



Original Research Article

Constraints in irrigated lowland rice cultivation as affected by the harmattan in Guinean savanna zone of central Côte d'Ivoire.
ABSTRACT
The harmattan is characterised by a low temperature associated with dusty wind during the two third of the dry season in the bimodal rainfall area in Guinea savanna of West Africa. This particular climate affects adversly the rice production even in irrigable lowland perimeters allowing only one cycle of rice production instead of two or three. To improve rice production under this agro-climate, there is a need of constraint diagnostics. Two agronomics trials were conducted in irrigable valley of M’bé II in a Guinea savanna zone of Centre Côte d’Ivoire. The first study was an omission trial (Fc-N, Fc-P, Fc-K, Fc-Ca, Fc-Mg and Fc-Zn) with a complete fertilizer (Fc) composed of 30 kg N ha-1, 60 kg P ha-1, 50 kg K ha-1, 50 kg Ca ha-1, 50 kg Mg ha-1 and 10 kg Zn ha-1. No fertilizer treatment was the control. All the treatments were composed of NPK applied at the same rates and Ca (0, 50, 100 and 150 kg ha-1), Mg (0, 50, 100 and 150 kg ha-1) as well as Zn (0, 10, 20 and 30 kg ha-1) were added in respective treatments. Applying N, K and Mg can increase irrigated rice yield in harmattan period. Further improvement can be observed by combining 90 kg Ca ha-1 to NPK.
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1. INTRODUCTION

Lowland irrigated rice (Oryza sativa L.) has highest yielding potential up to 6-8 tha-1 for each of the two or three cropping cycles per year. However, the occurrence of harmattan characterized by a low temperature and dusty wind during 2/3 period of the dry season (Ferguson, 1985) in Guinea savanna zone of West Africa, is likely to reduce rice production. The rice grain yield recorded is less than 1tha-1 even for improved cultivar in irrigable perimeters.  We assumed a depletion of rice mineral nutrition during this period as main constraint to rice production. Therefore, two experiments including an omission trial and rice response to exchangeable cations (Ca, Mg and Zn) combined with NPK were conducted in the dry season of 2011 to identify soil deficient-nutrients and cations that can enhance rice physiological functions for greater grain yield production under harmattan condition.

2. MATERIALS AND METHOD 
2.1. Site description

The experiments were conducted in the valley of M’Be II (8º06N, 6º00 W, 180 m) located in the Centre of Côte d’Ivoire, a Guinea savanna zone with bimodal rainfall pattern. The soil was a fluvisols of secondary hydrographic network. The site was irrigable along the year and the experiment site was a ten-year-old fallow mainly composed of Leersia hexandra (poaceaes).
2.2. Experiment layout

The omission trial was composed of a complete fertilizer-Fc (30 kg N ha-1 –[CO(NH 2)2, 46% N]; 60 kg P ha-1-[Ca(H2PO4)2•H2O , 18–22% P]; 50 kg K ha-1-[KCl ; 50% K]; 50 kg Ca ha-1 [CaCO3 ; 40% Ca]; 50 kg Mg ha-1-[MgSO4.H2O, 17% Mg] and 10 kg Zn ha-1-[ZnSO4H2O, 36 % Zn]) from which a specific nutrient was excluded for respective treatment (Fc-N, Fc-P, Fc-K, Fc-Ca, Fc-Mg and Fc-Zn). No fertilizer treatment (F0) was the control. The same natures and rates of NPK were combined with 50 kg Ca and Mg ha-1(Ca2+ and Mg2+), 100 kg Ca and Mg ha-1(Ca2+ and Mg2) and 150 kg ha-1 of Ca and Mg (Ca2+ and Mg2+). Furthermore, 10 kg Zn ha-1(Zn2+), 20 kg Zn ha-1 (Zn2+) and 30 kg Zn ha-1(Zn2+) were combined with NPK. The fertilizers were applied as basal before transplanting (20 cm × 20 cm) the rice variety NERICA L19 in a randomized complete blocks design. The plots (5m × 3m) were irrigated once per month and hand weeding was done twice at rice tillering and top-dressing stages before applying additional N-fertilizer at 25 kg ha-1 each time. 

