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ABSTRACT

To generate knowledge of upland rice intensificatio West Africa, the grain yields of four
interspecific cultivars (V2 = WAB450-1-B-P-38-HB; V3 WAB450-11-1-P-40-HB; V4 = WAB450-11-1-P-
40-1-H; and V5 = WAB450-24-3-2-P-18-HB) were comphvéth that of a soil acidity tolerant sativa (WAB
56-104 = V1) on acid soil at Man in the humid farasne in Cote d’lvoire during five cropping seas@@98,
1999, 2000, 2001 and 2002). Nitrogen and potassiane annually applied at 100 and 50 kg hespectively.
Mali phosphate rock from Tilemsi was applied ontd 998 at 0, 150, 300 and 450 kg P'fraa randomized
complete block design with three replications. Tésults revealed a grain yield ranging from 0.5t to 2.6 t
ha' with highest productivity of interspecific cultigaV3 and V4 even at 0 kg P-haompared to acid tolerant
saltiva (V1). Annual optimum rates of P applicativere determined at 31.5 and 45 kg P hespectively for

V3 and V4. Applying Mali PR at 31.5 and 45 kg P'haspectively for V3 and V4 was recommended for
upland rice intensification in the humid forest eaf Cote d’lvoire.
© 2010 International Formulae Group. All rights mrged.
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INTRODUCTION

Low phosphorus status is one of the
major constraints for optimum crop
production in highly weathered tropical acid
soils. These soils exhibit high acidity with
high aluminium and iron minerals; hence most
of phosphate (P) fertilizers applied to these
soils are retained in the soils and unavailable
to plants. Despite the widespread problem of
low plant available P in tropical acid soils
(Semoka and Kalumuna, 2000), the use of P
fertilizers is very limited often attributed to
high cost of synthetic mineral fertilizers
(Szilas et al 2007a).Therefore, the use of
local phosphate rocks (PRs) as fertilizers to
acid soils low in available P is one of the ways
to improve soil available P.

Moreover, it has been reported that the
application of reactive PRs to soil increased
bioavailable soil P, exchangeable calcium and
magnesium, soil pH and, as consequence,
reduced aluminium and iron toxicities
(Fardeau and Zapata, 2002; Szilas et al
2007b). These conditions improve P nutrition
of upland rice for increasing rice production in
acid soil. However, most of P studies on
nutrition of upland rice on acid soil in humid
forest zone of Africa were related to imported
soluble phosphate andaltiva rice variety
(Sahrawat et gl 1997; 2001). Only limited
work done has been carried out on PR
application for rice production. For example,
Somado et al(2003) worked on Mali PR
which is considered as most suitable for crop
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production in West Africa (Debrah, 2000).
Despite of the high adoption rate of
interspecific cultivars by farmers in rice-based
systems of Africa (Diagne, 2008), there is
limited knowledge of their P-nutrition.

However, differences in cultivar can affect PR
efficiency (Flash et al., 1987). Therefore,
knowledge of P-nutrition of interspecific

cultivars is needed to improve rice production
in Africa.

Residual effect of PR applied once in
large amount can satisfy rice P requirement of
rice for a period of time, especially for the
interspecifics due to their indigenous character
and the tolerance of soil acidity of their
parentsOryza glaberrima(CG14) andOryza
saltiva (WAB56-104) from Africa and Asia
(Jones et al 1997). Infact, the interspecific
progeny can improve tolerance to soil acidity
more than their parents; especially tie
sativa Therefore, the use of interspecific
cultivars can be an opportunity to improve P
nutrition and rice production on acid soil of
West Africa.

This study compared the responses to
Mali PR (Ma) applied once at 0, 150, 300 and
450 kg P ha in 1998 for a period of five
years in humid forest zone of Céte d’lvoire on
a hyperdystric ferralsol by four interspecific
cultivars and WAB56-104 (O. sativa) . The
objective is to determine optimum rate of P
application using Mali PR and the most
adapted cultivar to soil acidity for sustainable
upland rice production in Cote d’lvoire.

