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Effect of Crop Residue on Soil Physical Properties and Rice Yield on an Acid Ultisol at
Abakaliki, Southeastern Nigeria
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Abstract: A study was conducted in 2005 and 2006 to evaluate the effect of different types of crop
residue mulch on soil physical properties and rice yield. The crop residue treatments were dry rice straw,
burnt rice husk, legume residue and the control, while rice cultivars were ITA 257, Ex-China and ITA
315. The experiment was laid out as a 3 x 4 factorial in a Randomized Complete Block Design (RCBD),
with three replications. Measurements of soil bulk density, total porosity, soil temperature, moisture content
and water infiltration, and plant growth and yield were taken. The result showed that soil moisture, total
porosity and water infiltration were significantly (p<0.05) higher on residue treated plots, where as soil
bulk density and temperature were significantly (p<0.05) reduced by the residue treatments compared to
the soil with no residue treatments. Rice growth and yield were significantly (p<0.05) better on the residue
treated plots. There were average grain yield increases of 0.95, 1.00 and 1.00 t/ha for ITA 257, 1.05, 1.25
and 1.20 t/ha for Ex-China and 0.95, 1.30 and 1.24 t/ha for ITA 315 as a result of rice straw, burnt rice
husk and legume residue mulched soil. The grain yields of ITA 315 and Ex-China were 1.10 and 1.00
t/ha significantly (p<0.05) higher than the yield of ITA 257 when valued across the two years and residue
treatments. The highest grain yield of 3.07 t/ha in the study was obtained from ITA 315 grown on soil
mulched with legume residue. The superior rice growth and grain yield on the residue mulched soil was
as the result of the improved soil physical environment while the better performance and yield of ITA
315 and Ex-China were ascribed to genetic inheritance.

Key words: Crop Residue, Acid Soil, Physical Properties, Rice Cultivars, Rice Growth, Rice Yield.

INTRODUCTION 

Abakaliki Agricultural zone of South-Eastern
Nigeria is a major rice producing and processing area
in Nigeria. Large quantities of rice husk are produced
annually around the milling centres. These materials
heap around the milling centres, and over the years
have developed into very high hills of rice husks.  The
waste has become problematic and the only way of
management has remained burning the wastes. This
practice constitutes environmental hazards to the
farmers and other inhabitants of the area as the hills
continue to dot the landscape. The disposal of this
burnt waste has constituted a problem. There is the
need to investigate the use of the burnt waste materials
for agricultural purposes in order to reduce the
environmental problems caused by the waste.

It has been confirmed by Mbagwu [1], Mbagwu et
al. [2], Obi and Ebo [3], Nnabude and Mbagwu [4] and
Anikwe [5] that returning agronomic wastes to the soil
could lead to its structural modifications.  Apart from
its major role in supplying nutrients, crop residues used

as mulch have the potentials to regulate temperature,
conserve soil moisture, minimize erosion and result in
improved soil productivity [6,7,].

There is the need to investigate the benefits of the
rice waste and other crop residue materials in
ameliorating the soil structural and crop productivity
problems consistent with the Abakaliki Agricultural
zone. The study will assist in resolving the observed
soil constraint to production in the area including high
soil bulk density, low porosity and poor soil water
conditions [4,8,9].

MATERIALS AND METHODS

The experiments were carried out in 2005 and
2006 Farming seasons at Teaching and Research Farm
of Faculty of Agriculture, Ebonyi State University,
Abakaliki, Nigeria. The area is located within longitude
08o 03 E and latitude 06o 25 in the derived savanna
zone of Nigeria. The mean monthly temperature range
between  24  oC  and  28  oC [4]. The rainfall pattern
is  bimodal,  with  peaks  in the months of July and 
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September. Annual amounts of rainfall stabilizes around
May and stops around October, leaving a dry period
between November and April. The soil is hydromorphic
and has an Isohypothermic soil temperature regime.
The soil belongs to the order Ultisol derivied from
shale and classified as typic haplustult. The description
of the surface soil physical and chemical characteristics
is shown in Table 1. The area was previously used for
rice cultivation, before it was used for the experiment.

Experimental Design and Field Layout: The area of
land used for the experiment measured 767 m2 (59m x
123m). The experimental design used was a 4 x 3
factorial in a Randomized complete Block Design,
replicated three times. Each replicate measured 247 m2

(13m x 19m) comprising four parallel tillage
treatments, and three rice cultivars. Each block
comprised of 3 treatment units, each measuring 16 m2

(4 m x 4 m).  The replicates were separated from one
another by 1m alleys, whereas the individual plots were
separated by 0.5m alleys.

