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Abstract: A field trial was conducted to evaluate the effects of rice straw (Oryza sativa L) and two
spontaneous plant (Pueraria phaseloïdes and Chromolaena odorata) residues combined or not with mineral
fertilizers on a lowland rice cultivar growth and yield parameters. C. odorata and P. phaseloides residues
applied alone or with mineral fertilizers allowed an increase of total aboveground biomass from 33.01%
to 35.55% against 24.04% for Mineral fertilizers. On the other hand, rice straw alone allowed a decrease
of total aboveground biomass (-6.64%). Concerning grain yield, C. odorata and P. phaseloides residues
applied alone allowed the same increase of 29.04 to 32.61% like control with mineral fertilizers. The
increase in rice straw plots was relatively low (18.99%) when applied alone and almost useless (7.42%)
when applied with mineral fertilizers. C. odorata residues applied with mineral fertilizers allowed the
highest increase of rice grain yield (67.97%). Plant residues used as green manure with or not mineral
fertilizers increase rice grain and straw yields by influencing in various manner growth and others yield
parameters.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the most
important cereal crops of the world. In West Africa,
rice grain demand increased at the rate of 6% annually
between 1973 and 1992 so that approximately 40% of
current demand is met from imports [1]. However,
lowland areas suitable for rice cultivation are estimated
at 19 million ha in the West African humid zone [2].
These agro-ecosystems have a grain yield potential
estimated to 7.3 Mg ha-1 [3]. Although the total area
cultivated for lowland rice has been increasing over the
last 10 years, grain yield averages only 44% to 57% of
the potential yield of 7.3 Mg ha-1, in partially and fully
irrigated systems, respectively[3]. This low response of
rice crop to mineral fertilization is due to an inadequate
crop residues management. In many parts of world,
particularly in Côte d’Ivoire, rice straw is generally
burnt after harvest outside fields or sometimes
completely removed from the fields for other uses. The
advantage of straw burning is disease and pest control,

and savings on labour and energy [4-6]. This practice
contributes also to air pollution and depletes soil
organic matter reserves. In such bad residue
management system, only 30-50% of the applied
mineral N is taken up by plant, particularly in wetland
rice cropping systems [7-8].

Several studies have shown that organic inputs
such as plant residues can increase rice yield and
allows a reduction of 25 to 50% in mineral N use and
for less groundwater NO3 contamination [9-12]. With the
current renewed focus on sustainable agricultural,
efficient resource recycling (rice straw) and locally
available low-cost amendments (spontaneous plant
residues) use may be an alternative to soil fertility
management for West African lowland rice producers.

Rice straw is often the only organic material
available in significant quantities to most rice farmers.
About 40% of N, 30 to 35% of P, 80 to 85% of K
taken up by rice remain in straw at crop maturity [13].
Spontaneous vegetation is also abundant around
farmers’ fields, along paths, in hedges, and in fields



J. Appl. Sci. Res., 6(11): 1581-1588, 2010

1582

under fallow. They are also potentially significant
resources for nutrient supply to nearby cultivated areas
[14]. Nutrient release patterns from organic material
depend on their chemical and biochemical content, the
climatic conditions, the physico-chemical environment
and the nature of soil organisms[15-18]. However
informations on the effects of organic inputs on the
productivity of lowland rice cropping systems in West
Africa are very scarce. The objective of this study is to
evaluate the effects of rice (O. sativa) straw and two
spontaneous plant (C. odorata and P. phaseloïdes)
residues combined or not with mineral fertilizers on
rice yield in a subhumid tropical lowland. This
experimentation was based on the hypothesis that plant
material used as green manure improved rice grain
yield by influencing growth and others yield
components closely correlated with grain yield, total
aboveground biomass and harvest index.

MATERIALS AND METHODS

Site and Plant Materials Characteristics: This
experiment was conducted in a private lowland field
site in bimodal rainfall zone of Southern Côte d’Ivoire
between October 2007 and February 2008. The climate
of the area is subequatorial type with an annual
average temperature of 25°C to 33°C, annual rainfall of
1400 to 2500 mm/year, a relative humidity of about
80% to 90% over the year. Soils are heavily leached
oxisols (ferralsols in the FAO-classification).

The lowlands soils are hydromorphic with gley or
pseudogley. The site was equipped with a dam and a
central drainage canal to allow a relative full water
control. The fields were located in a large flat valley
bottom. Table 1 shows the physico-chemical properties
of the soil studied.

