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Abstract: The influence of crop residue amendments on the chemical properties of an acid soil and rice yields
was investigated at Abakaliki for two cropping growing seasons (2006 and 2007). The residue treatments were
rice straw, burnt rice husk and legume residue, while the rice cultivars were ITA 315, Ex-China and ITA 257. The
design of the experiment was a 3 x 4 factorial in a Randomize Complete Block Design (RCBD) and replicated
three times. Data were collected on soil pH, organic matter, soil total nitrogen, available P, exchangeable Ca, Mg,
P and CEC and crop growth and yield. Significantly (p<0.05) higher levels of the entire soil chemical properties
measured were detected on the soil treated with the different crop residue than the soil that was not treated with
crop residue. There were significant differences (p<0.05) on the effect of residue sources on soil N, P, K, Ca,
Mg and CEC. The soil organic matter was significantly higher on the soils treated with rice straw and legume
residue than the soils treated with burnt rice husk, where as burnt rice husk significantly reduced soil acidity
than the rice straw and legume residue. Rice growth was superior in were the soil was treated with crop residue
than the soil without crop residue treatment. Grain yield was also significantly (p<0.05) higher when the soil was
treated with crop residue than when the soil was not treated with crop residue. There were average grain yield
increases of 1.15, 1.60 and 1.50 t/ha for ITA 315, 1.30, 1.55 and 1.35 t/ha for Ex-China and 0.85, 1.05 and 0.90 t/ha
for ITA 257 were the soil was treated with rice straw, burnt rice husk and legume residue compared to the soil
with no residue treatments. The highest grain yield of 3.40 t/ha in the study was recorded with ITA 315 planted
on soil treated with burnt rice husk. Generally, ITA 315 and Ex-China produced significantly (p<0.05) higher
grain yield than ITA 217. The superior yield of rice on residue treated soil was attributed to the improved soil
chemical properties where as the superior performance and yield of ITA 315 and Ex-China were ascribed to
genetic variability. 
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INTRODUCTION leguminous plants also grow wildly in the vegetation,

The soils of the Abakaliki area are low in fertility. The tillage operations. These crop residues are major sources
soils have been noted to be acidic, low in organic matter of nutrients and have the potentials for improving soil
status, cation exchange capacity and other essential conditions.
nutrients, [1-4]. The use of organic amendments could be Rice production is the main cropping operation in
a viable means of improving the productivity of the soils. Abakaliki Area of Ebonyi State Nigeria. The crops are

Recycling of crop residue has demonstrated to be posed with the protein of realizing productivity owing to
one of the ways of improving soil nutrient content and the soil fertility problems.
maintaining soil productivity [5-7]. Determining appropriate crop residue management

Large quantities of rice straw and husk are produced practices that could lead to improved and sustainable rice
in Abakaliki annually. These materials are either burnt or crop yields in Abakaliki area could be a welcome
removed for various domestic uses. Various species of agricultural technology.

which are usually slashed and removed before traditional
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Table 1:

Physical Properties Values
Sand (%) 82
Clay (%) 17
Silt (%) 7
Textural class loamy Sand

Chemical Properties 
pH (H 0) 4.602

Organic Matter (%) 1.37
Total Nitrogen (%) 0.11
Exchangeable Ca (Cmol+kg ) 1.201

Exchangeable Mg(Cmol+ kg ) 0.801

Exchangeable K(Cmol+ kg ) 2.401

Exchangeable Na(Cmol+ kg ) 0.801

CEC(Cmol+ kg ) 24.201

Check again the physical properties???