Treatments: The crop residue treatments were no
residue (NR), Rice Straw (RS), Burnt Rice Husk
(BRH) and legume residue (LR). The three rice
cultivars used were ITA 315, Ex-china and ITA 257.
The dry rice straw was from the previous year harvest.
The burnt rice husk was collected from the rice mill
dump, whereas Centrocema pubensis was harvested
from the ones growing widely in the surrounding bush.
The improved rice cultuvars used for the trials were
foundation seeds sourced from the International
Institute of Tropical Agriculture (IITA), Ibadan.

Treatment Applications: Ploughing was done in
second week of April while the harrowing was done in
the first of May, each season. Basal fertilizer
application was incorporated immediately after
cultivation. Planting of rice seeds were done in second
week of May, four days after basal fertilizer
application. The rice seeds were direct seeded using a
dibbling stick to open the soil and covered thereafter.
Three seeds were planted per hill at a spacing of 25cm
x 25cm and later thinned down to 2 plants per hill at
21 days after planting giving a plant population of
320,000 plants per hectare.

Application of crop residue took place on second
week of May. Five tons per hectare of either dry rice
straw burnt rice husk or fresh Centerosema pubensis
were evenly spread on the appropriate plots as surface
mulch. On the NR plots no crop reissue was applied,
while the existing vegetation and residues were
removed.

Cultural Practices: N: P: K fertilizer at the rate of
30kg P per hectare as single super phosphate and 30kg

K per hectare as muriate of potash were applied to all
the plots basally four days before planting of the rise
seeds. 80kg N per hectare as Urea was also applied in
two Spilt doses. One third of N was applied alongside
P and K, while the remaining two thirds was applied
45 days after planting. The fertilizers were applied by
broadcasting. The plots were kept weed free by
weeding as the need arose using manual methods.

Observations and Data Collection: Six soil auger
samples were randomly collected from 0-20 cm depth,
mixed and a sub-sample taken for pre-planting soil
analysis. At 65 days after planting, six auger samples
were taken from 0-10 cm depth in each plot for the
determination of soil moisture. Also six undisturbed
soil core samples of 5cm diameter were taken from
each plot at 30 DAP for analysis of bulk density. Soil
water infiltration capacity was measured on each plot
at 60 DAP on with a double ring infiltromter. Soil
temperature measurements were taken at 14, 28, 42,
56, 70 and 84 DAP using a centigrade soil
thermometer, and the mean recorded. Plant height and
tiller number were measured at 75 DAP. At dry
maturity, the rice panicles were harvested dried,
threshed, and the grain yield data adjusted to 14%
moisture content (by weight) and converted to t/ha

Laboratory Methods: Soil pH was determined using
glass electrode pH meter in water, in the ratio of 1:25
[10]. Mechanical analysis was carried out using
hydrometer method by Bouyoucous [11]. Organic carbon
was measured by the Walkley-Black procedure [12].
Exchangeable cations were determined according to the
procedure described by [13]. Available phosphorus was
determined using Bray II method [14], while total
Nitrogen was determined by the Macro-Kjeldahl
method [15]. Soil bulk density, total porosity and soil
moisture were also measured on each plot. Bulk
density was analyzed using core method as proposed
by Blake and Hartge [16], while porosity was calculated
from bulk density data assuming a particle density of
2.659 / cm3.  Soil moisture was determined using the
gravimetric method as described by Stolt [17].

