

� Improve the use of SPAD meter for a site specific nutrient management especially 

nitrogen for a use efficiency of fertilizers 

� Determine the real amount of fertilizers  to increase yield 

� Varying the amount of water to determine the optimum level that permit high grain 

yield.
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Annexes of tables and figures 

Annex 1: Plant performance 

Annex 1.1: Height 

Table 8: effect of   water management and fertilizer use on heights at second wet season at 

Bamè                      

 Sum Sq    Df F value     Pr(>F)     

Fertilizer 21996     1      30.4084 4.222e-08 *** 

Water 5719 1 7.9058   0.005002 ** 

Fertilizer: Water    123 1 0.1700   0.680189     

Residuals   934578 1292   

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Table 9: effect of water and fertilizers management on plants height at second dry season at 

Bamè                       

 Sum Sq    Df F value     Pr(>F)     

Fertilizer     40696 1      48.6904 4.776e-12 *** 

Water 3868 1 4.6278    0.03164 *   

Fertilizer: Water    136 1 0.1622    0.68725     

Residuals   1079879 1292   

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Annex 1.2: Number of tillers 

Table 10: effect of different factors on number of tillers in second dry season                                         

 Sum Sq      Df F value     Pr(>F)     

Water 406.7     1 121.9229 < 2.2e-16 *** 

Fertilizer 613.9     1 184.0525 < 2.2e-16 *** 

Stage 3298.6     2 494.4495 <2.2e-16 ***              

Fertilizer:Stage              72.5     2 10.8635 2.097e-05 *** 

Fertilizer:Water 39.4     1 11.8149 0.0006064 *** 

Stage:Water               17.3     2 2.6003 0.0746452 

Fertilizer:Stage:Water    51.4     2 7.7059 0.0004713 *** 

Residuals 4283.0 1284   

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
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Table 11: Effect of different factors on number of tillers at second wet season at Bamè                               

 Sum Sq    Df F value     Pr(>F)     

Water 690.52     1 345.2309 < 2.2e-16 *** 

Fertilizer   231.72     1 115.8480 < 2.2e-16 *** 

Stage 1371.56     2 342.8604 < 2.2e-16 ***                   

Fertilizer:Stage              37.93     2 9.4810 8.176e-05 *** 

Fertilizer:Water          0.25     1 0.1250     0.7237     

Stage:Water              68.15     2 17.0359 4.987e-08 *** 

Fertilizer:Stage:Water     4.88     2 1.2186     0.2960     

Residuals 2568.22 1284   

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  

Annex 1.3: Number of panicles 

Table 12: effect of different treatments on number of panicles in the second dry season  

 Sum Sq    

 

Df F value    Pr(>F)    

Treatment 25.3     1 1.6886 0.194013            

Fertilizer 143.3       1 9.5749 0.002015 ** 

Fertilizer:Treatment      0.7     1 0.0495 0.823911    

Residuals 19341.0 1292   

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  

Table 13: effect of different treatments on number of panicles in the second wet season  

 Sum Sq    

 

Df F value    Pr(>F)    

Water 40.5     1 4.6774 0.03074 * 

Fertilizer 50.2     1 5.7999 0.01617 * 

Fertilizer: Water      0.8     1 0.0971 0.75535   

Residuals 11176.9 1292   

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
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Annex 2: SPAD values 

Table 14: SPAD values depending on different factors at the first wet season 

 Sum Sq    Df F value     Pr(>F)     

Fertilizer 20730     1   669.4108 < 2.2e-16 *** 

Stage 4600 2    74.2637 < 2.2e-16 *** 

Treatment 119883 1 3871.1828 < 2.2e-16 *** 

Fertilizer:Stage                 7 2        0.1052     0.9002     

Fertilizer:Treatment          1195 1    38.5896   7.052e-10 *** 

Stage:Treatment                 18 2     0.2978     0.7425     

Fertilizer:Stage:Treatment      40 2 0.6409     0.5270     

Residuals 39763 1284   

 

Table 15: Spad values depending on different factors at the first dry season 

   Sum Sq    Df F value     Pr(>F)     

Fertilizer 4821.0     1 810.6851 < 2.2e-16 *** 

Stage 8112.2     2 682.0640 < 2.2e-16 *** 

Treatment 23.4     1    3.9283    0.04769 *   

Fertilizer:Stage            1136.0     2 95.5138 < 2.2e-16 *** 

Fertilizer:Treatment           9.3     1 1.5643    0.21127     

Stage:Treatment               25.4     2   2.1335    0.11885     

Fertilizer:Stage:Treatment   318.3     2 26.7593 4.114e-12 *** 

Residuals 7635.7 1284     

 

Table 16: SPAD values depending on different factors at the second wet season 

 Sum Sq    Df F value       Pr(>F)   