MATERIALS AND METHODS
The experimental site

The experiment was conducted at the
research station of the National Center for
Agronomic Research (NCAR) at MAN in
Céte d’lvoire (7°2 N, 7°4 W; 500 m asl) from
1998 to 2002. The site is located in tropical
humid forest agro-ecosystem with a mono
modal rainfall pattern. Rainfall during the
growing seasons was 1020 mm in 1998 (with
missing data in August), 1124.4 mm, 1063

mm, 1179 mm and 1204 mm respectively in
1999, 2000, 2001 and 2002. The soil was
characterized as hyperdystric ferralsol having
a low inherent fertility with a low pH (< 5)
and very low available P content (Table 1).
The experiment was preceded by a 3-year
bush fallow.

Field experimentation

Fallow land of 1000 fmwas cleared
with a cutlass and cleaned of plant debris.
Ploughing and spraying operations were
mechanized in the first year (1998) while
manual operations were done in the other
years (1999, 2000, 2001 and 2002). A 4 x 5
factorial experiment comprising four P
application rates (0, 150, 300 and 450 kg P ha
Y, and five cultivars, was conducted for five
years in a randomized complete block design
with three replications. Tilemsi PR (45%
CaO, 5.3% Ff; 1.3% ALOs; 2.9% F and
27.5-31 % BFOs) from Mali was used as P
source for five cultivars including four
interspecifics (V2 = WAB450-1-B-P-38-HB;
V3 = WAB450-11-1-P-40-HB; V4
WAB450-11-1-P-40-1-H; V5 = WAB450-24-
3-2-P-18-HB) and a saltiva (WAB 56-104 =
V1) earlier reported to be tolerant to soil
acidity (ADRAO, 2000) and P-efficient
(Sahrawat et al., 2003). This sativa was
considered as the check cultivar. Only V2
(NERICAL) is among the new generation of
18 interspefics named NERICA.

Rice seeds were sown per hill of 5
grains at a spacing of 20 cm x 20 cm thinned
to 3 plants at 7-10 days after emergency
(DAE) in micro plots of 3 m x 5 m. Annually,
30 kg N hd (Urea) and 50 kg K ha(KCl)
were applied before sowing the rice seeds.
Additional 35 kg N ha was applied at early
tillering and heading. Two manual weedings
were carried out at 21 and 45 DAE.

Table 1: Some chemical characteristics of composite soipda taken from 0-20 cm
depth before start of the experiment in 1998.

Soil characteristics Magnitude
pH (water) 4.9
Organic C (g kg) 13.5
Total N (mg kg) 950
Available P — Bray | (mg K9 2.8
K (cmol. kg™) 0.22
Ca (cmol kg‘lz 0.12
Mg (cmol. kg™) 0.48
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Soil analysis

Before the trial, a composite soil
sample was collected with an auger at each
corner and the centre in a micro plot at the 0-
20 cm depth. The samples were air-dried and
sieved through 2 mm screen for laboratory
analysis. The analytical procedures of the
International Institute for Tropical Agriculture
(1989) was used for the determination of soil
pH (water), soil organic C, total N, available P
(Bray 1), and exchangeable -calcium,
potassium and magnesium contents (Table 1).

Data collection

The rice was harvested from a net area
of 8 nt for each treatment leaving out the two
border lines. After threshing and drying, the
straw and grains were separately weighed, and
grain yield (GY) was corrected to a 14%
moisture basis.

Statistical analysis

Grain yield was analyzed using linear
model procedure to determine the annual
mean value per P rate according to cultivars.
Means were separated using the least
significant difference (LSD) aio 0.05.
Multiple comparisons were also made
between the yield grand means of years and
cultivars as well as between the grain yields
and P rates. By surface response analysis, rice
grain vyield response to P rates was
investigated through the regression output and
the response curves. SAS (version 2001) was
used for these analyses.