RESULTS AND DISCUSSION

Soil Physical Properties: The result of the effect of
different crop residue treatments on soil physical
properties is presented in Table 2. Soil temperature was
significantly (p<0.05) higher on the plots that were not
treated with crop residue than the plots that had crop
residue treatments. The rice straw significantly reduced
soil temperature by 2.0 and 1.8 0C in the first and
second year, whereas legume mulch reduced soil
temperature by 1.8 and 1.9 0C in first and second years
respectively.  The crop residue mulch intercepted the 
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incoming solar radiation, reducing its intensity on the
soil surface, hence lowering the soil temperature. The
significantly (p<0.05) higher soil moisture detected on
the crop residue treated plots also had moderating
effect on the soil temperature. Soils with higher soil
moisture naturally would require higher specific heat
than the soil that has lower soil moisture. This situation
agreed with the findings of Fortin and Pierce [7] and
Ogbodo [18] who reported lower temperature on the
soils where crop reside was left on top of the soil
surface than where the residue was removed or burnt.
The rice straw treatment reduced the soil bulk density
by 0.08 and 0.09 cm3 in first and second years
respectively, while the burnt rice husk mulch
significantly (p<0.05) reduced the soil bulk density by
0.04 and 0.05 cm3 in the first and second years
respectively compared to the soils without residue
treatments. The products of residue decompositions
(polysaccharides and humus) acted as biding materials
on the soil particles hence improving the soil pore
volume, aggregation and structure, and reducing the
density per unit volume of soil [19]. The improved soil
structure owing to the reduced soil density and increase
porosity led to the significantly (p<0.05) higher
cumulative water infiltration observed on the residue
treated plots compared to the soils without crop residue
treatment. Treating the soils with rice straw
significantly (p<0.05) improved water infiltration by 19
and 20% compared to burnt rice husk and no residue
treatments. Legume residue treatment on the other hand
significantly (p<0.05) increased infiltration by 17 and
18% compared to burnt rice husk and no residue
treatments. Infiltration was reduced on burnt rice husk
treated plots a result of clogging of soil pores by ash
particles. The findings agreed with Lal et al. [20] and
Jones et al. [21] Soil moisture was 32 and 35%
significantly (p<0.05) higher on the rice straw treated
plots than on soils without residue treatments in the
first and second years. Moisture level was also 27 and
29% significantly (p<0.05) higher on the legume
residue treated plots in the first and second year. This
higher soil moisture regime of the residue treated soils
was ascribed to many factors including the soils lower
temperature compared to the soil without residue
treatment. The crop residue reduced heat flux on the
soils and moisture loss through evaporation hence
conserving more moisture. The observed higher water
infiltration of the residue treated soils and perhaps the
reduced run-off could also have increased the level of
water storage in the residue treated plots. The higher
organic mater levels associated with crop residue also
led to higher moisture storage capacity of the soil.
These observations agreed with Lal et al. [20], Peterson
and Fenster [22], Mbagwu and Piccollo [23], Nnabude and
Mbegwu [4] and Ogbodo [18] who equally reported

similar situation of higher water infiltration and soil
moisture levels on residue treated soils than the
untreated soils.

Rice Growth: Table 3 and 4 show the result of the
growth and yield responses of rice to the different crop
residue treatments. The result reveals superior growth
of the rice crops on the residue treated soils compared
to the untreated soils. The tillering of the rice varieties
was significantly (p<0.05) higher when the soil was
treated with crop residue than when the soil was not
treated with crop residue. ITA 315 and Ex-china
produced significantly (p<0.05) higher number of tillers
than ITA 257 across the four residue treatments. The
three rice varieties were significantly (p<0.05) taller
when the soil had crop residue treatment than when the
soil had no residue treatment. There were no significant
effects of the different residue sources on the growth
attributes measured. The significantly better growth of
the crops on the residue treated plots was due to the
improved soil structure occurring from reduced bulk
density and increased porosity. The lower soil
temperature and higher soil moisture regimes on
the crop residue treated soil also had positive influence
on rice growth. This provided a favourable soil
environment and soil quality for improved crop growth.
The improved soil structure enhanced root penetration
and nutrient uptake by the plants for improved crop
growth. This assertion agrees with the report of
Iwuafor[24] which showed greater root growth in
mulched plots than the untreated ones, and Geogiava
[25] who reported growth and dry matter yield to be
higher with the use of residue.

Grain yield: The grain yield response of the three rice
varieties to the different crop residue treatments are
presented in Table 1. There was no consistent trend in
the pattern of grain yield of the cultivars when the soil
was not treated with crop residue. However, grain yield
was generally higher on plots treated with crop residue
than when the soil had no crop residue treatment. ITA
315 and Ex-china produced significantly (p<0.05)
higher grain yield than ITA 257 across the four crop
residue treatments. Crop residue type did not affect
grain yield among the three rice varieties. The superior
grain yield on the residue treated plots was attributed
to the higher tillering ability of the crops on the
residue treated plots. The larger plant size produced
larger leaf area which had more efficient photosynthesis
and conversion of photosynthate into grain yield. The
improved soil structure and higher moisture regimes of
the crop residue treated soils provided a good soil
environment for effective nutrient and gaseous
exchange which improved crop productivity. The soil
structure  determines the availability of oxygen in the 
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Table 1: Some Soil Physical and Chemical Properties of the Experimental Area
Physical Properties Values
Sand (%) 82
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Clay (%) 17
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Silt (%) 7
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Textural class loamy sand
Chemical Properties 
pH (H20) 4.6
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Organic Matter (%) 1.37
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total Nitrogen (%) 0.11
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Exchangeable Ca (Cmol+kg-1) 1.2
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Exchangeable Mg(Cmol+kg-1) 0.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Exchangeable K(Cmol+kg-1) 2.4
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Exchangeable Na(Cmol+kg-1) 0.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
CEC(Cmol+kg-1) 24.2