MATERIALS AND METHODS

The experiments were carried out in 2006 and 2007
Farming seasons at Teaching and Research Farm of
Faculty of Agriculture, Ebonyi State University, Abakaliki,
Nigeria. The area is located within longitude 08° 03 E and
latitude 06° 25 in the derived savanna zone of Nigeria. The
mean monthly temperature range between 24 °C and 28 °C
[3]. The rainfall pattern is bimodal, with peaks in the
months of July and 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 .[8]

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 735 m  (52.5m x 14 m).2

The experimental design used was a 4 x 3 factorial in a
Randomized Complete Block Design. The twelve treatment
combination was replicated three times. Each replicate
measured 245 m  (52.5m x 4 m) comprising three parallel2

main treatments (rice cultivars) and four residue sub
treatment. Each block comprised of 3 treatment units, each
measuring 16 m  (4m x 4 m). The replicates were separated2

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 improve rice cultivars 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 and incorporated
into the soil with a hand hoe. 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 0-20cm soil depth, mixed
and a sub-sample taken for pre-planting soil chemical
analysis. At the end of each season’s experiments, six
auger samples were taken from each plot, mixed and a sub-
sample taken for post harvest chemical analysis. 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). 
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Laboratory Methods: The pre-planting composite soil the soil had no residue treatment. The organic matter from
sample and the post harvest sample (taken at 0-20 cm the residue treatment improved the soil pH status by
depth) from each plot were analyzed in the laboratory for increasing the soil buffer capacity. The burnt rice husk
the chemical properties. Total Nitrogen was determined by ash specifically increased the soil pH more than the other
the Micro-Kjeldahl method [9]. Available P was treatments owing to its higher Ca and Mg content. The Ca
determined using Bray II method as outlined in Page [10]. and Mg ameliorated the soil acidity more than other
Soil pH was determined using glass electrode pH meter in residue treatments. The soil cation exchange capacity was
water, in the ratio of 1:25 [11]. Organic carbon was also significantly (p<0.05) higher when the soil was
measured by the Walkley-Black procedure [12]. treated with crop residue than when the soil was not
Exchangeable cations were determined according to the treated with residue. The highest organic matter levels of
procedure described by Tel and Roa [13].The soil particle the residue treated plots and their improved soil pH status
size distribution was determined by the hydrometer and buffer capacity accounted for the higher cation
method [14]. status. The organic matter acted as the store from which

RESULTS AND DISCUSSION significantly higher levels of soil total N and the

Soil Chemical Properties: The influence of crop residue compared to the untreated ones was ascribed to the
treatment on soil chemical properties is  presented in higher organic matter levels on the plots. The increase in
Table 2. Significantly (p<0.05) higher organic matter levels pH of the residue treated plots could also have led to the
were detected on soils treated with rice straw and legume improvement in the soil content of these nutrients. This
residue compared to the soil without residue treatment improvement was even more pronounced on burnt residue
and that with burnt rice husk treatment. The highest treated plots where the ash ameliorated the soil acidity.
organic matter levels on such plots were as a result of the These results are in agreement with those obtained by
decomposition of the crop residue. This is because that of Agboola and Fagbenro [20] who reported that
organic matter is the major product of crop residue organic matter constituted a large portion of the soil
decomposition. Such increase in organic matter levels had exchange complex and being negatively charged, retains
also been associated with treating soil with crop residue nutrient cations. The significantly (p<0.05) higher levels
reported by many researchers Lal [15], Grifith [16] and of available P on residue treated plots was also as a result
Abu-Seid [17]. The reduction of organic matter level on of P released from the organic matter. The improvement in
burnt rice husk treated plots was due to losses in organic soil pH could have also led to the solubilization of
carbon during the burning process. Organic carbon inorganic P, hence enhancing the soil P levels. 
normally constitutes 58% of soil organic matter; hence Generally, the plots treated with crop residue and the
burning reduced much of the organic carbon residue ash had significantly higher levels of pH, total N,
concentration of the rice husk. This observation are in available P and exchangeable K, Ca and Mg than where
agreement with those obtained by Rasmusen et al. [18], crop residue treatment were not applied.This was as a
Biederback et al. [19] who had reported losses in surface result of the release of the organic forms of these elements
soil organic carbon levels through burning and removal of in the residue. The residue ash specifically had liming
crop residue. There was significant (p<0.05) improvement effect on the soil owing to the highest levels of Ca and
in soil pH value with the application of rice straw, legume Mg detected on the residue ash treated plots. Cation
residue  and  burnt  rice  husk when compared with where exchange   capacity    was   also    significantly    (p<0.05)

the basic cations were released into the soil solution. The

exchangeable bases on the residue treated plots when

Table 2: Effect of Crop Residue on Some Soil Chemical Properties
1st Year 2nd Year
------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------