RESULTS
Rice grain yield

The grain yield (Table 2) induced by P
rates in 1998 was ranging from 1.3to 2.5t ha
! except control treatment (0.75 — 1.7 t'ha
In the other years (1999-2000-2001 and
2002), the yields obtained were generally
bellow 2 t h&d whenever, in the ™ and
years, 2 to 2.3 t Racould be observed
especially for 300 and 450 kg P “haThe
interspecific cultivars V3 (0.9 — 2.3 t iaand
V4 (0.9 — 2.6 t hd) have the highest grain
yield compared with the saltiva-V1 (1.3 — 1.6
t ha') excluding the control treatment. From
the interaction (P rate x cultivar) effect, the
yield was ranging from 0.4 (V5, 0 kg P na
1999 and V5, 0 kg P Ha2002) to 2.6 t h
(V4, 300 kg P ha, 1998). In the check
treatments (0 kg P ki the interspecifics V3
(16 t ha) and V4 (1.7 t hd had
significantly (©=0.05 the higher yields in
1998, especially compared to the yield of V1
(0.75 t hd). In 1999, these gaps were
significantly (£=0.06) reduced with a lowest
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yield observed for V5 (0.4 t Hy Interspecific
V4 had also produced highest grain yield (1.7
t ha') in the year 2000 whereas highest grain
yield were produced by V1 (saltiva) in the
following years (2001 and 2002) of the
experiment. Generally, for V2-V5, grain yield
was reduced with years of cultivation
irrespective of P rates. However, for V1, grain
yield was either slightly higher or similar with
years of cultivation and P rates.

Under the effects of P rates (150
and 450 kg P K, lowest yields (< 2 t h)
were observed for V1 (0.75 t aand V5 (1 t
ha') in 1998 (Table 2). In 1999, there was a
slight increased in yield (14-23%) of V1
(saltiva) according to P rates while the yields
declined for the interspecifics excepted the
stable yield of 2.3 t hhinduced by V3 at 150
kg P h&. In the subsequent years (2000, 2001
and 2003), there was a general decreasing
trend of yield for all the cultivars. Comparing
the yields induced by P application with the
one of check treatment in the latest years,
there was a low residual effect for
interspecific cultivars than for the saltiva
(V1). However, this residual effect was not
observed across experiment duration for
interspecifics.

300

Responses to P fertilizer

Table 3 significantly [§<0.05
confirmed the lack of residual effect of Mali
PR on rice grain yield obtained in 1999, 2000,
2001 and 2002 with a positive difference of
yield (270 kg ha — 840 kg ha) between the
average grain yield of the respective years and
the one of year 1998. However, the lower
difference (270 kg h§ was observed in year
2000 probably because of the lowest rain fall
(Figure 1) observed during this cropping
season. Although not significanp<0.878),
the yield was slightly reduced by (9.41 kg)
when increasing P rate from 300 to 450 kg P
ha®’. Thus, there is a lack of response to
increasing applying rates of P fertilizer from
300 to 450 kg P ha

Significant @ < 0.09 quadratic
responses of rice yield were observed (Table
4) to the application of P for all the cultivars
according to P rates (Dose) and highest
constant terms (intercept) for V3 (1.07) and
V4 (1.14). Their respective critical doses for
maximum yields were 347.4 kg P hgv3)
and 292 kg P hha(V4) during the study (5
years). However, the response surface curves
(Figure 1) helped to adjust these rates to
optimums of 225 kg P Ha(V3) and 157.5 kg
P ha' (V4) considering the lack of significant
difference between the respective values and
the previous rates determined. Then, the
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annual application rate of 45 kg P"h&/3)
and 31.5 kg P hh(V4) are required.

DISCUSSION

The study reveals that the interspecific
cultivars are most adapted to acid soil
conditions, especially during three years of
continuous cropping. With reference to work
done by Adepetu and Corey (1997), the lower
yields observed for interspecific cultivars
compared with the yield of saltiva (V1) may
be attributed to most declining of soil fertility
under continuous cropping. Subsequently,
interspecific cultivar could have highest
ability of soil nutrient uptake. This assumption
corroborates the statement by Jones et al
(1997) concerning NERICA (group of 18
interspecifics) suitability for low input
farming and then, for resource-limited
smallholder production systems (Dingkuhn et
al., 1998). However, the actual study is
limiting this consideration up to three years in
continuous rice cultivation compared to
saltiva (WAB 56-104). The data obtained

Chem. Sci. 4(3): 563-5701R0

suggest that a study of soil nutrients uptake by
interspecific rice can provide helpful
knowledge of soil fertility management for
intensification of rice production in the humid
forest of West Africa.

