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Abstract: Rice is a staple food in Sub-Saharan Africa characterized by limited production. While ratooning potential of rice is not
practiced. Thus, trials have been carried out in savanna zone ofCote d’Ivoire humid forest to evaluate mineral N, P, K, Ca, Mg and Zn
nutrition effects on ratoon rice (Oryza sp.) Nerica 5 variety growth parameters and grains yields under upland rainfield conditions.
Theday after main crop harvest previously fertilized with NPK (10-18-18) at sowing and N (46 %) at tillering and panicle initiation
stages, seven treatments have been applied in a complete randomized bloc with four replications.60 kg Nitrogen, 33 kg TSP, 90 kg KCl,
21 kg CaCOs, 9 kg MgSO,, 10 kg ZnSOyper ha and 0 fertilizer as control were applied as basal dose. Fertilizers applied effects on
ratoon were significant at 5 %. Tillers number were increased by Ca (207 Nbm) and N (214 Nbm) who increased panicles number
(163-165 Nbm™).50 % flowering period were reduced by minerals tested while only Ca allowed highest grains yield (1, 4-1, 5 tha™) and
agronomic efficiency (68, 77-74, 83 kg paddy / kg fertilizer) as Zn efficiency. Ca fertilizer application is recommended.
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1. Introduction

In field, success of ratoon rice rainfed cultivation depends on
number of factors including cutting height, fertilization,
protection of the plants against weeds, main crop age at
maturity, light, temperature of growing medium and
ratooning potential of the variety [1]. Studies on the varietal
potential for vegetative reproduction showed that NERICA
ratoon have good reproductive potential without fertilization
and cutting heights of 10 cm [2]. On the other hand, it has
been proven that with cutting heights of 15 to 25 cm, yields
of 1 to 2 tha™ could be obtained in the absence of fertilizer
with interspecific varieties [3]. Finally, it is noted that the
height required for cutting the main crop depends on the
cultivar [4]. Basal fertilization immediately after the main
crop harvest significantly improves ratoon grains yield [5-6-
]. Plant age corresponding to 80 or 100% of harvest maturity
and characterized by greenish culms, favors ratoon rice high
grain yield [7]. Ratooning capacity is certainly a
characteristic of Poaceae such as rice [2] and sugar cane [8].
But it is also observed in many other families, including the
Solanaceae, Caricaceae and Bromeliaceae [9-10-11].
According to [12], in rice, varieties with a long cycle (140 to
150 days) have a greater ratooning capacity than those with
a shorter (100 to 110 days) or medium (120 to 135 days)
cycle. However, [13] indicated that short cycle rice varieties,
with long seeds, have a good ability to ensure vegetative
restarts for better ratooning. In temperate regions, low
temperatures of 20°C reduce the number of tillers and
panicles while high temperatures of 30°C increase them
[14].

Surly, in Cote d'lvoire, no scientific study on upland rainfed
rice ratooning has yet to be initiated. But, in rural areas, its
exploitation is often left to the most disadvantaged social
strata. Because low yields are very discouraging. As this
opportunity to increase production by integrating the rice
ratoon culture has not yet been the subject of scientific work,
this study was carried out to: (i) determine mineral nutrition
efficiency on growth potentialities, (ii) evaluate the effect of
fertilizers on upland ratoon rice (Oryza sp) variety Nerica
Syields under rainfed conditions, (iii) determine minerals
agronomic efficiencies.

2. Materiel and methods

2.1. Experimental its floristic

characteristic

site description and

Agronomic trials were carried out for two years, 2012 and
2013 on upland soil slightly inclined (0-2%) in Dabou
(5°19'29.25" N 4°22'16.61" W) at an altitude of 54 m above
sea level. Vegetation of five years fallow composed of six
families (Amaranthaceae, Asteraceae, Convolvulaceae,
Cyperaceae, Plantaginaceae and Poaceae) and fourteen
species. The most abundant were Gomphrena celosoides
(Amaranthaceae) and Loudetia arundinacea (Poaceae).

