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Abstract

The aim of this study was to determine the effect of the main nutrients N, P, K and the N/K ratio on the rice yield index.
To this end, four treatments and a blank control were used in a randomised complete block design with three
replications to carry out this study in a lowland area with a histosol character in the commune of Songon in the south
of Cote d'lIvoire. In this design, the blocks were separated by 1 m and, within each block, the microplots of 15 m?
containing the treatments were separated by 0.5 m. The principle of the experiment is a response curve to increasing
doses of N and K combined with a constant dose of P set at 14 kg P ha-1. The rice variety ARO51H, a hybrid variety from
Senegal evaluated by the GIPS expert group, was transplanted after a 21-day nursery period, with one seedling per
poquet at 20 x 20 cm within the microplots. Fertiliser was applied in three doses at transplanting, tillering and bolting.
A minimum of 5 cm of water was applied to the microplots 10 days after transplanting and maintained until the rice
reached maturity. A selective systemic foliar herbicide (Weedkill 720 SL) was used for weed control and a systemic
insecticide (Decis 50 EC) for insect control. The results showed a very significant effect of the treatments on the harvest
index, which was 43% with the optimum doses of 105 kg N ha-! and 75 kg K ha..
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1. Introduction

Demand for rice in West and Central Africa is growing at 6% per year [1] (WARDA, 2008). This growth is higher than
anywhere else in the world. As a result, local rice production in the various African countries does not meet
consumption needs for this commodity [2] (Norman and Otoo, 2003). In Cote d'Ivoire, rice has become the staple food
for the majority of the population. With rapid urbanisation, an annual population growth rate of 3.3% [3] (Avit et al,
2014) and relatively high demographic growth estimated at 2.8% [4] (DSRP, 2009), rice consumption has increased
from 140,000 tonnes in 1961 to around 1.3 million tonnes in 2008 [5] (USDA, 2009). However, national rice production
is unable to meet the needs of the population, leading to imports costing several billion CFA francs [6] [7] [8] (Aliou,
2005; Amancho et al, 2009; Kouablé, 2010). There are many reasons for this rice deficit. These include the depletion of
the soil of the main nutrients required for rice production in the different agro-ecologies, and standardised,
inappropriate and inaccurate fertilisation [9] [10] (Doberman, 2007; Konan, 2013) in the current context of climate
change. Indeed, fertilisation in such a context leads to fertiliser applications that do not match the nutrient needs of the
crop, resulting in wasted nutrients, money and, above all, environmental pollution [11] (Wang et al., 2001). It is
therefore important to assess the nutrient capacity of the soil so that mineral fertiliser applications can be better
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matched to crop needs. To this end, mineral fertiliser application must take into account the current nutrient reserves
of the soil and the appropriate dose. With this in mind, this study was carried out on a floodplain in the commune of
Songon in the south of Cote d'Ivoire to determine the appropriate doses of N and K and their interaction for better rice
production by assessing their harvest indices and related yield.

2. Materials and methods

2.1. Study site

The experimental site is located in Songon with the following geographical coordinates 5018'53"N and 4015'29"W.
Songon is a commune in the south of Cote d'Ivoire, west of Abidjan, the economic capital of the country. Bordered to the
north by the commune of Yopougon, to the east by the commune of Anyama, and to the south by the departments of
Jacqueville and Dabou, it has an area of 536 km? [12] (MCLU-JICA, 2015). The experimental site is a floodable lowland
(figure 1).
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Figure 1 Location of study area
2.2, Inputs

2.2.1. Plant material

The rice variety used is F5- AR051H, developed by AfricaRice since 2016. It is a variety recommended for flooded
lowlands. The yield potential is between 12-15 t ha? [13] (El-namaky, 2015) (figure 2).
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Figure 2 F5- ARO51H rice seed

2.3. Mineral fertilisers

The mineral fertilisers used in this study are essentially fertilisers containing the mineral elements necessary for rice
development. These are urea (CO(NHz)2: 46% N), triple superphosphate (Ca(H2P04)2-H20: 18-22% P) and potassium
chloride (KCl: 50% K), which contain nitrogen-N, phosphorus-P and potassium-K respectively.