The range (1.2 — 1.7 t Hpof yield
observed after five years (2002) of cropping
under 450 kg P hawas similar to that of the
first year of rice cultivation in the humid
forest zone of Co6te d’lvoire in traditional
farming (DCGTx, 1990). Although these
yields are still low, they show a possibility to
develop sedentary rice cultivation in the forest
zone of West Africa by applying 450 kg P’ha
at once for five years cropping. Indeed, in
continuous rice cultivation in this area, the
yield declines below 1 t Ha This situation
induced extensive agriculture, destroying the
forest ecosystem (Jurion and Henry, 1969).
Thus, the actual result is an improvement of
rice production on the same plot at least for
five years duration. Therefore, PR application
can be a component of the strategy for upland

Rainfall (mm)

1998

1999

2000 2001 2002

H June M July

August

B September

Years

Figure 1: Rainfall during the cropping period (June, Julyigiist and September) of each year of

experimentThere is no data for august 1998
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Table 2:Influence of Mali phosphate rock on rice grainlgie

1998 1999 2000 2001 2002
0 150 300 450 0 150 300 450 (k9150 gOO ;129) 0 150 300 450 0 150 300 450
V1 0.75b 1.4b 1.3b 1.4c 1.0ab 1.6a 1.6a 1.6b 0.9b 1.4B6a 1.4a 0.8a 1.3a 1.2a 1.3ab 0.8a 1.4a 1.5a 1.7a
V2 1.2ab 2.0a 2.4a 2.5ab 0.6bc 1l.4a 1.5a 1.4b 1.0aba 1.2.0a 1.7a 0.5b 1.2a 1.2a 1.3ab 0.5bc 0.8a 1.04b3a
V3 1.6a 2.3a 2.1a 2.2ab 1.6a 1.6a 2.3a 2.0a 1l.4ab 1.8®a 1.7a 0.6ab lla 13a 1lda 0.6abc 0.9a 1.6a3a 1.
V4 1.7a 2.2a 2.6a 2.6a 1.0ab 1.7a 2.1a 1.5b 1.7a 1.2a0a 1.5a 0.7ab 1.2a 12a 1.0b 0.7ab 1.1a 0.9b 1.2a
V5 1.0ab 19ab 2.0ab 2.1b 0.4c 1.3a 1.3a 1.4b 0.8b a 2.0L.6a 2.0a 0.4b 09a 1l1lla 1.3ab 0.4c 0.9a 1.0abda 1.
Lsd 0.67 0.64 0.73 0.52 0.56 0.52 1.15 0.35 0.60 0.77 0.79 0.84 0.24 0.59 0.27 0.29 0.24 0.69 0.07 0.83
p>E 0.05 0.07 0.02 0.003 0.06 042 010 0.03 0.09 047 055 055 0.11 0.77 0.63 0.28 0.05 041 051 0.55
The letters a, b and c are respegtivelicating the mean that are different signifittgnvl, V2, V3, V4 and V4 are the cultivars.
Table 3:Multiple comparisons between grain yield of ye&sates and cultivars.
[0} J) I-J (tha™) Significance
Year 1998 1999 0.44 <0.0001
2000 0.27 <0.0001
2001 0.83 <0.0001
2002 0.84 <0.0001
P rates 450 00 0.72 <0.0001
150 0.13 0.035
300 -9.41 x 10-3 0.878
Cultivars V1 V2 -7.2x 10 0.295
V3 -0.25 <0.0001
V4 -0.23 0.001
V5 2.13x 10 0.755
I'and J are thigedent variables concerned by the comparison ahdHeir yield difference.
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Table 4: Quadratic regression of grain yield by P rate atiog to cultivar.