Crop OC pH N P K Ca Mg CEC OC pH N P K Ca Mg CEC
Residue (mg/g) (H 0) (Mg/g) (mg/g) ----------------(Mol+)/kg-------------- (mg/g) (H 0) ((Mg/g) mg/g) -------------(Mol+)/kg-----------------2 2

NR 1.03 5 0.12 7.27 0.23 2.41 2.25 11.56 1.04 5 0.17 6.08 0.22 2.61 2.18 10.80
RS 1.16 5.78 0.2 10.27 0.41 3.56 3.57 14.29 1.19 5.71 0.21 9.89 0.3 3.96 2.95 14.30
BRH 1.04 6.28 0.2 9.48 0.53 5.45 4.04 15.31 1.05 6.19 0.24 10.19 0.41 5.90 3.6 15.40
LR 1.15 5.81 0.22 8.78 0.42 3.92 3.20 15.27 1.18 5.72 0.25 8.7 0.32 4.30 2.81 15.30
LSD 0.05 0.78 0.48 5.66 0.07 0.88 0.88 1.91 0.06 0.65 0.05 3.59 0.04 1.00 1.20 1.30(P <0.05)
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Table 3: Effect of Crop Residue on Rice Growth
1st Year 2nd Year
----------------------------------------------------------------------- --------------------------------------------------------------------

No. of Tillers Variety NR RS BRH LR Mean NR RS BRH LR Mean
(per plant) ITA 257 7 20 22 18 16.75 6 22 24 24 19.00

Ex-china 12 28 32 28 25.00 10 28 34 30 25.50
ITA 315 11 30 31 27 24.75 9 28 32 30 24.75
Mean 10 26 28.33 24.33 8.33 26 30 28

Plant Height (cm) ITA 257 43 55 67 62 56.75 44 55 63 65 56.75
Ex-china 55 69 78 68 67.50 53 66 78 68 66.25
ITA 315 58 65 78 66 66.75 55 65 75 65 65.00
Mean 52 63 74.33 50.67 62 72 66

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

LSD Tillers Height Tillers Height(p< 0.05)

1st Year 3.4 12.31 4.26 9.00
2nd Year 4.5 15.25 4.50 8.98

Table 4: Effect of Crop Residue on Rice Grain Yield (Chemical)
1st Year 2nd Year
--------------------------------------------------------------------------------------- ------------------------------------------------------------------------------

Variety NR RS BRH LR Mean NR RS BRH LR Mean
ITA 257 0.90 1.60 1.80 1.60 1.48 0.80 1.80 2.00 1.70 1.58
Ex-China 1.40 2.80 2.80 2.80 2.45 1.50 2.70 3.20 2.80 2.55
ITA 315 1.60 2.70 3.00 2.90 2.55 1.60 2.80 3.40 2.70 2.63
Mean 1.30 2.37 2.53 2.43 1.30 2.43 2.87 2.40
LSD Crop residue Variety(P < 0.05)

------------------------ ---------------------------
1st Year 0.45 1st Year 0.65
2nd Year 0.59 2nd Year 0.71

higher on the crop residue treated plots. This situation without residue treatments. Specifically the significantly
was due to the highest levels of organic matter detected (p<0.05) higher soil pH, organic matter, available P, cation
on such plots, which increase the levels of the elements, exchange capacity and the exchangeable bases provided
their retention and the soils buffer capacity. Hulugalle and an improved soil quality leading to improved crop
Palada [21] and Hulugalle and Maurya [22] reported productivity. The crops could also have benefited from
increases in soil CEC and soil nutrient on residue treated the changes in soil physical properties that result from
soils compared to the untreated ones. Lal and Cummings treating soil with organic residue, including reduced soil
[23] and Geogiava [24] equally reported that where forest density, increase soil aggregation, increase porosity,
thrash was pilled and burnt had higher soil fertility and lower soil temperature, reduce resistance to root
lower acidity. penetration increase soil aeration and reduce loss of water