2.4. Morpho-pedological characterisation and soil sampling

For soil characterisation and sampling,a 100 x 80 x 120 m soil pit was opened in the lowland where the trial was located
and described according to the criteria defined by Baize and Jabiol (2011) [14] and Boulet et al. (1982) [15]. The soils
were classified according to the CPCS classification (1967) [16], coupled with that of the World Soil Resources base
(WRB, 2014) [17]. After the morpho-pedological characterisation of the study site, soil samples were taken with an
auger to a depth of 0-20 cm at each corner and in the centre of the microplots. These samples were dried, crushed and
mixed, and 1 kg was taken as a composite sample, which was analysed in the laboratory to determine pH, content of
granulometric fractions, organic carbon (C-org), azotal-N-total, total phosphorus, potassium-K, calcium-Ca, magnesium-
Mg, zinc-Zn, iron-Fe and aluminium-Al, using the analytical methods commonly used in soil science. Soil granulometric
fractions were determined using the Robinson pipette method (Gee and Bauder, 1986) [18]. Soil carbon-C was
determined by the Wakley and Black method (Nelson and Sommers, 1982) [19], total nitrogen-N by the Kjeldahl method
according to Bremner and Mulvaney (1982) [20], K, Na, Ca and Mg, Fe, Zn and Al by electrothermal atomic absorption
spectrometry. The pH of the water was determined using an electronic pH meter on a 1/2.5 water/soil suspension.

2.5. Experimental design

A randomised complete block design was established on an area of 375 m?2 with microplots of 15 m2? with 5 treatments
in 3 replicates. The principle of the experiment was to evaluate the effect of increasing doses of N and K for a constant
dose of P set at 14 kg hal. For this purpose, five treatments were carried out: N1PK1 (control), N2PK1 (T1), N3PK1
(T2), N1PK2 (T3) and N1PK3 (T4). In these treatments, nutrients were applied at rates of 80 kg N ha-1, 100 kg N ha!
and 120 kg N ha'! for N1, N2 and N3 respectively, and 50 kg K ha'1, 100 kg K ha-tand 150 kg K ha'! for K1, K2 and K3
respectively. These nutrients were applied in the form of urea (CO(NH2)2; 46% N), triple super phosphate (Ca(H2P04)2-
H20; 18-22% P) and potassium chloride (KCl; 50% K). The rice variety F5- ARO51H was then transplanted after 21 days
of nursery, with one plant per potand 20 x 20 cm spacing within the microplouts. Potassium and nitrogen were applied
in threes. Phosphorus was applied as a single dose at transplanting. Urea and potassium were applied 1/3 at
transplanting, 1/3 at tillering and 1/3 at bolting. A minimum of 5 cm of water was applied and maintained for 10 days
after transplanting until the rice reached maturity. Weeding was carried out chemically and manually as necessary.
Birds were hunted from the time of milk collection until the day of harvest.

2.6. Collection of rice agro-morphological data

At 21 days after transplanting (DAT) and at 45 DAT, the number of rice tillers was counted per plot for each treatment
in a 1 m? grid. Then, at maturity, the height of the plant and the number of rice panicles were determined under the
same conditions. Harvesting was carried out manually over an area of 8 m?2 in each microplot, leaving two border lines
to avoid border effects. After threshing and drying, the weight of the straw and that of the rice grains were determined
to estimate the grain yield (GY) and straw yield (SY). The moisture content of the rice grains was determined after oven
drying at 70°C for 24 h and the grain yield was calculated for a standard moisture content of 14%. Straw and grain yield,
total dry matter (TDM) and harvest index-HI were calculated using the following formulae:
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GY (tha —1) = (Grain dry weight (kg)/ 8 (m2)) x (10000/1000) x ((100 — H)/ 86) [1]
SY (tha —1) = (Straw weight (kg)/8(m2)) x (10000/1000) 2]
TDM (tha—1) = GY + SY 3]

HI (%) = (GY/TDM) x 100 [4]

The moisture content was determined using the following formula:
H (%) = ((Freshweight — dry weight)/Fresh weight) x 100 [5]

2.7. Statistical analysis of data

The data obtained were entered into Excel for statistical analysis. Data on height, number of tillers, grain yield, straw
yield, total dry matter and harvest index were subjected to analysis of variance (ANOVA) and response curves were
constructed to determine the optimum doses of N and K that gave the best yields. SAS version 10 software was used to
analyse the data and means were compared using ppds at o = 0.05 and 0.1 thresholds.