 

Fertilizer 2744.3     1 356.2349 < 2.2e-16 *** 

Stage 10724.0     2 696.0358 < 2.2e-16 *** 

Treatment 245.7     1   31.8948 2.002e-08 *** 

Fertilizer:Stage             1077.3     2 69.9184 < 2.2e-16 *** 

Fertilizer:Treatment           51.7     1 6.7137   0.009676 ** 

Stage:Treatment               480.1     2 31.1633 6.084e-14 *** 

Fertilizer:Stage:Treatment     0.1     2 0.0058   0.994200     

Residuals 9891.5 1284   
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Table 17: SPAD values depending on different factors at the second dry season 

 Sum Sq    Df F value     Pr(>F)     

Fertilizer 784.0     1 86.7677 < 2.2e-16 *** 

Stage 2206.0     2 122.0709 < 2.2e-16 *** 

Treatment 909.7     1 100.6785 < 2.2e-16 *** 

Fertilizer:Stage              570.9     2 31.5909 4.047e-14 *** 

Fertilizer:Treatment           43.9     1 4.8616 0.0276378 *   

Stage:Treatment              2676.6     2 148.1117 < 2.2e-16 *** 

Fertilizer:Stage:Treatment    140.9     2   7.7951 0.0004315 *** 

Residuals 11601.7 1284   

   Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Table 18: Effect of water management on grain yields for all seasons.           

 Df Sum Square Mean Square Fvalue Pr(>F) 

water 1 1  290.7 290.657   148.63 < 2.2e-16 *** 

Residuals 1726 3375.2    1.956             

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Table 19: effects of different factors considering all seasons 

 Sum Sq    Df   F value     Pr(>F)     

Fertilizer                          706.48     1  496.2991 < 2.2e-16 *** 

Season                               0.11     1 0.0763 0.7824061     

topos   31.96     5 4.4909 0.0004540 *** 

water 290.66     1 204.1843  < 2.2e-16 *** 

Fertilizer:Season                    74.13     1 52.0740 8.058e-13 *** 

Fertilizer:topos                      6.46     5 0.9079 0.4257219     

Season:topos                          2.12     5 0.2972 0.9145768     

Fertilizer:water 20.00     1 14.0494 0.0001841 *** 

Season:water                    106.16     1 74.5751 < 2.2e-16 *** 

topos:water                          10.50     5 1.4754 0.1947163     

Fertilizer:Season:topos                2.24     5 0.3147 0.9043297 

Fertilizer:Season:water           0.01     1 0.0068  0.9341261     

Fertilizer:topos:water            9.67     5    1.3588 0.2370098     

Season:topos:water                5.17     5   0.7263 0.6037121      

Fertilizer:Season:topos:water       8.72     5 1.2251 0.2947247     

 

Residuals                         2391.49 1680                          
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Table 20 Impact of different factors in the first wet season 

 Sum Sq        Df F value Pr(>F)     

Fertilizer                   15.60    1   15.8191 8.245e-05 *** 

topos                         9.48    5      1.9233    0.08938 

Treatment                   299.50    1 303.6519 < 2.2e-16 *** 

Fertilizer:topos              4.61    5   0.9340    0.45873     

Fertilizer:Treatment           24.04    1 24.3693 1.161e-06 *** 

 topos:Treatment                            7.77    5   1.5763    0.16558     

Fertilizer:topos:Treatment   2.00    5 0.4051      0.84530     

Residuals                                       402.42 408   

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Table 21: Impact of different factors in the first dry season 

 Sum Sq   Df F value     Pr(>F)     

Fertilizer            291.07    1 265.2263 < 2.2e-16 *** 

Treatment                13.16    1 11.9917 0.0005882 *** 

Fertilizer:Treatment   4.60    1   4.1957 0.0411351 *   

Residuals                             469.70                      428   

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Table 22: Impact of different factors in the second wet season 

 Sum Sq   Df F value     Pr(>F)     

Fertilizer             15.60    1   15.666 8.848e-05 *** 

Treatment             299.50    1 300.706 < 2.2e-16 *** 

Fertilizer:Treatment  24.04    1   24.133 1.282e-06 *** 

Residuals             426.28                     428   

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
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Annexe 3: Nutrients uptake 

Table23: Effect of different management on nitrogen N uptake by straw. 