2.2. Rice variety

The rice variety used was NERICA 5. NERICA varieties are
interspecific hybrid progenies between the two cultivated
Oryza species, O. glaberrima and O. sativa [15]. The
agronomic performance of this variety, characterized by an

Volume 11 Issue 9, September 2022

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR22820174835

DOI: 10.21275/SR22820174835 333



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

average flowering period of 63 days after germination, a
cycle length and an average grain yield of 90 to 100 days
and 4 tha™respectively [16], have argued in favor of its use.
Indeed, a bimodal rainfall regime, the rainy season has an
average duration of 90 days. Thus, the cultivation of this
variety ratoon can coincide with the short rainy season.

2.3. Fertilizers

During the main crop, NPK (10% N, 18% P, 18% K) was
applied as basal dressing, while urea 46% was used as cover
dressing. N (Urea; 46% N), P (TSP, 18-22% P), K (KClI,
50% K), Ca (CaCO3; 40% Ca), Mg (MgSO4. H20; 17%
Mg) and Zn (ZnSO4H20; 36% Zn) were applied to the
culms of the main crop plants.

2.4. Experiment site description

On farm agronomic trial was conducted in 2012 and 2013 at
Dabou (05°21°48°°N; 04°22°51”°W; 80 m asl) a locality in
South Cote d’Ivoire about 27 Km from Abidjan. It is a
humid forest zone including endemic savannabiotype [17]
and characterized by bimodal rainfall pattern with about
1200 mm as annual average rainfall amount. Two rainy
seasons are altering with two dry seasons as shorter and
longer periods of seasons respectively. Sub-equatorial
climate is prevailing with average annual temperature of
about 26°C [17-18]. Hyperdystric Ferralsol is the major
pedological trait of the area including Arenosol in places
[26] but Fluvisols are dominant in the lowland ecology.

2.5. Landscaping and weeding

Experiment was laid out in a plot of 40 m and 19 m in
dimension. Chemical fertilizer was applied at 0, 5 | of
glyphosate in acid equivalent form (360 g/l) by spraying at
total weed control. Three weeks later, vegetation was cleared
manually and vegetable debris burned off the trial site.

2.6. Sowing and fertilizing treatments

Four blocks spaced by 1 m was carried out using 38 m x 3 m
respectively for seven microplots of 5 m x 3 m spaced by 0,
5 m. Each year, in the rainy season, rice seeds were sown in
rows directly at a rate of 3 to 4 grains per equidistant pocket
of 20 cm [19] and at 2 to 4 cm depth. Thus, in 2012,
considering rains delay, sowing was carried out in July. But
in 2013, they were fulfilled on May. In each microplot, 200
kgha™ of NPK (10-18-18) were applied as basal. At tillering
and heading, an input of 35 kgha™ of N in the form of urea
(46%) was also made each time.

After the harvest, a second growing was observed as ratoon.
Additional fertilizers were applied as six fertilizer treatments
including 60 kgha™ urea, 33 kgha™ TSP, 90 kgha™ KClI, 21
kgha® CaCOs; 9 kgha’ MgSO.,and 10 kgha'! ZnSO,
according to the recommendations of [20-19]in the main
crop to supply stubble respectively N, P, K, Ca, Mg and Zn.

2.7. Data collection
2.7.1. Data of soil analysis

Before the experiment, in 2012, the soil was sampled in 0-20
cm depth of each micro plot using an augur. The samples

were sun-dried, broken and sieved (2mm) [21] before
laboratory analyses. Soil pH (Water and KCI) were
determined by the glass electrode method. Its contents in
Carbon and organic matter [22-23], exchangeable bases (K,
Ca and Mg) [24], total N and CEC [25] and P assimilable
[26] were determined. Furthermore, Fe, Cu and Zn contents
[23], particles of coarse sands, fine sands, silts and clays
[27] and soil texture [28] were determined.

2.7.2. Agromorphological data

In 2012 and 2013, numbers of tillers and panicles, 50%
flowering period and the length of the cycle production were
evaluated in a square meter of observation comprising 36
plants. At maturity, grain yields [1], fertilizers applied to
ratoon agronomic efficiencies [2] and total grain yields
considering the production of the main crop [3] were
determined on an area of 8 m? after excluding the two rows
border.

GY (tha) = [MDG/HA] * [10000/1000]* [RH/100-SHR]
[1]

MDG: mass of dried full grains in kg, HA: harvest area (8
m?), RH: relative humidity, SHR: standard relative humidity
(14%).