Table. 1: Some basic properties of the study site soil 
Soil characteristics Value
Sand (%) 14.46
----------------------------------------------------------------------------------------
Clay (%) 57.4
----------------------------------------------------------------------------------------
Silt (%) 21.75
----------------------------------------------------------------------------------------
pHwater 4.45
----------------------------------------------------------------------------------------
Corg (%) 2.65
----------------------------------------------------------------------------------------
NTotal (%) 0.15
----------------------------------------------------------------------------------------
C/N 17.88
----------------------------------------------------------------------------------------
Extractable K (ppm) 10.33
----------------------------------------------------------------------------------------
Olsen P (ppm) 28.88

Selected spontaneous plant species were C. odorata
(Asteraceae) and P. phaseloides (Fabaceae) because
they are abundant at the trial site. Chromolaena
odorata and Pueraria phaseloides materials were
harvested from upland areas along paths near fields.
Rice straw was collected from previous harvest. Plants
samples dry matters content are shown in Table 2.

Table. 2: Chemical components of rice straw, C. odorata and P. phaseloides residues
Plant residues Dry biomass chemical components (%)

---------------------------------------------------------------------------------------------------------------------------------------------------------
C/N C N P K Ca Mg Na Cellulose Mineral fraction Polyphenols 

C.  odorata 10.3 44 4.27 0.29 3.2 1.47 0.53 0.02 16.9 10.65 5.49
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P.  phaseloides 14.2 46 3.23 0.22 2.22 1.07 0.23 0.02 29.9 7.65 3.67
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice straw 53.6 42 78 0.15 1.38 0.34 0.16 0.87 37.4 5.39 3.25

Experimental design and Cultural details: The
experiment was laid out in a randomized complete
block design with three replicates and two factors. The
5.0 m x 5.0 m plots were spaced by 30 cm thick
floodbank with water drainage or depth regulation
canals. The treatments were incorporation of rice straw
(O. sativa), C. odorata and P. phalseloides residues
combined with or not inorganic fertilizers (200 kg/ha
NPK 10 18 18 and 100 kg/ha Urea 46%). All plant
materials were chopped to 5 cm length and applied at
the rate of 4.8 Mg/ha of fresh matter and uniformly
incorporated in approximately 10 cm depth 7 days
before transplanting. All field preparation was done
using hand hoes in drained soil condition. The mineral
fertilizer NPK corresponding to each treatment was

applied one day after transplanting. Urea was brought
in two fractions: 50 kg/ha at the same time as the NPK
and the other 50 kg/ha at 30 days after transplanting.

The test crop, rice Hybrid “WITTA 9” were
transplanted in line with a spacing of 20 cm x 20 cm
x 20 cm by 2 plants per plant hole 14 days after
sowing in seedbed. Three days after transplanting, the
water level was adjusted and maintained to 10 cm
height until harvest. Weeds were controlled with an
application of “Top Star” (Oxadiargyl, 400 g/l) applied
2 days before transplanting. A manual weeding has
been necessary during tillering period. The control of
stem borers was made with “Furadan 5G” (Carbofurant
5%) at 21 days after transplanting.
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Data Collection: The height and the number of tiller
were on-farm measured. Five plants were randomly
selected on five selected randomly lines also in each
plot at 19, 33, 47 and 60 days after transplanting
(DAT). The number of flowered plants was counted on
five lines in each plot at 60 DAT to estimate the
effects of treatments on the length of the crop
development cycle. At physiological maturity, the crop
was harvested by digging up three plants per line on
five selected randomly lines in each plot for measuring
the yield components.

Grain yields (Gr Y) were recorded from three 1m²
quadrats randomly placed in each plot. Growth rate (Gr
Rate) was calculated for linear growth phase. Dry
matter weight was obtained for the samples by sun
drying until constant weight. Straw yield was obtained
by subtracting grain yield from total aboveground
biomass yield. The harvest index (HI) was obtained by
the ratio of grain yield on total aboveground biomass
yield.

Statistical Analysis: The data were analyzed
statistically using methods such as two-way ANOVA,
Newman-Keuls tests and Principal Component Analysis
with XLSTAT software (Addinsoft ©) and
STATISTICA 6.1 software (Statsoft Inc). 