 Sum Sq   Df F value     Pr(>F)     

Fertizers   10122.9    1 105.3633 < 2.2e-16 *** 

Toposequence 3384.3    5 7.0451  4.022e-06 *** 

Water 1926.7    1   20.0538 1.219e-05 *** 

Fertizers:toposequence 747.6    5    1.5563     0.1737     

Fertizers:traitment                 146.2    1   1.5218     0.2187     

Toposequence:water 858.1    5    1.7863     0.1168     

fertizers:toposequence:traitment    430.6    5 0.8964       0.4844     

Residuals 20752.5 216                                               

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Table 24: Effect of different management on Phosphorus P uptake by straw 

 Sum Sq   Df F value     Pr(>F)     

Fertizers      536.01    1 117.2864 < 2.2e-16 *** 

Toposequence 184.38    5 8.0691 5.356e-07 *** 

Water 35.97    1   7.8704   0.005484 ** 

Fertizers:toposequence             45.01    5    1.9697   0.084294 

Fertizers:water                4.35    1 0.9513      0.330489     

Toposequence:traitment             41.30    5 1.8073      0.112563     

Fertizers:toposequence:traitment  11.42    5 0.5000     0.776074     

Residuals 987.13 216                         

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Table 25: Effect of different management on Potassium K uptake by straw 

 Sum Sq   Df F value     Pr(>F)     

Fertizers 49971 1 98.4680   < 2.2e-16 *** 

Toposequence   21910 5 8.6348     1.775e-07 *** 

Water 7535 1 14.8474  0.0001537 *** 

Fertizers:toposequence              4952 5 1.9514     0.0871051 

Fertizers:traitment                  134 1 0.2643     0.6077067     

Toposequence:traitment              3089 5 1.2173     0.3019830     

Fertizers:toposequence:traitment   1204 5   0.4744   0.7951360     

Residuals 109616 216                        

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
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Table 26: Effect of different management on Iron   Fe uptake by straw 

 Sum Sq   Df F value     Pr(>F)     

Fertilizers 4.901    1 22.8803 3.191e-06 *** 

Toposequence 5.293    5 4.9423     0.000264 *** 

water 0.011    1 0.0495     0.824152     

Fertilizers:Toposequence 2.545    5 2.3760     0.039999 *   

Fertilizers:water 2.130    1 9.9452     0.001842 ** 

Toposéquence:water 2.324    5 2.1701   0.058557 

Fertilizers:toposéquence:water 0.398    5   0.3717   0.867725     

Residuals  46.269 216                        

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Table 27:Effect of different management on Nitrogen N uptake by grain.   

 Sum Sq   Df   F value Pr(>F)     

Fertilizers 32693 1 195.0755   <2e-16 *** 

Toposequence 811 5 0.9680 0.4383     

Water 8 1 0.0463 0.8298     

Fertilizers:Toposequence               49 5    0.0583 0.9978     

Fertilizers:water                397 1    2.3664 0.1254     

Toposequence:water                476 5    0.5682 0.7243     

Fertilizers:Toposequence:water  1053 5 1.2562 0.2841     

Residuals 36199 216                                                  

 

Table 28: Effect of different management on Phosphorus P uptake by grain. 

 Sum Sq   Df F value   Pr(>F)     

Fertilizers                         1059.20    1 106.2555 <2e-16 *** 

Toposequence                         31.60    5    0.6341 0.6739     

traitment                            21.27    1    2.1337 0.1455     

Fertilizers:Toposequence                26.85    5 0.5386 0.7469     

Fertilizers:traitment                   20.74    1 2.0808 0.1506     

Toposequence:traitment                  18.97    5 0.3806 0.8617     

Fertilizers:Toposequence:traitment     75.04    5   1.5055 0.1892     

Residuals                                               2153.17 216   
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Table 29: Effect of different management on Potassium K uptake by grain.  

 Sum Sq   Df F value   Pr(>F)     

Fertilizers                         2473.7    1 160.6587 < 2e-16 *** 

Toposequence                            10.4    5 0.1352 0.98408     

Water                              24.6    1 1.5947 0.20801     

Fertilizers:Toposequence                99.4    5 1.2910 0.26884     

Fertilizers:traitment                 43.1    1   2.7962 0.09593 

Toposequence:traitment                85.1   5    1.1055 0.35841     

Fertilizers:Toposequence:traitment   47.4   5    0.6157 0.68799     

Residuals                           3325.8                     216   

Table 30: Effect of different management on Iron Fe uptake by grain.  