AEX (kg paddy / kg fertilizer applied) = (GYx-GYTe) /
Dose of fertilizer applied [2]

AEXx: agronomic efficiency of nutrient x, GYx: grain yield
linked to the application of nutrient x, GYTe: grain yield of
the unfertilized control.

TGY (tha™) = GYyc + GYR [3]

GYwmc: main crop grain yield, GYg: ratoon grain yield

2.9. Statistical analysis

Average data values for tillers and panicles humbers, 50%
flowering period, grain yields, agronomic efficiencies, rice
production cycle length and total grain yields were generated
and separated into homogeneous groups based on an
analysis of variance using FISHER's least significant
difference test at the o threshold of 0, 05 by SAS for
Windows version 9.1.

3. Results

3.1. Granulometric and chemical characteristics of the
soil

Grain size and chemical characteristics of upland soil
determined in 2012 as well as the optimum values have been
recorded in Tablel. The pHyger (6, 35) at 0-20 cm depth
was lower than the optimum values. For pHg, its value was
6, 11. The difference between pHyyser and pHyc was 0, 24.
The carbon (5, 78), total nitrogen (1, 04), organic matter (9,
96 g. kg') contents were low. This soil used was also
particularly poor in assimilable P, K, Mg, Ca, and very rich
in trace elements such as Zn, Feand Cu compared to the
threshold values. They were respectively 0, 3to 0, 4 cmol. I
1 0.5t04 cmol. I, 4 cmol. I, 0, 3 t0 0.4 g. kg™, 19 to 45
ppm, 0, 4 to 1, 8 ppm and 0, 5 to 2, 0 ppm. Relative to
chemical balances, Ca/Mg (16, 28) and Mg/K (0, 87) ratios
were respectively greater than 10 and less than 2. Ca/K ratio
was included in the interval Standards. K/CEC and K/Ca +
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Mg ratios were less than 2. Saturation coefficient of
adsorbent complex of 20, 73% was low compared to the
optimal values. The percentages of coarse (62, 2%) and fine
(37, 3%) sands were very high compared to those of silts (0,
4%) and clays (0, 1%).

3.2. Agromorphological parameters of Nerica 5 rice
cropping sequences

Tables 2 and 3 show the average numbers of tillers, panicles,
duration of 50% flowering periods and rice production

cycle. The differences between the means were significant
(p < 0.05) to very highly significant (p < 0, 0001) excluding
the panicle number values in 2013. Overall, ratoon rice
produced fewer tillers, panicles than the plants in the main
crop. They flower earlier (15 days) and develop their
production cycle more briefly (52 days). Excluding all the
other parameters evaluated, annual averages for 2012
indicate that the numbers of panicles of the main crop plants
(180 panicles/m?) were greater than those of ratoon (139
panicles/m?). But in 2013, these values of 152 and 128
panicles/m? respectively were equally significant.

Table 1: Granulometric and Chemical characters in the composite sample of 0-20 cm depths of upland soil in 2012

Characteristics Parameters Values | va valOptimum values
PHwater 6, 35 6,5<VO<7
PHkcl 6,11
N (gkg™d) 1,04 1, 26-2, 25
C (gkg?h) 5,78 10, 26-20, 5
C/N 5,55 11-15
MO (gkg™J) 9,96 20, 1-40, 2
K (cmol kg™ 0,16 0,1
Mg (cmol kg'll) 0,14 0, 5-4
. Ca (cmol kg™) 2,28 >4
Chemical CEC (cmol kg ) 12,44 1215
P ass (en ppm gkg™)) 0, 05 0,3-0,4
Zn (mg kg% 9,40 0,52,2
Fe (ppm) 142, 16 1-300
Cu (ppm) 12,40
Ca/ Mg 16, 28 2-10
Ca/K 14, 25 4-17
Mg /K 0, 87 2-4
K / CEC (%) 1 >2
K/ Ca+ Mg 0, 07 >2
SC (%): (K+Ca+Mg)/CEC | 20,73 60<TS<90
Coarse sand (%) 62, 2
Fine sand (%) 37,3
Granulometric Silt (%) 0,4
Clay (%) 0,1