3. Results and discussion

3.1. Morpho-pedological characteristics of the soil

In the hydromorphic zone, two horizons with irregular boundaries were observed and described in the profile of the
soil pit (Figure 3) studied. A surface horizon A1 0 - 20 cm deep, dark in colour (2.5Y 2.5/1), sandy with the presence of
organic matter and containing a few subhorizontally oriented roots was observed. An Ag horizon 20 - 30 cm deep,
essentially sandy and greyish in colour (5YR 3/1) was also observed. This horizon has a loose particulate structure. The
perched water table appears from a depth of 30 cm. The type of soil described in the hydromorphic zone is a Stagnic
Arenosol. In the lowland zone itself, the soil core (Figure 4) shows three distinct horizons. An O horizon, 0 - 13 cm deep,
has a high organic matter content, high moisture content and a silty clay texture. The general colour of this horizon is
dark brown (7.5 YR 3/2). The second horizon is a histic horizon 13 - 34 cm deep and blackish in colour (7.5 YR 4/6).
This horizon contains decomposed and undifferentiated organic matter. Horizon three is a blackish peaty horizon (7.5
YR 3/3) and is essentially organic. The abundant organic matter is decomposed and differentiated. The lowland soil
itself is a histosol vertic.

Horizome — —

Hosizomn H

Honzon Al

Figure 3 Arenosol Stagnic Figure 4 Histosol Vertic
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3.2. Physico-chemical characteristics of the soil in the 0-20 cm horizon

Table 1 The physico-chemical characteristics of the soil in the 0-20 cm horizon at the experimental site.

Physical characteristics
Clay (%) -

Silt (%) -
Sand (%) -
Chemical properties

pH (water) 4.72
C (gkg!) 45.39
OM (gkg1) 78.25
N (gkg?) 2.18
C/N 20.79
Zn (ppm) 0.35
Fe (ppm) 0.71
K* (cmolkg1) 0.42
Ca?* (cmolkg™) 0.03
Mg?* (cmolkg1) 1.47
Al (cmolkg1) 0.06
Redox potential (mV) | 133.9
P (ppm) 0.65

---: not available; OM: Organic mater

Table 1 shows that the soil does not contain clay, silt or sand. Observation shows that it consists entirely of organic
matter. The soil has a very high content of organic matter (78%) and organic carbon (45.39%) and a relatively low
cation exchange capacity (CEC) (3.42 cmol kg-1). The results of the chemical analysis also show that this soil is very low
in nitrogen, as indicated by the N content (2.18%). The C/N ratio (20.79%) and the redox potential (133.9 mV) are high.
Iron, potassium, zinc, calcium, aluminium and phosphorus are low.

3.3. Morpho-pedological and chemical characteristics of the lowlands.

The morpho-pedological characterisation of the lowland reveals a peaty histosol. Histosols are soils composed of
organic matter and large quantities of water, leading to the formation of peat bogs, which represent the organic matter
accumulation layer. Physico-chemical analyses show a high organic matter content, estimated at 78.25%. Organic
matter is one of the key factors in improving soil fertility and crop yields by acting as a cohesive layer and storing water
(Hubert and Schaub, 2011) [21]. The organic carbon content is also high (45.39%), with a C/N ratio of 21.11. A C/N ratio
greater than 12 indicates slow decomposition of organic matter. This low activity of mineralisation of organic matter
could be related to the acidity of the soil, pH = 4.73. This acid soil is also deficient in calcium, magnesium and potassium
in relation to normative values. According to the work of Sahrawat et al (1995) [22], acid soils are often deficient in
calcium and magnesium. According to Konan (2013) [10], in lowland rice fields, the mineralisation of organic matter is
reduced at a slower rate than its accumulation. Despite the high organic matter content, there is a low rate of cation
exchange capacity CEC<10 cmolkg-1. This low CEC content would explain the low content of exchangeable bases
observed in the lowland soil. This may be due to the strong relationship between organic carbon and CEC (Brady and
Weil, 2002) [23]. According to Vidal et al (1996) [24], the accumulation of high C/N organic matter is a sign of more or
less complete blockage of biological life, often resulting in low mineral content in lowland soils. Thus, the low level of
CEC in lowland soils is not without consequences for the mineral nutrition of irrigated rice, which could experience
toxicity problems, especially iron toxicity, which according to Zro-bi et al. (2012) [25] is very characteristic of
hydromorphic soils and lowlands in humid tropical regions.
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3.4. Characterisation of treatments on agromorphological parameters

3.4.1. Effect of treatments on average height and average number of tillers

Table 2 The average height and average number of tillers according to the treatments

Treatments | Average height (cm) | Number of tillers (m-2)
T1 118,85a 11.12a

T2 122,13a 11.42a

T3 122,12a 15.30a

T4 112,71a 17.55a

Indicator 107,98a 10.29a

CV (%) 21,40 44.12

GM 116,75 13.14

P>F 0,67 0.04

GM: general mean CV: Coefficient of variation P: Probability. Means in a column followed by the same letter are not statistically different using the
Newmann-Keuls test at the 5% threshold.