2.3. Data collection and processing

Before starting the experiment, soil was sampled at the four corners and the centre of the site in 0 – 20 cm depth using hand augur. A composite soil was taken sample for laboratory analysis: electrode method was used for pHwater (1:1.25) determination and oxidation method for organic-C. Nitrogen content and available-P contents were determined by Kjeldahl and Olsen methods respectively while acetate ammonium method was applied for exchangeable cation extraction before using atomic absorption spectrometry for reading Ca, Mg and ECC in soil. Flame spectrometry was used for reading soil-K content. Submersion occurrence was recorded as zero-0 and one-1 for its absence and occurrence respectively. At rice maturity, the numbers of deeded plants and tiller per square meter was counted in the omission trial. Each treatment in both trials was harvested in 8 m2 leaving two border lines. Rice grain yield was calculated at standard moisture content of 14%. Samples of grain and straw were analyzed for determination of nitrogen concentration.  

2.4. Statistical analysis

Pearson correlation analysis was done to show the relation between the occurrence of submersion, tillers damages, plant dead ratio and rice grain yield as recorded in omission trial. Analyze of variance was processed for grain yield and plant tissues nutrient concentration according to the treatments in each trial. Analyze of Response Curve was done to determined optimum dose of Ca as the most significant cation in rice nutrition during the second trial. Mean values were separated by least significant difference for α = 0.05 using the package of SAS. 10.
3. RESULTS AND DISCUSSION
3.1. Results
3.1.1. Soil chemical content of the study area in 0 – 20 cm depth.
Table 1: Soil chemical characteristics in 0 – 20 cm depth.

	Parameters
	Values

	pHwater
	5.5

	Organic-C (gkg-1)
	3.12

	Total-N (gkg-1)
	0.31

	Available-P (mgkg-1)-Olsen
	150

	K (cmolkg-1)
	0.08

	Ca (cmolkg-1)
	3.05

	Mg (cmolkg-1)
	2.26

	CEC (cmolkg-1)
	20.2


Soil contents of N and K are lower than their respective critical levels.
3.1.2. Grain yield obtained according to the treatments

The grain yield was significantly decreasing from treatment Fc-Zn to the control treatment F0.[image: image1.jpg]~
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Figure 1: Rice grain yield mean value per treatment in omission trial.

The lowest grain yields were observed for treatments Fc-N, Fc-K and Fc-Mg closely the control treatment.
3.1.3. Study of factors affecting rice grain yield and nitrogen concentration in rice grain and straw according to the treatments
Significant and negative correlation is observed between the occurrence of submersion and the rice grain yield as well as between this parameter and the dead ratio of rice plant.

Table 2: Pearson correlation coefficient and probability
	Parameters
	Coefficients of correlation-R
	Probability

	Dead ratio × Grain yield
	-0.546
	0.0012

	Submersion × Grain yield
	-0.382
	0.031

	Grain yield × Tiller damages
	-0.018
	0.921

	Submersion × Tiller damages
	0.363
	0.041
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Figure 2: Nitrogen concentration in rice grain and straw according to the treatments.

Highest ratio of N-uptake is observed in the straw of rice in the treatment Fc-Mg.
3.1.4. Rice grain yield according to treatments in the second trial
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Figure 3: Rice grain yield according to treatments in the second trial.

A significant highest grain yield was also observed in treatment NPK combined with 100kg Caha-1 (NPKCa2).
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Figure 4: Rice response curve to Calcium rates.

The optimum rate of Ca was determined at 90 kg ha-1. At the particular rate of Ca, we also observe the optimum concentration of N- in the grain. 
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Figure 5: The regression of grain yield and N-concentration in the grain. 