Table 2Averages of tillers and panicles number as well as the durations of 50% flowering period and rice production cycle

Crop sequence | Tiller number (Nbm™) | Panicle number (Nbm) | 50% flowering period (days) | Production cycle (days)
Main crop 276a 166a 60a 105a

Ratoon 170b 133b 15b 52b

MG 223 149 38 78, 88

Lsdos 26, 78 19,21 1,21 3,33

P>F <0, 0001 0, 0012 <0, 0001 <0, 0001

MG: Grand mean; a and b in column are indicating mean values with significant difference respectively (Fischer test)

Table 3: Annual averages (2012 and 2013) of tillers and panicles number as well as 50% flowering duration and rice
production cycle

Crop sequence Tiller number Nbm | Panicle number Nbm | 50% flowering period (days) | Production cycle (days)
2012 2013 2012 2013 2012 2013 2012 2013
Main crop 321a 230a 180a 152a 63a 58a 115a 95a
Ratoon 172b 168b 139b 128a 12b 17b 60b 45b
MG 246 199 159 140 38, 80 38, 30 87, 50 70, 26
Lsdg 5 33,19 35,70 26, 62 27,60 1,14 1,09 1 1,07
P>F <0, 0001 | 0, 0009 0, 0034 0, 0875 <0, 0001 <0, 0001 <0, 0001 <0, 0001

MG: Grand mean; a and b in column are indicating mean values with significant difference respectively (Fischer test)

3.3 Effects of fertilizer treatments on ratoon rice
agromorphological parameters

For both years, the averages of fertilizer treatments effects
on growth parameters (Table 4) were significant at 5%
level, with the exception of production cycle length.

Regarding growth parameters, nitrogen effects on tillering
(200 Nbm™) and panicles initiation (164 Nbm™), were the
highest. This mineral, as well as P, K and Ca induced 50%
lower flowering periods (13 to 14 days). However, cycles
productions durations of fertilized and unfertilized ratoon
fluctuated between 52 and 54 days.
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By the annual averages (Table 5), fluctuations in the effects
of minerals on all the parameters studied were observed,
excluding ratoon production cycle length. In 2012, only Ca
favored a higher number of tillers (207 Nbm™), panicles
(176 Nbm™), associated with a lower flowering time (10
days). These values represented respectively 62, 53% (331
Nbm), 102, 92% (171 Nbm), and 16, 12% (62 days) of
those observed in the main crop. N and K also induced a
higher number of panicles (163 to 171 Nbm™) and a shortest
flowering period (10 to 11 days). On the other hand, during

the 2013 trials, only N effects on tillering (214 Nbm™) and
panicles production (165 Nbm™) were the most important
representing respectively 90, 67% (236Nbm™) and 120, 46%
(137 Nbm?®) of main crop production. Nitrogen also
generated a low flowering period duration (17 days) like P,
K, Ca, Mg and Zn. The cycle duration of ratoon production
induced by these fertilizers (45 days) were not significantly
different from that of the controls (48 days).

Table 4: Averages of tiller number, panicle number, 50 % flowering period and production cycle (2012, 2013) of rice ratoon

treated relative to the main crop

Fertilizer treatments | Tiller number (Nbm?) | Panicle number (Nbm?) | 50% flowering period (days) | Production cycle (days)
Te 146hc 109b 18a 54a
N 200a 164a 14b 52a
P 174b 137ab 14b 52a
K 184ab 153ab 14b 52a
Ca 183ab 148ab 13b 52a
Mg 165b 118ab 15ab 52a
Zn 138c 107b 15ab 52a
CV (%) 24,54 36,76 20, 45 15,12
Lsdg, o5 42,01 49, 52 3,10 8, 02
P>F 0, 0588 0, 1420 0, 1364 0, 8969

In the same column, values assigned different letters are significantly different (Fischer test).

