Journal of Soil Science
ISSN: 2231-6833 & E-ISSN: 2231-6841, Volume 2, Issue 1, 2013, pp.-25-28.
Available online at http://www.bioinfopublication.org/jouarchive.php?opt=&jouid=BPJ0000284

\

SOIL CHEMICAL COMPOSITION AND SOYBEAN YIELD AS INFLUENCED BY TILLAGE AND
ASH

AKINOLA M.O.", OJENIYI S.0.2 AND AMUSAN O.A.3*

Federal Polytechnic Ado-Ekiti, Nigeria.

2Department of Crop Soil and Pest Management, Federal University of Technology, Akure, Nigeria.

3Department of Agricultural Production and Management Science, Tai Solarin University of Education, ljebu-ode.
*Corresponding Author: Email- oamusan56@gmail.com

Received: January 26, 2013; Accepted: March 04, 2013

Abstract- A field experiment was conducted for three years (2008-2010) at two sites in Ado-Ekiti Local Government Area of Ekiti State, South-
west Nigeria to develop a soil management package for enhanced productivity of soybean (Glycine max) in the rain forest zone. Ten tillage
cum wood ash manure treatments were applied and replicated three times at the two sites. The treatments were manual clearing (MC), manu-
al clearing + ash (MCA), zero tillage (ZT), zero tillage + ash (ZTA), ploughing (PL), ploughing + ash (PLA), ploughing + harrowing (PLH),
ploughing + harrowing + ash (PLHA), ploughing + two passes of harrowing (PLHH), ploughing + two passes of harrow + ash (PLHHA). Soil
chemical properties and grain yield were evaluated. Significant effects of tillage method on soil N,P and Ca were recorded in the third year
with PLHH having least values. Generally ash increased significantly the soil pH, organic matter (OM), N, P, K, Ca and Mg. The effects reflect-
ed better in the second and third years of cropping irrespective of tillage treatment. The ZTA and PLHA respectively had highest values of
seed yield in the three cropping seasons. The most suitable tillage plus ash combination is ZTA. Ash increased mean grain yield by 93%.
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Introduction

Soybean is a more recent food crop in Nigeria compared with other
legumes. The shortage of edible oil and protein contributes to eco-
nomic importance of soybean. However, study is scanty on aspect
of soil management for the enhanced performance of the crop par-
ticularly the role of organic manure and tillage.

Nigeria is the largest producer of soybean in west and central Afri-
ca. However soybean yield in the southern rainforest zone declines
yearly even with use of chemical fertilizers. This is attributable to
degradation in soil physical, chemical and biological properties,
negative nutrients balance, loss of organic matter and soil acidity
[24]. In southern Nigeria, P, Ca and soil acidity are nutritional fac-
tors limiting the yield of soybean. The low Ca status and high soil
acidity of soils are attributed to high rainfall and leaching. Hence Ca
supply or liming is an integrated part of soil management package
for legume production, soybean inclusive [25]. Osodeke and ojeniyi
[20] reported significant correlations between yield of soybean and
soil P, N, exchangeable K and organic carbon in southeast Nigeria.
According to Singh et al [24], the most important factor affecting
soybean is soil acidity.

Like other legumes, tillage is expected to influence positively the
soil physical properties, growth and yield of soybean. However,
research information is scanty on suitable tillage method for soy-
bean in the rainforest ecology. In the guinea savanna zone, a study

was conducted on suitable tillage - fertilizer package for soybean
[24]. Ridging and heaping gave highest yield but combination of
manual clearing plus single superphosphate, conventional tillage
plus superphosphate respectively gave highest grain yield.