 Sum Sq   Df F value     Pr(>F)     

Fertilizers 0.68823    1 53.5417 4.908e-12 *** 

Toposequence 0.12234 5   1.9036    0.09489 

Water 0.02179    1 1.6950    0.19433     

Fertilizers:Toposequence            0.14290    5 2.2234    0.05309 

Fertilizers:water              0.22894    1 17.8105 3.593e-05 *** 

Toposequence:water            0.02058    5   0.3202    0. 90049     

Fertilizers:Toposequence:water  0.12199      5 1.8980    0.09583 

Residuals                          2.77650216                         

Table 31:  Compared effect of sawah and traditional  combined with fertilizers use on 

Nitrogen uptake by plant 

 Sum Sq   Df   F value     Pr(>F)     

Fertilizers 81842 1 244.9202   < 2.2e-16 *** 

Toposequence 6842 5    4.0948   0.001425 **  

Water 1867 1 5.5864   0.018987 *   

Fertilizers:Toposequence                  718 5    0.4297   0.827622     

Fertilizers:traitment                    151 1   0.4504   0.502868     

Toposequence:traitment                      2152 5 1.2881   0.270096     

Fertilizers:Toposequence:traitment    1192 5    0.7136   0.613836     

Residuals                                      72178 216     
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Table32:  Compared effect of sawah and traditional  combined with fertilizers use on 

Phosphorus uptake by plant 

 Sum Sq   Df   F value   Pr(>F)     

Fertilizers                         3106.3    1 186.0417 < 2e-16 *** 

Toposequence                         328.6   5    3.9365 0.00195 ** 

Water                        96.0       1 5.7508 0.01733 *   

Fertilizers:Toposequence              92.3   5    1.1057 0.35834     

Fertilizers:water               6.0       1 0.3617 0.54818     

Toposequence:water               95.1   5    1.1394 0.34051     

Fertilizers:Toposequence:traitment   87.3   5    1.0459 0.39164     

Residuals                           3606.5 216   

Table 33:  Compared effect of sawah and traditional combined with fertilizers use on 

Potassium uptake by plant 

 Sum Sq   Df F value       Pr(>F)    

Fertilizers                             86320 1 153.7567 < 2.2e-16 *** 

Toposequence                             21130 5 7.5275 1.552e-06 *** 

Water                          7298   1 13.0002 0.0003868 *** 

Fertilizers:Toposequence              1811 5    0.6451 0.6654913     

Fertilizers:water                     240 1 0.4272 0.5140822     

Toposequence:water               3037   5   1.0819 0.3713312     

Fertilizers:Toposequence:water    685   5    0.2442 0.9423681     

Residuals                           121264 216   

Table 34:  Compared effect of sawah and traditional combined with fertilizers use on Iron 

uptake by plant 

 Sum Sq   Df F value       Pr(>F)    

Fertilizers                             11.073    1 47.9751 4.877e-11 *** 

Toposequence                             5.081    5 4.4023   0.000774 *** 

Water                          0.052     1 0.2260   0.634974       

Fertilizers:Toposequence              1.792    5    1.5527   0.174790     

Fertilizers:water                     4.942    1 21.4099 6.391e-06 *** 

Toposequence:water               2.436     5   2.1107   0.065282 

Fertilizers:Toposequence:water    0.329    5   0.2851   0.920914    

Residuals                           49.856 216   
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Acronyms and abbreviations 

Ca  : Calcium 

CBF  : Cellule Bas-Fonds  

CEC  : Cationic Exchange Capacity 

C/N  : ratio organic carbon / total Nitrogen 

FAO  : Food and Agriculture Organization of the United Nations 

Fe  : Iron 

g  : gram 

H  : Hydrogen 

Ha  : Hectare 

IFA  : International Fertilizer Industry Association 

IRRI  : International Rice Research Institute 

IITA  : International Institute of Tropical Agriculture 

K  : Potassium 

Kg  : Kilogram 

Mg  : Manganese 

N  : Nitrogen 

Na  : Sodium 

NERICA : NEw RICe for Africa 

O  : Oxygen 

OC  : Organic Carbon 

OM  : Organic Matter 

P  : Phosphorus  



Annexes 
 

k 

 

PFPN  : Partial Factor of Productivity of Nitrogen 

SMART-IV : Sawah, Market access and Rice Technologies for Inland Valleys 

pH  : potential Hydrogen 

SD                 : Standard Deviation 

SPAD  : Soil and Plant development 

SRI               : System of Rice Intensification  

SSA           : Sub-Saharan Africa 

T  : Tonnes 

USDA           : United States Departement of Agriculture  

WARDA : West Africa Rice Development Association 

Zn  : Zinc 
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Résumé étendu 

Le riz est la céréale la plus consommée dans le monde et vient en deuxième position juste 

après le blé. La consommation du riz est de plus en plus entrée dans les habitudes alimentaires 

des populations  aussi bien en Afrique subsaharienne qu’au Bénin en particulier. Alors que 
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ces dans ces mêmes pays en voie de développement que la pauvreté est grandissante et que la 

population ne cesse de s’accroître de façon exponentielle. On note une  demande est fortement 

croissante du riz en Afrique subsaharienne due à la forte croissance de la population; c’est le 

cas du Bénin où la demande du riz est estimée à 93.172 tonnes en 2005 et va connaitre une 

croissance jusqu’à 132.750 tonnes en 2015. Cette forte demande du riz implique une forte 

production  pour la satisfaire, ce qui n’est pas encore une réalité ni Afrique subsaharienne ni 

au Bénin en particulier Il convient d'accroître la production de riz pour réduire la faim et de 

prévenir la future demande résultant de la croissance démographique. Le riz est produit 

généralement dans différents écosystèmes dont principalement sur les plateaux et les plaines. 