Table 5: Annual averages (2012 and 2013) of ratoon rice growth parameters, grain yield rice and fertilizers agronomic
efficiency relative to the main crop

Fertilizer treatments | Tiller number (Nbm?) | Panicle number (Nbm?) | 50% flowering period (days) | Production cycle (days)
2012 2013 2012 2013 2012 2013 2012 2013
Te 169bc 123c 123b 90b 15a 20a 60a 48a
N 186ab 214a 163a 165a 11d 17b 60a 45a
P 176ab 171b 140ab 134ab 12c 17b 60a 45a
K 190ab 178ab 171a 134ab 10d 18b 60a 45a
Ca 207a 160bc 176a 120ab 10d 17b 60a 45a
Mg 153b 176ab 109bc 127ab 13b 17b 60a 45a
Zn 121c 163bc 90c 124ab 13b 17b 60a 45a
CV (%) 19, 20 23,51 18, 50 34, 27 5,77 4,73 0 6, 22
Lsdy o5 48, 58 58, 23 37,91 64, 52 1,05 1,24 0 4,16
P>F 0, 03 0,12 0, 0001 0, 43 <0, 0001 0, 0005 - 0,45
MC parameters 331 236 171 137 62 56 115 95

In the same column, values assigned different letters are
significantly different (Fischer test).

3.4 Fertilizer treatments effects ratoon rice grain yields
and minerals agronomic efficiencies

Considering the two years 2012 and 2013 trials, grain yields
average (1, 50 tha™) and agronomic efficiency (71, 8 kg of
paddy / kg of fertilizer) related to Ca application (Figure 1)
were significantly the largest, corresponding respectively to

35, 35 and 59, 71% of that of the main crop. According to
the annual means recorded in Table6, the differences were
highly significant (p < 0, 0001) at 5% level. Ca generated
higher grain yields in 2012 (1, 57 tha™) and 2013 (1, 44tha™)
associated with most important values of agronomic
efficiencies 74, 83 and 68, 77 kg of paddy / kg of fertilizer
respectively. However, Zn also generated such high
agronomic efficiencies (70, 95 kg paddy/kg fertilizer) only
in 2013.
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Figure 1: Ratoon rice grain yield (GY) and fertilizer agronomic efficiency (EA)

In histogram, bands with different letters are significantly
different (Fischer test). On the curve, vertical lines represent
error bars.

Table 6: Annual averages (2012 and 2013) of ratoon rice
grain yields and agronomic efficiencies of fertilizers

In the same column, values assigned different letters are
significantly different (Fischer test).

Total grain yields average values obtained and yield increase
percentage the two years are shown in Figure 2. For each
parameter, the differences between the values were

Fertilizer GY (tha}) AE (kg paddy/ kg fertilizer) significantly at 5% level. The total grain yields due to
treatments 2012 | 2013 2012 2013 calcium (6, 10 t) was the highest. It corresponded to an
Te 0,56c | 0,51e of Oe increase of 57, 56% compared to the main crop values.
N 0,72b | 0,92b 12, 03d 15, 33c
P 0,28d | 0,59d 8, 44de 18, 00c
K 0,29d | 0,72c 3, 18e 8, 08d
Ca 1,57a | 1,44a 74, 83a 68, 77a
Mg 0,28d | 0, 47e 31, 56 53, 15b
Zn 0,57c |0, 71cd 57, 05b 70, 95a
CV (%) 12,31 | 11,23 19, 29 14, 06
Lsdg o5 110, 57 | 127,08 7,58 6, 92
P>F <0, 0001 |<0, 0001 | <0, 0001 <0, 0001
MC parameters | 4,443 | 2,413 - -
m TGY — %5 ncreazse
I A 50
g
= 6 - =
E F 40 B
5 o B
= 5 4 - L}
[T =
o =
2 L2 B
= 2 E
(]
0 . r v 1]
Te N P K Ca Mg Zn
Fertilizer treatments

Figure 2: Total grain yield (TGY) and increase percentage according to the main culture production

In histogram, bands with different letters are significantly
different (Fischer test). On the curve, vertical lines represent
error bars.

4. Discussion

Analyzes of physical parameters indicated that soil horizon
0-20 c¢cm had a sandy-loam texture as observed by [29] in

another locality of Dabou. The importance of sandy fraction
(99, 5%) could be linked to the detrital nature of the original
soil material in the region occasioning high proportions of
coarse sands (62, 2%) and more irrigation water filtration
coupled to nutrient loss. The depth layers enriched in clay
could constitute a source of subsequent water nutrition in the
dry season. Moreover, the study of the chemical composition
of the soil top horizon further indicated that the soil was
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weakly acidic with a low cation exchangeable capacity with
reference to the difference in pH [30].