There is need to develop suitable, adoptable and sustainable tillage
-manure package for soybean cultivation in the rain forest ecology.
Wood ash is a cheap, easily available fertilizing and liming material
for crops [1,5,10,16]. Ash derived from plants is a source of macro
and micro nutrients including P and Ca that are important in soy-
bean cultivation. Wood ash serves to furnish K and Ca with small
amounts of other nutrients, hence many farmers use it on coconut
palms. In most oil palm plantations, ash derived from bunch wastes
is used as fertilizer. In their study, Ezekiel et al [11,12], found that
oil palm bunch ash increased nutrients availability and yield of cas-
sava in southeast Nigeria. The analysis of wood ash by Ewulo et al
[10] showed that it had high level of K, Ca, Mg and trace values of
NandP.

This study, carried out over a period three years, investigated the
effect of tillage methods and tillage - ash combinations on soil nutri-
ents composition and yield of soybean in southwest Nigeria.

Materials and Methods

Field experiment was conducted in three consecutive seasons
(2008, 2009 and 2010) at two sites in Ado Ekiti Local Government
Area of Ekiti State, Southwest Nigeria. Ado-Ekiti (Latitude 7°37N,
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longitude 5°14E) is located in the rainforest zone and is character-
ized by sandy-loam soil that belongs to Okemesi series and classi-
fied as oxic Tropuldalf (USDA). It is derived from quartz, gneiss and
schist. The two sites were Federal polytechnic Ado-Ekiti (FPA) and
Ago Aduloju village (AGO) which had been under fallow for at least
Syears. The rainfalls in the three years of experience were 1156,
1476 and 804mm respectively for 2008, 2009 and 2010. Ten tillage
cum ash treatments were applied to soybean after initial manual
clearing. They were (a) manual clearing with cutlass, (b) manual
clearing + ash (MCA), (c) zero tillage (ZT) paraquat treated, (d) zero
tillage + ash (ZTA), (e) ploughing (PL), (f) ploughing + ash (PLA),
(9) ploughing + harrowing (PLH), (h) ploughing + harrowing + ash
(PLHA), (i) ploughing followed by two passes of harrow (PLHH) and
(i) ploughing followed by two passes of harrow + ash (PLHHA).
Treatments were allocated in a randomised complete block design
(RCBD) and replicated three times.

Crop Establishment

Each plot measured 5m x 5m with 2m wide discards area between
blocks and 1m between plots. Four soybean (TGX 1829-1E) seeds
were planted per stand on 15t July, 2008 at 30x30cm. Seedlings
were thinned to one plant per stand two weeks after planting to give
50 plants per plot. Weeding was manually done 6 weeks after plant-
ing. Experiment was repeated using the same sites and plots in
2009 and 2010.

Crop Data Collection

At harvest of each crop ten plants were selected for determination
of seed weight

Soil Sampling and Analysis

Before commencement of experiment in 2008, surface (0 to 10cm
depth) soil samples were collected using core sampler over each
site for chemical analysis. At harvest of each crop, samples were
collected over each treatment plot and bulked for each replicate
each year. Samples were air-dried and sieved using 2mm sieve
before routine analysis was carried out as described by Faithful
[13]. Organic matter (OM) was determined by wet dichromate meth-
od; Total N was determined by micro-kjeldahl digestion method,;
available P by Bray-1 extraction followed by molybdenum blue col-
orimetry. Exchangeable K, Ca and Mg were extracted using ammo-
nium acetate; K was determined on flame photometer and Ca and
Mg by EDTA ftitration. Soil pH in soil-water 1:2 medium was deter-
mined.

The test wood ash collected from a bakery was analysed as done
for soil before the first experiment.

Statistical Analysis

Soil and crop data were subjected to analysis of variance and the
means were compared using Duncan Multiple Range Test at 0.05
level.

Results and Discussion

Data on initial soil and wood ash analysis are shown in [Table-1].
The test soils are low in OM and available P. Test wood ash is very
high in pH, K, Ca and Mg relative to soil. Therefore it is suitable as
a liming material. Relative to K and Mg, the ash Ca content is very
high, about five times higher than Mg and twelve times higher than
K. The N concentration of ash is 100% higher than soil N concen-
tration. Ash is therefore expected to release N, K, Ca and Mg to the
soil. Available P concentration in soil and ash are comparable.