RESULTS AND DISCUSSION

Effect of Treatments on Plant Growth and Yield
Parameters: Analysis of variance showed significant
interactions between organic fertilizers and mineral
fertilizers on all rice growth and yield parameters
except tillers number at 47 DAT; F(112) = 2.3, p =
0.07. Principal effect of organic fertilizers has been
observed for all measured variables. On the other hand,
we did not observe a principal effect of mineral
fertilizers on number of tiller at 47 and 60 DAT,
growth rate and Harvest index (Table 3). 

Table. 3: Analysis of variance for plant height, number of tiller per plant hole at different dates after transplanting,
growth rate (Gr Rate), maximum number of tiller (MT), fertile tillers rate (FeT), flowered tiller rate at 60 DAT
(FlowT),  number of tiller per plant hole at harvest (NT), number of panicles per plant hole (Np), number of paddy
grain per plant hole (Ng), grains yield weight (G. yield), total aboveground biomass (TB) and harvest index (HI).
Souce of Plant height * Number of tillers Gr Rate MT FeT FlowT NT NP NG Gr Y TB HI
variation -------------------------------------------- ---------------------------------------

H19 H33 H47 H60 Nt19 Nt33 Nt47 Nt60
Organic fertilizers
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ddf 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SS 140.8 380.1 2266 1121.7 170 228 150.9 126.8 0.3617 289.6 227.5 208 220.7 122.7 1054833 124686 167778 203.5
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
MS 46.9 126.7 755.3 373.9 56.7 76 50.3 42.2 0.1206 96.5 75.8 69.3 73.5 40.9 351611 41562 55926 6784
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F 32.5 108.9 277 232.2 35.7 46.3 34.3 32 63.3 62.3 6.77 8.6 50.6 61.9 55.7 69.7 9024 11.9
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mineral fertilizers
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ddf 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SS 41.4 688.8 378.1 35.8 6.7 79.0 1875.7 6.4 0.0001 842.7 1297.2 3000 102.6 93.6 21818733 37006 124417 17.0
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
MS 41.4 688.8 378.1 22.2 6.7 79.0 1875.7 6.4 0.0001 842.7 1297.2 3000 102.6 93.6 21818733 37006 124417 17.0
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F 28.7 591.9 138.6 33.4 4.2 48.1 3.4 4.9 0.06 544.6 115.7 375.0 70.6 141.7 346.0 62.0 200.7 03.0
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P 0.00 0.00 0.00 0.00 0.04 0.00 1.47 0.02 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10
Mineral fertilizers * Organic fertilizers
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ddf 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SS 83.5 33.3 102.1 161.2 54.5 230.6 10.3 136.7 0.0448 36.7 3330.8 1003.2 80.7 164.0 3394229 68069 179855 1870.6
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
MS 27.8 11.1 34.0 53.7 18.1 76.8 3.4 45.5 0.0149 12.2 1110.3 334.4 26.9 54.6 1131410 22690 59952 623.5
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
F 19.3 9.5 12.5 33.4 11.4 46.8 2.3 34.5 7.85 7.9 99.0 41.8 18.5 82.7 179.4 38.0 96.7 110.1
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ERROR
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ddf 112 112 112 112 112 112 112 112 112 112 112 112 112 112 112 16 16 16
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SS 161.3 130.3 305.4 180.3 177.7 183.7 164.2 147.8 0.2 173.3 1255.2 896 162.8 74 706232 9536 9916 90.5
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
MS 1.4 1.2 2.7 1.6 1.5 721.4 1.4 417.8 0.0019 1.5 11.2 8 1.4 0.6 6306 596 620 5.6

*Hi = plant height at i days after transplanting (DAT); Nti = Number of tiller at i days after transplanting (DAT)

Total Biomass and Grain Yields: Incorporation of C.
odorata and P. phaseloides residues alone or in

combination with mineral fertilizers significantly
increased total biomass yields of rice over control
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treatment. However a significant increase of total
biomass yield was observed in rice straw-treated plot
only when applied with mineral fertilizers over control
plot (Fig. 1). Except rice straw, C. odorata and P.
phaseloides residues applied alone or with mineral
fertilizers allowed an increase of total aboveground 

biomass from 33.01% to 35.55% against 24.04% for
Mineral fertilizers. On the other hand, rice straw alone
allowed  a  decrease  of  total  aboveground biomass
(-6.64%).