Rice Growth: The growth and yield responses of rice to
crop residue treatments are presented in Table 3. The rice Rice Grain Yield: Figure 1 shows the yield performance
tillering was significantly (p<0.05) higher on crop residue of rice to the different crop residue treatments. Rice grain
treated plots than the untreated plots. The rice crops were yield was significantly (p<0.05) higher on residue treated
also significantly (p<0.05) taller where the soil was treated plots than the untreated plots. There were no significant
with crop residue than where the soil was not treated. In differences in the influence of the different residue
all, the growth of ITA 315 and Ex-china was significantly sources on rice grain yield. ITA 315 and Ex-china yielded
(p<0.05) higher than ITA 257 across the four crops significantly (p<0.05) higher grains than ITA 257 across
residue treatments. The improve of soil chemical the  residue  treatments.  The  differences  in  yield among
properties of the residue treated plots provided adequate the cultivars was due to genetic variabilities and the
environment for the superior growth than on the plots ability to different varieties to adapt to different

to run-off.
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environmental conditions. This agrees with the 5. Iwuafor, E.N.O., B.T. Kang and I.F. Ike, 1991. Effects
observation  of  Fukai  et  al.  [25],  Wade  et  al.  [26], of different tillage and crop residue management
Sudhakar and Mishra [27] and Ogbodo and Nnabude [4]. systems on chemical properties of an Alfisal.
The more vigorous plants on the residue mulched plots Proceedings of International Soil tillage research
enhanced a more efficient nutrient uptake and grain yield organization, Ibadan, Nigeria 8-12 July 1991, pp:53-62.
than the plants on the untreated plots. The higher nutrient 6. Salim, M., 1991. Use of bio and organic featilizers in
content and enhanced root growth reflected in higher rice Pakistan In RAPA report  1991/7.  F.A.O.  Bangkok:
tillering and grain yield. The significantly (p<0.05) higher pp: 217-235.
tillering of the plants on residue treated plots also lead to 6. Salim, M., 1991. Use of bio and organic fertilizers in
significantly (p<0.05) higher grain yield than on the Pakistan In RAPA report  1991/7.  F.A.O.  Bangkok,
untreated plots, whereas the significantly (p<0.05) higher pp: 217-235.
tillering ability of Ex-China and ITA 315 accounted for 7. Mbagwu, J.S.C., I. Unamba Opara and G.O. Nevoh,
their higher grain yields than ITA 257. There was a decline 1994. Physico-Chemcial Properties and Productivity
in grain yield in the second year on the plots without of two tropical soils amended with hydrated swine
residue treatments, probably due to losses of nutrients to waste. Bio-resource Technol., 49: 163-171. 
crop up take. The increase in grain yield in the plots 8. FDALR, 1985. Federal Department of Agriculture and
treated with crop residues in the second year was Land Resources Reconnaissance Soil Survey of
attributed to the combined effect of the current residue Anambra State, Nigeria, Soil Report, FDALR Kaduna.
treatments and residual effect of the previous year’s 9. Bremmer, J.N., 1965. Total nitrogen in method of soil
residue treatments. analysis part 2: agronomy monograph No.9,

CONCLUSION pp: 599-622.

The study showed that returning crop residue to the Methods of Soil Analysis. Second Edition. American
soil could be beneficial; in ameliorating adverse soil Society of Agronomy, Madison, Wisconsin 
chemical conditions. It was specifically concluded that the 11. Mclean, E.D., 1982. Soil pH and lime requirements in
use of adequate quantity of rice straw, burnt rice husk and Page A.L. (Ed). Methods of soil analysis part 2.
legume residues improves the fertility status of the soil of Chemical and microbiological properties (2  Ed.).
the study area and that growing ITA 315 and Ex-China be Agronomy  series  No.SSA.Maidison,  Wis.  USA,
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