There is an also low content of nitrogen and phosphorus
according to the values indicated by many references [31-
32-33]. These chemical characteristics were relevant to the
sandy to sandy-loam textures as observed. In fact, soils with
a sand to sandy-loam textures are generally light and poor in
exchangeable cations. The acidity would justify the
deficiency of these soils in exchangeable cations and
phosphorus. Indeed, the H® protons, by occupying the
binding sites of the exchangeable cations on the clay-humus
complex, cause easiest leaching. These observations have
already been reported by subsequent works, including those
of [34]. The ratios of Ca/ Mg ratios > 10; 4 < Ca/K < 17 and
Mg/K < 2 are indicating that calcium has been in excess for
magnesium and potassium contents while magnesium has
deficiency relatively for potassium. In addition, the cation
saturation coefficient (20, 73%), K/ CEC <2 and K/ Ca +
Mg < 2 ratios were very low, leading to the conclusion that
potassium was deficient compared to the sum of calcium.
and magnesium [35] on a desaturated soil adsorbent
complex [33]. Potassium and magnesium could be factors
limiting rice production. The soil was poor in organic matter
with a low C/N ratio compared to the average value of 11 to
15 [36]. The lack of organic matter in 0-20 cm depth could
be due to poor root development in this layer with a sandy
silty texture. The low values of C, N and low C / N are a
sign of the more or less complete blockage of biological life
and the mineralization process [37] partly due to the high
aeration conditions of the soil. These chemical conditions
would have led to its cation exchange capacity relative
importance, the evolution of which is illustrated by the
difference between pHwaer and pHkc [38]. Also, even a
fallow period of 4 years would seem insufficient to restore
the chemical properties of a soil with a sandy loam texture.
However, given the saturation coefficient of cation
exchangeable (20, 73%), mineral fertilization of this
desaturated soil could improve its fertility and promote
rainfed rice growing.

Compared to the growth parameters of the two sequences of
rice cropping, the rice ratoon rice generated fewer numbers
of tillers and panicles than the main crop. They flower
earlier and develop their production cycle duration shortest.
But ratoon rice can produce as many panicles in the main
crop. The low tillering in ratoon rice could be the
consequence of a reduced number of nodes on the culms of
the main crop at a cutting height of 15 cm and a strong
apical dominance suppressing the axillary buds. Thus, in
reduced numbers in regrowth, these nodes, which would be
zones with high meristematic activity for the formation of
tillers, under the control of growth hormones [39], would
emit less than the plants in the culture. Main during the
vegetative phase of the cycle [40]. These results contrast
with those of [41]. In ratoon rice, the floral change would
have been less important under the effect of less stimulating
endogenous hormonal factors such as abscisic acid and
ethylene than in the main crop (Huijser and Schmid, 2011).
The earlier flowering of ratoon rice compared to the main
crop has already been observed by [42-43]. It is due to the
short duration of the vegetative phase influenced by the
reserve soluble sugars contained in the culms compared to

that of the main crop [43]. This observation seems obvious
so far as regrowth originates from the nodes bearing viable
buds on the culms of the main crop whose roots were pre-
existing. The fluctuations observed between 2012 and 2013
concerning the number of panicles according to the crop
sequences showed the stimulation effect of endogenous
factors specially onratoon rice vegetative buds floral turning
could be linked to the physiological age of the culms [44].
For younger culms (95 days), these factors would be more
favorable.