V1 V2 V3 V4 V5
Parameter R p 3 p 3 p R

Intercept  0.88 <0.0001 0.77 <0.0001 1.07 <0.0001 1.14 <0.000167 <0.0001

Dose 0.004 <0.0001 0.005 0.001 0.004 0.0025 0.004 0.0140.005 0.0010
Dosé -0.58 0.0007 -0.79 0.019 -0.62 0.0368 -0.74 0.046-0.61 0.0436
p>F <0.0001 <0.0001 0.0002 0.021 <0.0001
C. dose 333.4 341.6 347.4 292 393.7

C: critical; V1, V2, V3, V4 and V5 are cultivars

2.5

[y
wv

Grain yield (t ha‘l)

0.5
0 T T T T T T T T T T T T T T T T T T T T 1
O N W N O M NN W O M W1 W O M 1 W O M ! 0 O
N ¥ N O 4 ®m n 0 O & & N O o4 ®m O 0 O N !
~ © — — — — ~ o~ o~ o~ o~ ™ 2] ™ [32] < < <
P rate (kg P ha'l)
¢ V1 L] V2 V3 ° \Z V5
V1 _— V2 ====V3 — - =V4 — = =V5

Figure 2: Yield response curves to P- rates according tivews (V1, V2, V3, V4 and V5).
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rice intensification in West Africa. However,
the residual effect of Mali PR was varying from
nill to low respectively for interspecific
cultivars and V1 (saltiva) in concordance with
low residual effect of PR observed by ADRAO
(2000) on saltiva cultivars production in the
humid forest zone of West Africa. The actual
study reveals the lack of this effect for Mali PR
on interspecific grain production. However, the
presumption of higher nutrient uptake by these
cultivars than the sativa as previously
mentioned can explain the difference of PR
residual effect between cultivars (interspecific
vs saltiva). Futheremore, the higher P fixation
capacity of the studied soil as demonstrated by
Sahrawat et al. (2003) can also explain the
result observed. Despite of this missing residual
effect on interspecific yield, there is no
significant difference (LSD) of yield between
sativa (V1) and interspecific, especially with
V3 at long-term (2005). Infact, this interspecific
cultivar had highest grain yields for each P rate
during the five years of experiment.

The lack of rice response to increasing P-
fertilizer rate as observed is corroborating with
work done by Koné et al(2010). Lower
contents in C and exchangeable cations (Table
1) of the soil can be cited as responsible for !
effect as mentioned by these authors.
Moreover, applying PR fertilizer also increases
soil content in Ca++ which can reduce PR
solubility at certain level (Chien and Menon,
1995; Hellums et al 1989). The saltiva (V1)
shows significantly [§<0.05) a lower grand
mean value of yield compared to the respective
grand means of the interspecifics V3 (250 kg
ha®) and V4 (230 kg h3 according to their
yields difference (Table 3). Therefore, the
interspecific cultivars as V3 and V4 are more
productive than saltiva rice (WAB 56-104) on
the acid soil of humid forest zone in Cote
d’lvoire. This funding is confirming the three
years comparative study between the effects of
triple super phosphate and Mali PR on the
production of the same cultivars in the humid
forest of Nigeria (Koné et al.,, 2009). The
cultivars V3 and V4 can be used for the
improvement of upland rice production in the
humid forest zone of West Africa, especially
for upland rice intensification.

These results confirm cultivar difference of P
effect on crop production (Baligar, 2001,
Hocking, 2001), especially for rice on the
ferralsol in the humid forest zone of West
Africa. Similar observations were done for
NERICA nutrition in N and P in Nigeria humid
forest (Oikeh et al., 2008). Lower annual rates
of 31.5-45 kg P hawere revealed for Mali PR
application in upland rice cultivation on acid

569

soil. In fact, annual applications of 50-90 kg
P ha' was suggested (ADRAO, 2000;
Somado, 2000) for the cultivation of saltiva
rice. Thus, the use of interspecifics (V3 and
V4) with respective recommended rates has
a positive economical implication in upland
rice production on acid soil.

The study pointed out a probable
more ability of upland rice interspecific
cultivars to highest grain yielding in low
input production condition than saltiva.
Further-more, interspecific V3 and V4 are
revealed to have highest response of grain
yield to Mali PR application at respective
ﬁn?ual rates of 45 kg P hand 31.5 kg P

a-.

The application of Mali PR at these

rates of P and the use of V3 and V4 are

recommended for upland rice

intensification on acid ferralsol in the

humid forest zone of West Africa.
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