Analysis of Table 2 shows that the treatments did not have a significant effect on the average height of the rice, but they
did have a very significant effect on the number of tillers. The highest average number of tillers was observed in
treatments T4 and T3. The lowest number of tillers was observed in the control, T1 and T2 treatments.

3.5. Effect of treatments on average rice height according to cropping cycles

Table 3 The effect of treatments on the average height of rice according to cropping cycles

Growing cycle | Rice height (cm)

T1 T2 T3 T4 Indicator | CV% | GM P>F
Cycle 1 93.84a |98.73a | 97.10a |87.12a | 84.70a 12.11 | 9230 | 0.49
Cycle 2 117.39a | 120.82a | 127.80a | 103.45a | 107.78a | 8.49 | 115.45 | 0.07
Cycle 3 145.31a | 146.84a | 141.45a | 147.56a | 131.44a | 12.28 | 142.52 | 0.78

GM: general mean CV: Coefficient of variation P: Probability. Means in a column followed by the same letter are not statistically different using the
Newmann-Keuls test at the 5% threshold.

Analysis of Table 3 shows that the treatments had no significant effect on the height of the rice, regardless of the crop
cycle. However, the highest overall average heights were observed with treatments T2 and T3 for cycles 1 and 2; T4, T2
and T1 respectively in the third cycle. In general, rice height increased from the first to the third cycle.

3.6. Effect of treatments on the number of rice tillers in different cropping cycles

Table 4 The total number of rice tillers by crop cycle

Number of tillers

Growing cycle | T1 T2 T3 T4 Indicator | CV (%) | GM P>F
Cycle 1 12.35a | 10.09a | 14.91a | 13.75a | 7.71a 32.17 11.76 | 0.21
Cycle 2 8.86a | 11.41a | 15.83a | 17.38a | 12.50a 42.73 13.19 | 0.40
Cycle 3 12.16a | 12.77a | 15.17a | 21.52a | 10.66a 58.79 14.46 | 0.57

GM: general mean CV: Coefficient of variation P: Probability. Means in a column followed by the same letter are not statistically different using the
Newmann-Keuls test at the 5% threshold.
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Tillers in any crop cycle. However, the number of tillers was higher in the second and third cycles in treatments T4 and
T3. The trend increased from the first to the third cycle.

3.7. Effect of treatments on rice grain and straw yields

Table 5 The effect of treatments on rice grain and straw yields

Traitments | RGY (tha'1) | RSY (tha1)
T1 1.23ab 4.34a

T2 1.30a 4.22a

T3 0.93b 4.51a

T4 1.08ab 4.99a
Indicator 1.04ab 4.30a

CV (%) 28.53 18.73

GM 1.11 447

P>F 0.13 0.99

GM: general mean CV: Coefficient of variation P: Probability. Means in a column followed by the same letter are not statistically different using the
Newmann-Keuls test at the 10% threshold

Analysis of Table 5 shows that the treatments had not significant effect on grain yield at the 10% threshold, in contrast
to straw yield. The highest grain yield that was statistically different from the others was 1.30 t/ha, which occurred with
treatment T2. This yield was followed by the yields of treatments T1, T4 and the control, which were not statistically
different from each other.

3.8. Effect of treatments on harvest indices and total rice dry matter

Table 6 The effect of the treatments on the harvest index and the total dry matter of the rice

Traitments | HI (%) | TDM (t/ha)
T1 22.38ab | 5.58a

T2 24.31a | 5.52a

T3 17.46b | 5.45a

T4 18.84b | 6.07a
Indicator 20.16ab | 5.34a

CV (%) 26.86 15.91

GM 20.63 5.59

P>F 0.08 0.47

GM: general mean CV: Coefficient of variation P: Probability. Means in a column followed by the same letter are not statistically different using the
Newmann-Keuls test at the 10% threshold.

Analysis of the effect of treatments on harvest index and total dry matter shows that there was a very significant
difference between treatments on harvest index. However, no effect was observed on total dry matter. The best harvest
indices were obtained with treatments T2 and T1 respectively and are statistically different. Treatment T4 gave a total
dry matter higher than the overall average.
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3.9. Effect of treatments on rice harvest index according to cropping cycles

Table 7 The effect of treatments on rice harvest index (HI) by crop cycle

Indice de récolte (%)

Crop cycles | T1 T2 T3 T4 Indicator | CV (%) | GM P>F
Cycle 1 28.77a | 24.02a | 20.61a | 23.47a | 21.25a 33.57 23.62 | 0.74
Cycle 2 19.80b | 29.06a | 17.74b | 20.86b | 23.69ab | 17.80 | 22.23 | 0.04
Cycle 3 18.57a | 19.85a | 14.03a | 12.20a | 15.54a 26.27 | 16.04 | 0.22

GM: general mean CV: Coefficient of variation P: Probability. Means in a column followed by the same letter are not statistically different using the
Newmann-Keuls test at the 5% threshold.