3.2. DISCUSSION

The lowest grain yields observed in treatments Fc-N and Fc-K are justified by the soil inherent N and K contents that are low than their critical level respectively. But the low yield in Fc-Mg is contrasting with the high soil Mg content. However, the highest ratio of N-uptake in the straw as observed in Fc-Mg attests low translocation of N as a consequence of synergism depletion in rice nutrition of N and Mg (Ding et al., 2006). This analysis indicates the existence of a strong interaction between nitrogen nutrition and that of magnesium, in rice farming, in the studied ecosystem. This interaction is due to a synergy between Mg and N for rice nutrition (Lin et al., 2014; Urmi et al., 2022). Consequently, the physiological depreciation of one will have to affect the other. There is therefore an inhibition of synergism between N and Mg, hindering the grain yield in Fc-Mg. This may also be due to the antagonistic effect of K on the absorption of Mg (Epstein, 1972). Although this has a secondary role in the depreciation of grain yield in Fc-Mg, it may reduce the role of carbohydrate synthesis and the transport of assimilates, devolved to Mg (Mengel and Kirkby, 1982). Moreover, the effect of submersion and plant death had negatively affected rice grain yield as consequence of poor land management. It should be noted that the minimum and maximum temperatures varied between 20-21 °C and 33-34 ° C, respectively, during the experiment. However, according to FAO (2003b), the temperature ranges for good tillering and good grain filling are respectively 25-31 ° C and 20-25 ° C. Lin et al. (2014) has shown that low temperatures denature and decompose chloroplasts, leading to the release of many ferments by which certain enzymatic processes, which occur in plastids, begin to occur directly in protoplasm. Adverse effects of low temperatures include blockage of growth processes, reduced height, delayed emergence, slow vegetative vigor, foliar discoloration, delayed flowering, high sterility spikelet, irregular maturation and incomplete panicle heading. This drop in temperature would lead the plant to develop adaptation processes (Fujii et al., 2004) to the detriment of reproduction, as revealed by the work of Koné et al. (2008) and Akhila et al. (2018). This would help to significantly reduce yields. Although, no effect of Ca (50 kgha-1) was observed in the omission trial, the application of 100 kg Ca ha-1 in the second trial has increase rice grain yield. It is therefore deduced that this is not a direct effect of this nutrient on rice, but, probably, an indirect effect by interaction with other nutrients, especially with nitrogen, which would be the the most important nutrient in this area (Diatta and Koné 2001, Becker and Bognonkpé, 2009; Konan, 2013). This was due to a synergic effect of Ca with N in rice mineral nutrition (Saijo et al., 2001). Surely calcium plays a plastic role of extreme importance, by solubilizing peptide acids to form pectocellulosic cell walls. The need for calcium is also recognized for the functioning of a growing number of enzymes, including some ATPases required for the active transport of NO3-. It is undoubtedly in this respect that it intervenes on the intensity, but also the respiratory capacity, being necessary for the correct formation of the mitochondria (Lamrani, 2010). Our finding reveals an optimum level of this synergism at 90 kgCaha-1 for high grain yielding during the period of harmattan.
4. CONCLUSION 

The incidence of harmattan was manifested by the adverse effects of low temperatures on reproductive organs and physiological responses. Specifically, it highlights the effects of certain constraints, usually neglected in irrigable lowlands, such as submergence and dissatisfaction with the need for water, which must now be limiting factors, as well as the mineral deficiency and harmattan. Finally, the deficiencies in N and K were revealed for irrigated rice cultivation, with an antagonistic effect of the limit of nutrition in Mg on that of N, imposing in fact, this nutrient in the composition of the basic manure. Nitrogen and K are required for high grain yield production for lowland rice. Further improvement can be observed by combining Mg and Ca with the required nutrients. However, fertilizer effects can be negatively affected by poor land management that can induce submersion. Therefore, applying 80 kgNha-1, 50 kgKha-1, 90 kgCaha-1 and 50 kgMgha-1 was recommended for mitigating harmattan effect in irrigated rice production.  However, improving land management is necessary. 
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