Table 1- Pre-trial Soil and Ash analysis data
Soil Property

N% 0.25 0.24 0.48

Avail P mg/kg 114 10.7 8.8
Exch K cmol/kg 0.42 0.29 5.2
Exch Ca cmol/kg 0.77 1.03 64
Exch Mg cmol/kg 0.49 0.57 12
pH (water) 6.7 6.7 111

Effect of Tillage on Soil Chemical Properties

Generally, tillage method did not influence soil chemical properties
significantly in the first and second cropping of soybean at the two
sites of study [Table-2], [Table-3], [Table-4], [Table-5], [Table-6],
[Table-7]. Values of nutrients contents were similar among the five
tillage treatments. However in the third cropping season, the PLHH
gave the least values of available soil P, K, OM and N in site 1
(Table 6) and least Ca, P, OM and N in site 2 [Table-7]. At sites 1
and 2, the effect of tillage method was significant on soil P and it
was significant on soil N and Ca in site 2.

Table 2- Effect of tillage and wood ash on soil chemical properties -
crop 1 site 1

Ca M K OM% N% P
UEEER [ (cmollkg) (cmo%kg) (cmol/kg) (cmollkg) (cmollkg) (mg/kg)
MC 6.8a 1.56cd 1.80ab 049cd 1.53ab  021d  13.3bc
MC+A 6.7a 1.50bcd 0.66bcd 1.07bc  2.03bc  0.21d 10.7¢
zT 6.8a  0.8d 047cd  034d  1.90ab 0.26bcd  10.7c
ZT+A 71a 3.5a 233a  058cd  2.90a 0.36a 18.2a
PL 6.7a 1.30bcd 0.70bcd 1.09bc  1.23¢c  0.24cd  10.9¢c

PL+A 72a 246ab  1.36b 1.44a 1.73c  0.33ab  14.4b
PL+H 7.3a 202ab 156ab  1.46a 203b  0.34ab  146b
PL+H+A  6.7a 112cd 0.67bcd 1.28ab  1.76a 0.27bcd  12.8bc
PL+2H 6.8a 1.76abc 1.20bc  1.34ab  1.16bc 0.27bcd  13.4bc
PL+2H+A 7.1a 2.02ab 1.36b 141a 156c  0.33ab 14.1b

A = ash, ZT = zero tillage, MC = Manual clearing, PL = Ploughing,
H= Harrowing

Table 3- Effect of tillage and wood ash on soil chemical properties-

crop 1 site 2
(o] Mg K OM% N% P
IEE T [ (cmol/kg) (cmol/kg) (cmollkg) (cmollkg) (cmollkg) (mglkg)

MC 6.8c  34b 130c  0.37bcd 1.86bc  0.36b 12.0a
MC+A 6.7a 1.4c 0.73dc  0.35cde 2.03bc¢  2.03bc  11.1a
T 6.7a 1.3¢c 0.50d 0.28¢ 210c  2.10c 12.5a
ZT+A 6.7a 5.6a 2.30a 0.53a 2.50a 2.50a 13.7a
PL 6.7a 1.5¢ 0.74de  0.32de 1.43c 1.43c 11.5a

PL+A 69a  3.0b 120cd 0.38bcd 1.86bc  1.86bc  12.2a
PL+H 6.9a 4.1b 190ab  043b  2.00bc 2.00bc 12.6a
PL+H+A  66a  3.7b 140bc  042bc 2.73a 2.73a 11.9a
PL+2H 5.6a 1.4c 068e 0.32dc 2.13ab 2.13ab  12.5a
PL+2H+A 6.7a 1.7e 0.71de  0.36bcd  1.80c 1.80c 10.9