Analysis of the table shows that the treatments had a significant effect in cycle 2, in contrast to cycles 1 and 3. The best
harvest indices were obtained with treatments T2 in cycle 2 and T1 and T2 in cycle 1. Overall, the best harvest indices
were obtained in the first two crop cycles. Treatments T1 and T2 gave a harvest index higher than the overall average
for cycles 1 and 3. For cycle 2, treatments T2 and control gave an average above the overall average.

4. Analysis of N, P and K doses on rice grain yield

4.1. Interactive effects of N and K doses on rice grain yield

The figure 5 shows that there is an increasing effect of potassium dose between 80 and 150 kg ha-1, with almost no
effect for doses below 80 kg N ha-1 when the nitrogen dose is below 80 kg/ha. On the other hand, grain yield increased
with the interactive effect of N and K up to 105 kg N/ha, which corresponds to the optimum nitrogen dose for rice grain
yield, irrespective of potassium doses above 80 kg K ha-1. The optimum yield is about 3.10 t ha-! for the dose of 105 kg
N/haand 75 kg K

Figure 5 Rice grain yield response curve to nitrogen (N) and potassium (K) doses for the three cycles combined

4.2. Interactive effects of N and K doses on rice grain yield

Figure 6 shows the interactive effects of N and K doses on rice grain yield for all three cropping cycles. There was also
an increasing effect of potassium dose between 80 and 150 kg ha-1, with almost no effect for doses below 80 kg K ha-1
when the nitrogen dose was below 80 kg ha-1. On the other hand, the harvest index increases with the interactive effect
of N and K up to 105 kg N ha1, which corresponds to the optimum nitrogen dose for the rice harvest index, irrespective
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of the potassium doses above 80 kg K hal. The optimum harvest index is around 43 for a dose of 105 kg N ha-1 and 75
kg Khal.

Figure 6 Response curve for rice yield index as a function of nitrogen (N) and potassium (K) for the three cycles
combined

4.3. Effect of increasing doses of N and K on grain yield and harvest index

The results show that grain yield and harvest index were highly significant depending on the treatment. However, an
increase in grain yield (RDG) and harvest index (IR) was observed for treatments T1 and T2. Treatments T1 (100
kgN+14kg P +50 kg K) and T2 (120 kg N+14kg P+ 50 kg K) had the highest RDG and IR. The control had the lowest RDG,
while T3 had the lowest IR, even though the potassium dose in the control was the same as in T1. This variability in RDG
and IR is thought to be due to the dose of nitrogen fertiliser applied as a supplement. In fact, several studies (Belaid,
1987; Hafsi, 1990; Halilat, 1993 and Aissa and Mhiri, 2001) [26] [27] [28] [29] have shown that there is a synergy
between the different nutrients N, P and K. Mineral nutrition of plants requires a balance between nutrients (Halilat,
1993) [28]. Good rice nutrition can only be achieved by balancing the different mineral elements in the soil (Filsch et
al., 2007) [30]. Treatments T3 and T4 gave low grain yields despite the high dose of potassium fertiliser applied. This
could be due to nutrient leaching. The decrease in RDG observed with the highest doses of mineral fertiliser shows that
the grain filling phase is a critical stage in yield development and would have been disrupted (Lacharme, 2001; Akintayo
et al,, 2008) [31] [32]. The high dose of potassium improves biomass rather than grain yield. In fact, the addition of
nitrogen increases the plant's need for K and consequently the level of this element in the plant (Halilat, 1993; Loué,
1970) [28] [33]. The optimum dose is 105 kg N hat and 75 kg K haL. Fertiliser efficiency varies according to region,
country, farmer and soil type (Prudencio, 1993 and Pypers, 2010; Sanginga et Woomer, 2009) [34] [35] [36].

5. Conclusion

The results obtained in this study show that histosols are organic, acidic soils with slow mineralisation of organic matter
and high immobilisation of trace elements for plant nutrition. The treatments had no significant effect on the vegetative
development of the rice and grain yield, but had a very significant effect on the harvest index at T1 (N2PK1) and T2
(N3PK1). In order to consolidate what has been learnt and to deepen our knowledge of the best fertilisation practices
for improving the harvest index of rice, further studies should be considered, such as increasing the harvest index by
increasing the dose of K.
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