La production du riz se fait généralement sur différents écosystèmes. On observe le riz de 

plateau qui compte pour 40% de la production totale en afrique subsaharienne mais qui ne 

produit que 19% alors que le riz irrigué  ne compte pour 14% de la production totale mais 

contribue à 30% de la production totale de cette sous-région. Il faut ajouter à cela toutes les 

contraintes auxquelles sont confrontées la culture du riz sur plateau et qui influence le 

rendement. Ce sont principalement la sécheresse, les l’invasion par les mauvaises herbes, la 

faible fertilité des sols, les maladies, les attaques par les insectes, la dégradation des sols, la 

disponibilité limitée de l’eau, l’instabilité des pluies due au climat. A côté de ceux-ci les 

plaines offrent une plus grande disponibilité à la culture du riz. En effet elles sont répandus en 

Afrique subsaharienne et particulièrement au Bénin où on dispose de 205.00 ha mais 

seulement 600ha sont exploités. Ces plaines sont dotées de caractéristiques favorables à la 

culture de l’eau. Leurs sols sont de qualité  relativement meilleure par rapport aux sols de 

plateaux; de plus l’eau n’est pas un facteur limitant. La production du riz serait très 

avantageuse dans ces écosystèmes qui sont encore non exploitées. Cependant cela nécessite la 

mise en place de système efficient de gestion de la fertilité sols et de l’eau pour une 

production durable et aussi intensive. La fertilité des sols est l’une des contraintes majeures 

qui influence la production. Pour une production optimale, il est important de déterminer le 

statut initial de la fertilité des sols, les potentialités des sols dont on dispose en vue de mettre 

en place les pratiques adéquates pour assurer la durabilité de la production. La fertilité des 

sols est définie comme l’aptitude à apporter à la plante les nutriments nécessaire pour un 

meilleur rendement. Les sols ne sont toujours pas capables d’apporter en quantités adéquates 

les nutriments nécessaires. Ainsi, des apports externes sous formes d’engrais organiques ou 

minéraux sont souvent ajoutés. En Afrique, la faible utilisation des engrais ajoutés aux 

pratiques néfastes à la production entrainent de faibles rendements. Dans les plaines ou bas-
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fonds cultivés, les faibles rendements sont dus à l’enlèvement des résidus de récolte et à la 

mauvaise gestion de l’irrigation. Or, la fertilisation et l'irrigation sont les principales 

préoccupations de la gestion des terres de bas-fonds. Le manque de techniques de 

conservation des sols et de la gestion de l'eau conduit à la dégradation des terres, une 

contrainte majeure de l'environnement avec de graves répercussions sur la productivité 

agricole grâce à une diminution de la fertilité des sols. Il convient d'identifier un système 

rationnel de gestion de l'eau qui permet à la fois aux agriculteurs et à augmenter le rendement 

des cultures avec peu d'eau et l'amélioration de la fertilité des sols. Le système sawah vient à 

point nommer répondre à ces besoins. Il permet de gérer l'eau et facilite la gestion de la 

fertilité des sols offrant ainsi une possibilité de riziculture intensive (AfricaRice, 2010). 

Le sawah est une amélioration artificielle ou aménagement de champs de riz qui sont 

délimités, nivelés, endigués et travaillés à l’état humide avec une entrée et une sortie de l’eau. 

La connexion peut se faire avec divers équipements comme les canaux d’irrigation, les étangs, 

les pompes, (wakatsuki et al., 2007).  En fait le terme « sawah » est une appelation malayo-

idonésienne de la culture du riz irrigué et correspond au système « paddy » au japon par 

exemple ou en Chine. Ce système existait déjà dans les pays asiatiques et est mis en œuvre 

dans les pays en développement en Afrique sub-saharienne, compte tenu de ses avantages 

dans ces pays d'origine, avec l'objectif de gestion durable des sols fertilité et la productivité de 

l'eau. 