A = ash, ZT = zero tillage, MC = Manual clearing, PL = Ploughing,
H= Harrowing

Effect of Ash on Soil Chemical Properties

Analysis of test wood ash in 2008 gave the following data. Total N
(4.8 g kg"); available P (8.8 mg kg-'); exchangeable Ca (64 cmol kg
-1); Mg (12 cmol kg-); K (5.2 cmol kg') and pH in water (11.1). Ash
increased soil pH, Ca, Mg, OM, N and P in the first cropping season
at sites 1 and 2 especially in ZT (zero tillage) and PL (ploughed)
soils. Similar observation was made in respect of the nutrients in
site 1 when ash was added to PLH at site 1 and in respect of pH,
Ca, Mg and K at site 2. Ash increased soil K and OM in the first
season at site 1 as well as at site 2.
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Unlike in the first cropping season when there were exceptions,
addition of ash to tilled and untilled soils increased soil pH, Ca, Mg,
K, OM, N, and P in the second and third seasons and at both sites
of study. The effect of ash addition on soil chemical properties was
often statistically significant. It appeared the effect of ash in improv-
ing soil pH, OM and nutrients reflected better after the first year of
its addition to soil. It had cumulative effect. Thus, ash served as a
liming and fertilizing material.

Table 4- Effect of tillage and wood ash on soil chemical properties-

crop 2 site 1
Ca Mg K OM% N%
[estnent (cmollkg) (cmollkg) (cmollkg) (cmollkg) (cmolikg) (mglkg)

MC 59  4.1c 141c  0.31d 7.9¢ 0.28d 10.5¢
MC+A 6.7a 6.7b 2580  0.50c  12.0bc  0.45bc  14.4b
T 6.1b  4.1c 1.12¢ 0.35b 8.6d 0.25¢ 8.0c
ZT+A 70a  91a 3.73a 0.67a 16.1a 0.58a 17.8a
PL 6.0b  3.5¢c 1.01c 0.34d 8.7d 0.24de  10.2c
PL+A 6.9a 6.6b 279%  0.49c 11.7¢c 0.39¢ 14.7b
PL+H 59  4.5¢c 1.34c 0.37d 8.9d 027de  11.1c
PL+H+A 68a 7.4b 28%  0.58b 13.3b 0.48b 15.3b
PL+2H 6.1b  4.0c 112¢c 0.32d 8.7d 023de  9.9c
PL+2H+A  6.7a  6.6b 255b  0.49c  13.0bc  0.39¢c 13.9b

A = ash, ZT = zero tillage, MC = Manual clearing, PL = Ploughing,
H= Harrowing

Table 5- Effect of tillage and wood ash on soil chemical properties-
crop 2 site 2

Treatment oz Mg oLl )
(cmoll/kg) (cmol/kg) (cmollkg) (cmollkg) (cmollkg) (mglkg)

MC 6.4c  26a 1.26d  0.36d 10.3d  0.30de  9.4def
MC+A 6.7ab 7.1b 293b 051b 152ab 048b  14.6b
T 6.4c  26d 126d  0.33d 105d 0.29de  9.1fg
ZT+A 6.9ab 8.3a 3.50a  0.62a 16.2a 0.61a  15.9a
PL 6.2c 25d 1.26d  0.34d 10.0d 032d  10.1e
PL+A 6.9ab  4.8c 243c  04% 13.3c  044bc  12.6d
PL+H 6.3c 27b 1.36d  0.34d 99d  0.29de  9.7ef
PL+H+A  7.0ab 6.7  2.60bc 047bc  144b  0.46bc  13.6¢c
PL+2H 6.1c  2.5d 1.10d  0.32d 9.5d 0.26e 8.99
PL+2H+A  6.9ab  4.2c 2.26c  0.33d 129c 043¢ 12.9d

A = ash, ZT = zero tillage, MC = Manual clearing, PL = Ploughing,
H= Harrowing

Table 6- Effect of tillage and wood ash on soil chemical properties-
crop 3 site 1