Fig. 1: Effect of plant residues and rice straw on total aboveground biomass at harvest, Means with the same
letters do not differ significantly at p < 0.05; Bars indicated standard deviation (±)

Without any mineral fertilizers applied, rice straw
and the others plant residues, increased significantly
grain yields (Fig. 2). C. odorata and P. phaseloides
residues allowed an increase of 29.04 to 32.61%, which
value was not significantly different from 31.99% of
increase observed in conventional mineral fertilization
management plots. The increase in rice straw plots was
relatively low (18.99%) when applied alone and almost
useless (7.42%) when applied with mineral fertilizers.
The highest increase of rice grain yield (67.97%) was
due to C. odorata residues applied with mineral
fertilizers.

In opposite to rice straw, rapid decomposition of
C. odorata residue due to his low C:N ratio, might
have released adequate quantities of nutrients and
consequently brought about healthy growth of rice
plants with higher yield components. Several studies
had explained these results[9, 19-23].

Harvest Index: Figure 3 shows the effects of various
treatments on harvest index. The highest Harvest Index
(HI) was obtained with rice straw applied alone and C.
odorata applied with mineral fertilizers. Rice straw
with mineral fertilizers allowed to a low HI, compared

to all treatments. Rice straw applied without mineral
fertilizers increased grain yield despite the low biomass
induced. This would mean that the plants remained
very stunted because they have invested all in
reproduction. Rice straw applied with mineral fertilizers
allows the plant to redirect its production towards the
production of straw, the HI decreases. C. odorata
applied with mineral fertilizers showed the best
productivity with the highest grain yield and harvest
index. This result was not supported by Surekha et al.
[23] whose did not observed any effect of rice straw
application on rice harvest index.

Growth Parameters: Plant residues alone or combined
with mineral fertilizers application significantly
increased rice tillering capacity and growth. The use of
C. odorata and P. phaseloides combined with mineral
fertilizers produced more tillers/plant hole than any
other treatment. These results are in accordance to the
findings of Rajput et al. [24]. According to Yoshida et
al. [25], the amount of nitrogen absorbed is positively
correlated with the number of tillers per square meter,
but in our study the effect of mineral fertilizer on tiller
number per seed hole was not significant at 60 DAT.
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Fig. 2: Effect of plant residues and rice straw on grain yield at harvest. Means with the same letters do not differ
significantly at p < 0.05; Bars indicated standard deviation (±)

Fig. 3: Effect of plant residues and rice straw on harvest index. Means with the same letters do not differ
significantly at p < 0.05; Bars indicated standard deviation (±)

Table 4 resumes the effects of treatments on growth parameters and other yield components.

The negative effect of rice straw on tiller number
was only observed at 19 DAT. Highest height was
obtained in plots with C. odorata and P. phaseloides
residue in combination with mineral fertilizer. In
accordance to Mandal et al. [26] results, the lowest plant
height was recorded for the control plot and treatments
with rice straw. Effect of plant residue application was
especially visible on the average growth rate. 

Codorata and P phaseloides increase rice growth rate
significantly in both plots with or without mineral
fertilizers. As explained by Smith and Sharpley [27],
crop residues with low nitrogen content (wheat corn) or
with a high C/N ratio like rice straw used in our
experiment, reduce the amount of available nitrogen for
crop growth. 
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Rice Flowered Tiller Rate at 60 Dat: The reduction
of vegetative period seem to be a response of rice to
nutrient stress because adequate N nutrition increased
translocation of carbohydrates from source to growing
points in well fertilized plots [28]. With C. odorata
residue and mineral fertilizers application, the flowered
tillers rate is significantly lower, due to capacity of
plant to continue growing from adequate nutrient
availability in soil. Rice straw incorporation decreased
the length of rice vegetative growth stage when no
mineral fertilizer was added. No significant variation of
flowered tiller rate at 60 DAT was observed when
mineral fertilizer was added in combination with rice
straw, compared to control plot. Regarding this result,
P. phaseloides residue seemed to improve mineral
fertilizers efficiency but when C. odorata residue was
applied the response of plant to mineral fertilizer
application was not significant (p < 0.05). 

Tillering Ability and Fertile Tillers Rate: The data
on maximum tillers number per plant hole and fertile
tiller rate are also presented in Table 4.
 Only rice straw treatment did not increase maximum
tiller number when any mineral fertilizer is added.
However, in mineral fertilizer-treated plots, significant
lower tillering ability was obseved in rice straw-treated
plot. The highest increase in tillering ability was
observed in C. odorat plot and P. phaseloides when
mineral fertilizers were applied. The effect of rice
straw applied with mineral fertilizer on maximum tiller
number did not significantly differ from the effect of

C. odorata residue applied alone. These results were
explained by the significant positive correlation
between the tiller number and NH4-N present in the
soil solution, according to Jiang et al. [29] and Surekha
et al. [23].