De nombreux essais sur le long terme ont démontré que le système sawah est une méthode de 

riz hautement productive et une agriculture durable grâce à ses mécanismes naturels de 

réapprovisionnement en nutriments (Kyuma et Wakatsuki, 1995; Groenland, 1997) cité par 

(Abe et al., 2011.). Une étude montre que le traitement sawah donne des rendements en grains 

plus élevés par rapport aux pratiques des agriculteurs au Ghana (Issaka et al., 2009). Le 

développement du système Sawah peut améliorer la productivité du riz dans les bas-fonds 

lorsqu'il est appliqué en combinaison avec des variétés améliorées et des engrais (Becker et 

Johnson, 2001; Sakurai, 2006; Touré et al., 2009) cité par Abe et al. (2011). Cette étude vise à 

évaluer l'effet du potentiel de ce système par l'évaluation de la fertilité des sols dans le riz 

soumise au système sawah. 

� Objectifs de recherche 

L’objectif de ce travail est l’évaluation de la fertilité des sols et de la gestion des nutriments  

sous les systèmes sawah et traditionnel. 
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Plus spécifiquement, de : 

• Déterminer l’influence des propriétés physiques et chimiques des sols   à partir des 

paramètres tels que le carbone organique, l’azote total, les cations échangeables, le 

pH le phosphore disponible sur la production du riz. 

• Evaluer l’effet des différentes pratiques de gestion mises en place sur la croissance 

des plantes et le rendement 

� Hypothèses de recherche  

• Le statut initial des sols est adaptable à la production du riz 

• Les différents systèmes de gestion de l’eau et l’application de fertilisation 

influence les performances des plants de riz. 

• La gestion de l’eau et l’utilisation des engrais affectent les rendements et 

l’absorption des nutriments 

Ces différents objectifs ont été mis en place sur le site de Bamé qui est localisé dans le 

département du Zou avec 2 ° 24' longitude Est et 7 ° 12 latitude Nord. Ce bas –fonds est 

délimité par deux cours d’eau permanents l’un au nord et l’autre au sud nommés 

respectivement Tadoo qui est utilisé pour l’irrigation sur le site de Bamè et Assantin (Figure 

1). La population pratique surtout l’agriculture à Bamé. Ensuite vient la pêche. Bamè est 

caractérisé par un climat tropical de type subéquatorial avec quatre saisons inégalement 

réparties dont deux sèches et deux saisons pluvieuses. La température moyenne mensuelle 

varie entre 25 et 28° (données 2011). L’insolation moyenne varie entre 210.61 to 130.67 

Watt/m² source nos propres données 2011).  Ces deux saisons des pluies permettent une 

intensification de la production de riz dans la vallée intérieure, car il montre que l'eau n'est pas 

un facteur limitant dans cette zone agro-écologique. En outre, cette disponibilité des 

ressources en eau mais rares dans d'autres pays permet de mettre en œuvre un système de 

riziculture irriguée. Ainsi, la production de riz à Bamé est effectuée deux fois au cours d'une 

année. On distingue une culture de saison dite humide et la culture de saison sèche. La culture 

de saison humide s'étend de Mars à Mai et celle de saison sèche de Septembre à Novembre.  

 

� Le dispositif expérimental est un split-spli-plot avec facteurs : 
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Le facteur principal est le système de gestion de l’eau possédant deux traitements : le système 

traditionnel qui est celui pratiqué par les producteurs. Il consiste à irriguer tous les jours. Et le 

système sawah qui consiste à irriguer seulement lorsqu’il est nécessaire.  

Les facteurs secondaires sont l’application d’engrais, la toposéquence et les saisons comme 

décrit ci-dessous. 

Fertilisation minérale : à l’intérieur de chaque système de gestion de l’eau on observe deux 

traitements d’engrais pour évaluer l’absorption des nutriments sous ces différentes conditions. 

L’un qui consiste à la non application d’engrais et l’autre qui consiste à appliquer 109 Kg/ha 

de N, 18 Kg/ha de P et 17 kg/ha de K. Le même traitement est appliqué quelque soit la saison 

de culture (sèche ou humide). 

La toposéquence : le nombre de niveau de la toposéquence a été déterminé à partir de la 

longueur du champ et de la superficie de carrés de densité à mettre en place. Ainsi pour une 

longueur de 60m, des carrés de densité de 10m de côté ont été mis en place ; ce qui a permis 

d’obtenir six niveaux de toposéquence (top1 - top2 - top3 - top4 - top5 and top6) du niveau le 

plus élevé vers le niveau le plus bas.  Ces  parcelles sont localisées sur la pente transversale au 

canal principal traversant le site, lequel est utilisé pour l’irrigation. 

Les saisons : l’expérimentation a été mise en place considérant deux saisons par an. La saison 

sèche  généralement de Février à Juin et la  saison humide d’Août à Décembre. Ce facteur a 

été ajouté pour ce thème compte tenu des variations  de rendement et des composantes du 

rendement suspectées pendant ces deux saisons. 

Ce dispositif est particulièrement randomisé selon la disposition de lignes de traitement c'est-

à-dire les répétitions qui sont complètement aléatoires. Mais les parcelles  à l’intérieur de 

chaque ligne ne sont pas randomisées. 