Treatment  pH e Mg i A
(cmol/kg) (cmol/kg) (cmollkg) (cmol/kg) (cmollkg) (mglkg)

MC 59a 4.35d 1.35¢ 0.31c 85cd  0.29¢cd  10.3c
MC+A 6.7b  7.61c 2.75b 0.52b 12.9b 051b  15.5b
ZT 6.1a 4.25d 1.18¢c 0.36¢ 9.1¢c 0.26d 9.5¢
ZT+A 70a 1090a 3.87a 0.68a 16.7a 064a 18.0a
PL 6.0a 3.81d 1.01c 0.33¢c 8.0d 0.23d 9.5¢
PL+A 6.7a 7.84bc  291b 053b  122bc  044c  15.1b
PL+H 59a 4.57d 1.38¢c 0.29¢ 8.5d 0.24d 9.9¢c
PL+H+A 6.9a 8.63b 2.95b 0.63a 13.9b 0.52b  15.9b
PL+2H 6.1a 3.81d 1.13c 0.26¢c 8.0d 0.23d  7.43d
PL+2H+A  6.7a  7.64c 2.70b 0.52b 13.6b 042c  14.6b

Effect of Tillage on Seed Yield

The PLH had highest values of seed weight at sites 1 and 2 and its
effect was significant in the first crop season. It had similar values
with ZT in the second and third seasons. The PLHH and MC re-
spectively had least seed yields. The overall mean values for MC,
ZT, PL, PLH and PLHH were 77, 109, 87, 165 and 83 gm per 10
plants respectively [Table-8]. The initial positive effect of PLH on
yield is attributable to relatively lower bulk density and higher poros-

ity recorded for its soil, which should have favoured root growth and
nodulation [2].

Table 7- Effect of tillage and wood ash on soil chemical properties —

crop 3 site 2
Mg K OM%  N%
UEELT I (] (cmollkg) (cmollkg) (cmollkg) (cmolkg) (cmollkg) (mglkg)

MC 59c 387cd 1.38a 0.29¢ 6.9a 0.25d  9.9bcd
MC+A 6.5b 6.44b 2.54b 044b  9.9bc 0.37ab  10.8bcd
ZT 6.0c 3.96cd 1.56a 0.32¢ 7.5¢cd 0.26e  9.1de
ZT+A 6.9a 8.27a 3.83a 0.54a 12.0a 044a 13.2a
PL 50c 387cd 1.11a 0.31c 7.9cd 0.22de  9.5cde

PL+A 6.7ab 6.31b 256b  0.45b 10.2b 0.33bc  11.7ab
PL+H 58c 427c 132a 032c 82ic  0.25de 10.2bcd
PL+H+A  6.8ab 6.97b 2.77ab  0.50ab  10.8b 0.38ab  11.0bc
PL+2H 6.1c  3.31d 1.11c 0.31c 8.4c 019 7.7e
PL+2H+A 6.7ab 6.33b  2.26bc  044b  105b  0.32bcd 11.4b

A = ash, ZT = zero tillage, MC = Manual clearing, PL = Ploughing,
H= Harrowing

Table 8- Effect of tillage and wood ash on seed weight of soybean

Crop-1 Crop-2 Crop-3
Treatment o1 Sie2 St  Ste2  Stel  Ste2
MC 99d 131e 41d 69de 52 69
MC+A 113cd  163de  104c  117c 225 162ab
7T 168c  205bc  61d 77de 68e 72
ZT+A 257a 4732 3Ba  207a 4182 295a
PL 84d  179de  54d 6de 66e 730
PL+A 179  250bed  126c  121c 1484 11dab
PL+H 206ab  522a 62d 78d 50¢ 74b
PL+H+A  216ab  405b  164b  159b  277b  145ab
PL+2H 81d  214cd  65d 30f 48¢ 530
PL¥2H+A  8ad  219%d  110c  107c  130d  106ab