The lowest fertile tillers rate was obtained with
rice straw in combination with mineral fertilizer. Rice
straw applied alone significantly increased fertile tiller
rate but in combination with mineral fertilizer it
enhanced lowest fertile tillers rate contrary to P.
phaseloides residue. This trend can be explained by
nitrogen availability in soil that played an important
role in cell division according to Yoshida et al. [25] and
Rajput et al. [24].

Panicles and Grains Number at Physiological
Maturity: Treatments influenced the number of
panicles and grains per plant hole (Table 4). A
significant increase was observed on the number of
tiller and grains at physiological maturity in plot with
rice straw when mineral fertilizers were added due to
the earlier-immobilized mineral availability at the end
of the crop season. The effects of treatment on these
yield components could be attributed to the increase
and sustained nutrient availability and uptake in those
plots as reported by Surekha et al. [23]. The earlier
immobilized nutrient provided mineral fertilizers by
microorganism during rice straw decomposition process,
were released and allowed plant to maintain panicles
and grains alive.

Table. 4: Effect of treatments on rice growth rate (Gr Rate), maximum number of tiller (MT), Percent of fertile tiller (FeT), flowered tiller
rate (FlowT), number of tiller (NT), number of panicle (NP) and number of grain per plant hole (NG)

Traitments Gr Rate (cm/d) MT FeT (%) FlowT (%) NT NP NG
Control 0.86c 20.33 31.80c 25.87a 14.33d 13.87d 1065.87d
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C. odorata 1.01ab 24.93c 31.55c 17.87c 17.80ab 17.07ab 1449.20bc
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P. Phaseloides  0.99ab 22.20d 21.92d 24.00a 18.00a 17.33a 1435.87bc
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice straw 0.91d 20.4 37.91b 21.07b 13.13c 12.67 850.33
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control + MF 0.91d 26.60b 39.85ab 10.40de 17.67ab 16.00c 1433.67bc
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C. odorata + MF 0.97a 28.60a 38.23b 17.60c 18.67a 17.67a 1464.00b
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P. phaseloides + MF 1.01b 28.57a 42.56a 12.00d 17.67a 16.33bc 1356.33c
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rice straw + MF 0.87c 25.30c 28.85c 8.8 16.67b 18.00a 1626.00a
Means with the same letters in the same column do not differ significantly at P < 0.05

Multivariate Analysis: Figure 4A showed the results
of Principal Component Analysis of all measured
variables. The F1 axis is mainly explained by growth
rate (Gr Rate), Total aboveground biomass (TB) and
grain yield (Gr Y). The F2 axis was explained by
Harvest Index (HI), fertile tiller rate (FeT) and Number
of tillers at 60 DAT (Nt60). Figure 4B showed that

treatments are setting in 4 groups according to their
effects on rice growth and yields parameters. The first
group comprised the control plot characterized by the
length of rice vegetative growing stage; the second
group comprised rice straw applied alone characterized
by Rice harvest index and fertile tillers rate; the third
group was constituted by mineral fertilizers applied
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treatments except rice straw treatment in combination
with mineral fertilizers, this group was characterized by
tiller number per seed hole, tillering ability, growth rate
and grains yield/m²; finally, the fourth group was
composed by Rice straw applied in combination with
mineral fertilizers, P. phaseloides and C. odorata 

residues applied alone. These results are in agreement
with the finding of Surekha et al. [23] for the effect of
organic fertilizers on yield component by influencing
the yields components.

      (A) (B)
Fig. 4: Principal Components Analysis of all measured variables (A) and projection of treatments on the factorial

design F1x F2 (B)

Conclusion: In present study, Chromolaena residue has
excellent effects on most of growth parameters and
yield attributes. Rice straw gave the lowest effect on
rice response to mineral fertilizers application. It may
be concluded that spontaneous plant residues can
significantly improve lowland productivity when
incorporated in soil before transplanting. Rice growth
parameters and yield attributes can also be used to
evaluate potential use of spontaneous plant residue and
rice straw in lowland soil fertility management. Rice
straw and spontaneous plant residues may be a
significant alternative for fertilization management in
tropical small holders’ continuous lowland rice
cropping system.
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