Chaque parcelle est d’une surface de 100 m² (parcelle à-dire contenant un type de traitement 

d'engrais à l’intérieur d’un système de gestion de l’eau). Ces parcelles sont drainées et 

irriguées séparément. Ces parcelles sont séparées par une distance de 1m afin d’éviter la 

contamination des engrais dans les deux systèmes (sawah vs traditionnel). Toute l'expérience 

a été menée sur une superficie totale de 4800 m². 

Le NERICA L-19,  connue  pour ses bonnes performances, son aptitude à résister à différents 

stress est la variété de riz utilisée. Elle est spécifiquement adaptée aux bas-fonds 
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L’expérimentation s’est déroulée sur deux ans soit quatre saisons (deux sèches et deux 

humides) depuis Septembre 2010.   

Pour aboutir à l’objectif principal de cette étude, différents outils ont été utilisés notamment 

les échantillons de sols prélevés avant la mise en place de l’essai et les échantillons de paille 

et de grains de la quatrième saison. Neuf carrés de densité  de 1m² ont été mis en place à 

l’intérieur de chaque parcelle et dans lesquelles les échantillons ont été prélevés.  

Les échantillons de sols prélevés au début de l’expérience ont servi à déterminer le statut 

initial des sols  pour une possibilité de la culture du riz dans ces bas-fonds. Les paramètres 

suivant ont été analysés le pH, Carbone Organique, l’azote total, Phosphore disponible, les 

cations échangeables (Ca++, Mg++, K+, and Na+) et le Fer Fe++. Ces analyses ont été effectuées 

sur 240 échantillons. La texture a été aussi détermine utilisant uniquement les 48 échantillons 

centraux.   

Pour évaluer l’effet des différentes pratiques de gestion  sur la croissance es plantes les 

paramètres suivant ont été considérés : la hauteur des plants, le nombre de talles par plant, le 

nombre de panicules par plant et les valeurs SPAD à trois différents stades de croissance que 

sont début tallage, tallage maximum et initiation paniculaire. 

L’évaluation de l’effet des différents systèmes de gestion sur les rendements et l’absorption 

des nutriments a été aussi faite. Pour cela les rendements  grains enregistrés ont été estimés à 

14% d’humidité. Les grains et les pailles de la quatrième saison uniquement ont été  analysés 

au laboratoire dans le but de déterminer les teneurs en azote, phosphore, potassium et fer. Ces 

teneurs ont été utilisés dans le calcul des quantités de ces nutriments absorbés par les grains, 

les pailles et la plante  en général.  On a disposé de 438 échantillons de grains et 438 

échantillons de pailles. Mais les analyses de laboratoires n’ont porté que sur 240 échantillons 

de chacun d’eux. Le tableau  présente un récapitulatif de matériel et méthode. L’analyse 

statistique a été faite à partir du logiciel R version 13.1. Elle a consisté essentiellement en une 

ANOVA (Analyse Of Variance) comparant les différences entre les moyennes.  Les résultats 

d’analyse de laboratoire ont permis d’identifier trois types de texture à Bamé: sableuse, 

limono-sableuse et sablo-limoneuse. Ces sols sont acides avec un pH moyen de 5,2. La teneur 

en carbone organique moyenne est faible. Elle est de 8,6 g/kg et se traduit en une faible teneur 

en azote de 0,76 g/kg en moyenne. Dans le cas du site Bamé, le phosphore ne semble pas être 

un facteur limitant. Cette valeur est de 27,2 mg/kg. Les cations échangeables sont aussi faibles 

sur ce site et on enregistre les teneurs moyennes respectives de 0,1 ; 2,2 ; 0,3 et 0,1 cmol+/kg 
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pour le potassium K+, le calcium Ca++, le manganèse Mg++ and le sodium Na+. La teneur 

moyenne en Fer Fe++ est de 220 mg/Kg. Cette teneur est relativement élevée. En somme ces 

sols présentent de faibles caractéristiques chimiques et sont surtout pauvres en matière 

organique. Cependant elles sont adaptées à la culture du riz, lorsqu’on y met en place un 

système adéquat qui permettra d’améliorer ces caractéristiques tel le système sawah. Les 

performances du riz concernent la hauteur, le nombre de talles, le nombre de panicules, les 

valeurs SPAD et le rendement grain. Ces paramètres sont très importants pour estimer l’effet 

des différents systèmes de gestion de culture du riz. L’analyse de la hauteur, du nombre de 

talles, du nombre de panicules a porté sur les deux dernières saisons uniquement (une saison 

sèche et une saison pluvieuse). On observe une différence significative de la hauteur des 

plants en fonction du système de gestion de l’eau et aussi avec l’apport de la fertilisation. 