Table 2: Effect of Crop Residue on some Soil Physical Characteristics
1st Year 2nd Year

------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------
Bulk Total Water Soil Bulk Total Water Soil

Crop Residue Temperature (OC) Density (g/cm3) Porosity (%) Infiltration (cm/hr) Moisture (%) Temperature (OC) Density (g/cm3) Porosity (%) Infiltration (cm/hr) Moisture (%)
NR 30.30 1.58 40.38 38.04 14.06 30.10 1.59 40.00 28.54 13.61
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
R S 28.30 1.50 43.40 48.75 20.69 28.30 1.50 43.40 34.58 21.04
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B R H 29.40 1.54 41.89 37.07 15.57 29.10 1.52 41.51 30.83 16.06
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L R 28.50 1.57 43.02 48.84 19.40 28.20 1.50 43.40 32.82 19.18
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD(P< 0.05) 1.69 0.02 2.14 6.48 5.23 1.76 0.05 2.48 4.26 5.27

Table 3: Effect of Crop Residue on Rice Growth
1st Year  2nd Year

------------------------------------------------------------------------------- ---------------------------------------------------------------------
Variety N R RS BRH LR Mean NR RS BRH LR Mean 

No of Tillers ITA 257 6 19 17 17 14.75 5 18 20 18 15.25
(per plant) -------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ex-china 11 23 27 25 21.5 11 25 23 28 21.75
-------------------------------------------------------------------------------------------------------------------------------------------------------------------
ITA 315 11 27 26 27 22.75 10 28 23 31 23
-------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 9.33 23 23.33 23  8.67 23.67 22 25.67

Plant Height ITA 257 58.53 65.25 67.42 62.11 62.58 54.2 65 73.42 65 64.41
(cm) -------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ex-china 55.75 59.41 60.08 60 58.81 55.33 64.33 71.83 68.58 65.1
-------------------------------------------------------------------------------------------------------------------------------------------------------------------
ITA 315 55.58 63.5 70.58 64.08 63.41 55.33 64.75 75.83 65.5 65.35
-------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 56.62 62.72 66.01 62.1 54.95 64.69 73.69 66.36

Crop residue Variety
------------------------- ---------------------------

LSD (P< 0.05) Tillers Height Tillers Height
1st Year 4.71 13.21 1st Year 5.92 NS
-------------------------------------------------------------------------------------------------------------------------------------------------------------------

 2nd Year 5 16.15 2nd Year 5.9 NS
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Table 4: Effect of Crop Residue on Rice Grain Yield (t/ha)
1st Year 2nd Year

------------------------------------------------------------------- ----------------------------------------------------------------------
Variety NR RS BRH LR Mean NR RS BRH LR Mean 
ITA 257 0.8 1.5 1.7 1.6 1.4 0.6 1.8 1.8 1.7 1.5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ex-china 1.6 2.4 2.8 2.8 2.4 1.5 2.7 2.8 2.9 2.5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ITA 315 1.8 2.6 2.9 2.8 2.5 1.6 2.8 2.9 3.07 2.6
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 1.4 2.2 2.5 2.2 1.2 2.4 2.5 2.6

Crop residue Variety
----------------- -------------

LSD (P < 0.05) 1st Year 0.56 1st Year 0.62
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2nd Year 0.59  2nd Year 0.68

soil, the mobility of water and nutrients through the
soil, and the ease of root penetration and proliferation
to assess the nutrients. These observations agree with
Ashrad et al. [26] which showed that soil physical
properties form a major consideration in determining
soil productivity. There is also the possibility that
improved soil chemical characteristics on the residue
treated plots contributed in part to the higher grain
yield compared with the untreated plots. These
observations are consistent with the findings of Lal [27],
Hullugalle and Paleda [28] and Ogbodo [18] that showed
that the use of crop residue mulch increases crop yield
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