A = ash, ZT = zero tillage, MC = Manual clearing, PL = Ploughing,
H= Harrowing

The relatively high seed yield recorded for ZT is attributable to ac-
cumulation of OM and nutrients especially cations in surface soil on
long term basis. It could be seen that ZTA recorded the highest or
relatively high soil OM in the second cropping season at site 2
[Table-5] and in the third season at site 1 [Table-6]. It had highest
soil concentrations of soil N and K at site 1 in the third season and
highest soil N, K and Mg at site 2. Experiments conducted on al-
fisols of West Africa indicated beneficial effect of reduced and zero
tilage on soil physical, chemical and biological properties in the
long term [18,19]. High soil OM content and associated increased
availability of nutrients and favourable structure and moisture status
enhance crop yield on long term basis. Whereas excessive mecha-
nised tillage involving repeated secondary tillage such as in case of
PLHH in the present study adversely affects crop yield and soil
quality, it could be seen that PLHH tended to have least soil nutri-
ents and OM concentrations in the second and third cropping sea-
sons. This can be adduced to its least seed yield. In the second
season, the mean seed yield for MC, ZT, PL, PLH, and PLHH were
55, 69, 59, 70, and 52 gm per 10 plants respectively. In the third
season, the values were 61, 70, 70, 62 and 50 gm. Therefore in the
long term, zero tillage sustained relatively high soil OM and fertility
status and as a result higher crop yield.

Effect of Tillage cum Ash on Seed Yield

The ZTA and PLHA respectively had highest values of seed yield in
the first, second and third cropping seasons irrespective of site
among the ten tillage cum ash treatment packages. The ZTA clearly
had the highest and significantly different values. The least values
were consistently recorded by MC and PLHH with mean vyield (per
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10 plants) of 83 and 77gm respectively. These compared with mean
seed yield of 329 and 228 gm for ZTA and PLHA respectively. Thus
non-tillage and excess mechanical tillage adversely affected soy-
bean yield while ash clearly improved yield. The values recorded for
ZTA and PLHA were respectively significantly higher than yield for
other treatments. Hence the ZTA combination is most suitable un-
der the rainforest ecology of study.

Discussion

The least yield recorded for untilled MC and excessively tilled PLHH
soils among the five tillage treatments can be associated with the
compactness of their soils. In the study of the physical properties of
the sails, the MC, ZT and PLHH soils had higher bulk density, which
is disadvantageous to root growth and nutrients uptake especially in
case of legumes.

The highest yield recorded for the package ZTA can be adduced to
the fact that on long term basis ZT is known to accumulate organic
matter and nutrients in tropical soils. For example in the third year
of the present study, at site 1, ZT recorded the highest value of soil
OM, K and CEC among the five tillage treatments. At site 2, it had
relatively high soil N, K and Mg. Aside from accumulating nutrients
and OM, addition of ash to ZT soil should have further enhanced
nutrients accumulation thus significantly enhancing uptake of nutri-
ents by soybean especially P and Ca which are known to dictate
yield of soybean. The present work shows that soil pH, OM and
macro-nutrients were increased significantly by ash addition to soil.
This led to significant increases in seed weight. Irrespective of crop-
ping season and site, addition of ash to MC soil increased mean
seed yield by 91%. In case of ZT the increase was 202%; for PL,
the increase was 82%; 38% in case of PLH and 53%in case of
PLHH. These gave overall mean increase of 93%.

Conclusion

The results of this study revealed that ash generally increased sig-
nificantly the soil pH, organic matter, N, P, K, Ca and Mg especially
in the second and third years of cropping irrespective of tillage treat-
ment. The zero tillage plus ash treatment (ZTA) produced the high-
est soybean grain yield in the three cropping seasons and is there-
fore concluded to be the best treatment for sustainable soybean
production in southwest Nigeria.
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