Cependant l’interaction entre les deux facteurs n’est pas significative. Il en est ainsi aussi bien 

en saison sèche (figure 22) qu’en saison pluvieuse (figure 23). On observe aussi en saison 

sèche qu’en saison pluvieuse une différence significative du nombre de talle en fonction des 

systèmes de gestion. Il en est de même du nombre de talles (figures 24 et 25), du nombre de 

panicules (figures 26 et 27) et des valeurs SPAD. L’analyse des valeurs SPAD et du 

rendement a été faite en prenant en compte toutes les quatre saisons  (deux saisons sèches et 

deux saisons humides). On n’observe pas de différence significative du rendement en fonction 

des saisons. Le rendement moyen observé à Bamé quelque soit le mode de gestion est de 4,2 

T/ha de riz paddy, pouvant atteindre un maximum de 9,2 T/ha à 14% d’humidité. La valeur 

moyenne du rendement observé sous le système sawah est significativement plus élevée que 

sous le système traditionnel, surtout avec l’apport la fertilisation. Le facteur partiel de 

productivité présente aussi la même tendance que celle observée au niveau du rendement. Or 

cette valeur indique la quantité d’azote absorbée pour produire 1Kg de rendement. Les 

nutriments N, P, et K absorbés par le riz (grains et pailles) ont été aussi analysés. Ces valeurs 

sont obtenues à partir de la teneur en ces nutriments obtenus après analyse au laboratoire. Une 

augmentation significative de la quantité de ces nutriments a été observées lorsqu’on passe du 

système traditionnel au système sawah aussi bien qu’avec l’apport de la fertilisation. Les 

valeurs respective ont été enregistrées sous le système sawah pour le N, P et le K : 24,8 

Kg/ha ; 4,5 Kg/ha ; et 70.5 Kg/ha. Sous le système traditionnel on obtient respectivement19.5 

Kg/ha; 3,8 Kg/ha et 60 Kg/ha pour N, P et K. L’effet de la toposéquence est significatif. La 

figure 15 montre des variations des nutriments absorbés avec l’utilisation combinées de la 

fertilisation et des différents traitements de l’eau. Dans les grains, les parcelles sawah 
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fertilisées et celles traditionnelles produisent des valeurs très proches en nutriments absorbés 

(figure 16). Il n’y a pas de différence significative selon le système de gestion de l’eau. 

Cependant l’interaction entre la fertilisation et le système de  gestion de l’eau est significative 

dans ce cas. L’effet de la toposéquence est aussi significatif sur la quantité de nutriment s 

absorbée par les grains. La figure 17 montre la quantité de nutriments absorbée en moyenne 

par la plante (grains + pailles). On note une augmentation lorsqu’on passe du système 

traditionnel au système sawah. Cette augmentation est nettement marquée avec l’apport de la 

fertilisation. Cette observation a été prouvée par les résultats d’analyse statistique. En somme 

le système sawah procure des avantages à la culture du riz. Mais aussi l’effet de la 

toposéquence se révèle aussi hautement significative. Cependant l’interaction entre ces 

différents facteurs n’est pas significative. L’élimination de l’effet de la toposéquence pourrait 

accroître significativement l’absorption des nutriments et par conséquent le rendement. 

L’absorption du fer ferreux a été aussi analysée selon les différents modes de gestion des 

parcelles. Il a été montré que les pailles traditionnelles lorsqu’elles sont fertilisées elles 

absorbent plus le fer que les parcelles soumises au système sawah. Alors que dans les 

parcelles non fertilisées, les pailles récoltées dans les parcelles sous sawah ont des quantités 

plus élevées en fer (figure 18). La teneur en fer dans les pailles est en moyenne de 0,5 Kg/ha 

et varie entre 0,11 et 3,6 Kg/ha. Dans les grains, l’interaction entre la fertilisation et le mode 

de gestion de l’eau s’est révélée significative; alors que le système de gestion de l’eau à lui 

seul n’est pas significatif. Le même constat a été fait dans le cas de la plante en général. 

L’effet de la toposéquence est aussi significatif. Aussi que le système sawah apporte plus de 

nutriments aux plantes, elle n’améliore pas la toxicité en fer. Spécifiquement au cas du site de 

Bamé, la toposéquence pourrait bien jouer un rôle important dans l’amélioration de la 

productivité et de la toxicité en fer lorsque son effet serait annulé. Il semblerait en  effet que 

l’amélioration du drainage pourrait être aussi favorable à la culture du riz à Bamé. Le système 

sawah  à travers cette expérience apporte des avantages comparatifs à la culture du riz. Plus 

d’efforts pourraient être réalisés pour améliorer ce système à Bamè.  