Overall, the fertilizing treatments on regrowth revealed that
nitrogen generated higher numbers of tillers and panicles.
This mineral, along with P, K and Ca induced 50% lower
flowering times. However, no significant effect of these
minerals was observed on the length of ratoon production
cycle. Mean grain yields and agronomic efficiency related to
Ca application were the greatest. The results of the effects of
fertilizer treatments on the growth parameters of ratoon rice
highlighted the contribution of nitrogen to increased tillering
and the production of panicles of Nerica 5 ratoon rice. These
results were also observed in lowland Nerica L 14 [45], in
other interspecific upland rice varieties [6]. This
demonstrates the importance of the effect of nitrogen
fertilization in plant organogenesis. Indeed, nitrogen is
involved in the synthesis of phytohormones such as auxins
and cytokinins [46], enzymatic proteins, synergistic
absorption of other minerals. An increase in these cellular
constituents would have enhanced cell divisions at bud
meristems, their differentiation into tillers, and subsequent
floral turning at panicle origin. Relative to the results for
each of the two years, this effect is greater in younger culms,
which would absorb more nitrogen through their more
functional roots. These results were obtained in the main
cycle of rainfed rice cultivation [47]. Annual fluctuations in
the effects of minerals on all studied parameters were
observed except for the length of the production cycle of
ratoon rice. Probably, relationship between ratoon rice and
chemical characteristics of the soil could be one of the
causes. In 2012, only Ca favored a higher number of tillers,
large panicles as with N and K, higher grain yield and
agronomic efficiency associated with a shorter flowering
time as with N and K. During the trials of the second year
(2013), only N caused tillering, a production of larger
panicles. These values represented respectively 90, 67% and
120, 46% of the main crop production. Nitrogen as well as
P, K, Ca, Mg and Zn generated shorter flowering times. This
generated high grain yields and agronomic efficiencies. Zn
also generated similarly high agronomic efficiencies.
Calcium-induced total grain yield was the highest and
corresponded to an increase of 57, 56% over the main crop
values. The soil is acidic, light with a sandy to sandy-loamy
texture, poor in clay, in exchangeable bases, in nitrogen and
in organic matter, and very rich in trace elements such as Zn,
Fe and Cu compared to the threshold values. These
characteristics give this soil a low ability to regulate
physico-chemical phenomena with regard to clay poverty
[48]. Its acidity and low organic matter content would have
hindered the availability of P, K, Mg and Zn applied the first
year unlike in 2013 for optimum growth. The first year, low
saturation coefficient of exchangeable bases had to be
improved thanks to the application of calcium by
amendment of the clay-humus complex. This improvement
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would have increased cation exchange capacity, corrected
chemical balances favorable to tillering, the production of
panicles, the precocity of flowering and consequently grain
yields and agronomic efficiency. According to the results for
2013 relating to tillering, panicle production and grain
yields, the previous crop would have favored a correction of
the balances between K, Ca and Mg for synergistic
absorptions, as well as the organic matter content [49]. Thus,
the effects of N on tillering and ratoon panicle production
could be attributed to a synergistic uptake of Ca and Mg as
well as P and Zn. The flowering earliness linked to the
application of nitrogen diverges with the observations of
[50]. The effect of nitrogen seems to be linked to its
involvement in the increase of leaf chlorophyll content
allowing photosynthesis activation in favorable light and
water conditions [51]. The increase in foliar chlorophyll
pigments would have led to a significant synthesis of
carbohydrates compared to proteins and a high C / N ratio in
favor of the floral shift. The results show that the nutrients
(N, P, K, Ca, Mg and Zn) have an activating role on the
metabolism of rice ratoon rice. They would have acted to
elevate the C/N ratio inside the vegetative buds. These
observations are consistent with those of [52]. Particularly
Ca would have favored a better translocation of the
photoassimilates contained in the vegetative organs towards
the grains. Because Ca is involved not only in the formation
of the middle lamellae of cell walls but also as a messenger
positively influencing the opening and closing of stomata,
photosynthesis, grain filling [53]. The egalitarian importance
of the agronomic efficiency of Zn could be due to the
presence of silt making this mineral more available for the
plant [54] and also to its subsequent involvement in
carbohydrate storage metabolism in rice grains [55].

5. Conclusion and Recommendations

In upland rice cultivation on soil with a sandy silty texture
poor in exchangeable bases and organic matter, the regrowth
of Nerica 5 is characterized by greater precocity, tillering
and a lower grain yield (15, 59%) relatively to the main
culture. In ratoon rice, nitrogen increases the number of
tillers and panicles. Minerals P, K, N, Ca, Mg and Zn
actively flowering plants. Ca increases grain yields to
around 45, 36% of the potential of the main crop.
Consequently, its agronomic efficiency is higher like that of
Zn. An application of Ca at 21 kgha™ is recommended in
upland rice cultivation to increase the RDG of ratoon rice
and obtain an RDGT of around 136, 58% of the potential of
the main crop.
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