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SUMMARY

Background: Tillage is one of the major threats to soil health which often results into soil physical degradation if not
properly managed. Zero tillage is an alternative option from both economic and environmental protection of our soil
resources points of view. Objective. To evaluate responses of cowpea (Vigna unguiculata) yield and
evapotranspiration to different tillage practices. Methodology. The study was conducted in Obafemi Awolowo
University, lle-1fe Osun State, Nigeria using a replicated randomized complete block design with treatments consisting
of Zero-tillage (ZT), Reduced tillage (RT), Conventional tillage + Mulch (CT + ML) and Conventional tillage (CT).
Results. Soil penetration resistance (SPR) increased with the degree of soil manipulation during tillage practices.
Penetration resistance (PR) across 15-30 cm in 2019 alone resulted in higher PR of 2.26 MPa for RT compared to
0.71,0.72 and 0.79 MPa for ZT, CT + (ML and CT), respectively, approximately 218 %, 213 % and 186 % greater in
RT than ZT, CT + ML and CT respectively. Implications. Cowpea production on sandy loam soil can be optimized
with Zero tillage. Conclusion. Over a period of two years, ZT practice had the highest profit margin of $ 573, among
the practices.

Keywords: tillage; yield; crop productivity; soil penetration resistance; evapotranspiration.

RESUMEN
Antecedentes: La labranza es una de las principales amenazas para la salud del suelo que a menudo resulta en su
degradacion fisica si no se maneja adecuadamente. La labranza cero es una opcion alternativa desde el punto de vista
de la proteccién tanto econdmica como ambiental del recurso suelo. Objetivo. Evaluar la respuesta de diferentes
sistemas de labranza y evapotranspiracion sobre la productividad del caupi (Vigna unguiculata). Metodologia. El
estudio se llevé a cabo en la Universidad Obafemi Awolowo, estado de lle-Ife Osun, Nigeria, utilizando un disefio de
bloques completos aleatorios replicados con tratamientos que consisten en labranza cero (ZT), labranza reducida (RT),
labranza convencional + mantillo (CT + ML) y Labranza convencional (CT). Resultados. La resistencia a la
penetracién del suelo (SPR) aumentd con el grado de manipulacion del suelo durante las practicas de labranza. La
resistencia a la penetracion (PR) en 15-30 cm s6lo en 2019 di6é como resultado una PR més alta de 2.26 MPa para RT
en comparacién con 0.71, 0.72 y 0.79 MPa para ZT, CT + (ML y CT), respectivamente, aproximadamente 218 %,
213 % y 186 % mayor en RT que ZT, CT + ML y CT respectivamente. Implicaciones. La produccion de caupi en
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suelo franco arenoso se puede optimizar con la practica de labranza cero. Conclusion. Durante un periodo de dos
afios, la practica de ZT registr6 el margen de beneficio mas alto de $ 573, entre los tratamientos.
Palabras clave: labranza; rendimiento; productividad de cultivos; resistencia a la penetracion del suelo;

evapotranspiracion.
INTRODUCTION

Tillage practices affect soil respiration, temperature,
water content, pH, oxidation-reduction potential, and,
soil microorganisms (Kladivko, 2001). In most
farming communities, poor tillage directly affects soil
aggregate, temperature, water infiltration and
retention. These effects go beyond crop productivity
and sustainability (Lori et al., 2017), emissions of
greenhouse gas (Stavi and Lal, 2013), soil structure
and carbon (C) sequestration (Guo and Gifford, 2002;
Gattinger et al., 2012). Intensive tillage over a long
period of time causes soil degradation, compaction,
and loss of soil and soil organic matter (SOM) in many
agroecological areas around the world. Good soil
management practices such as soil fertility
preservation, managing water resources and irrigation
systems, restoration of degraded land, implementation
of integrated pest management, fertility utilization,
and practicing conservation agriculture (Montagne et
al., 2007). By encouraging sustainable production of
crops, good soil management practices specifically
aim to improve the supply of healthy and high-quality
food while also promoting market access and farmer
livelihoods (Poole and Lynch, 2007).

Cowpea is a plant that provides nitrogen to the soil
system through N fixation hence enriches itself with
protein with or without external application of mineral
nitrogen fertilizers (Sprent, 2009). The crop plays a
vital role in the livelihood of many people dwelling in
the developing world (FAO, 2002), being a rich source
of protein and carbohydrates with high nutritive values
(Whitebread and Lawrence, 2006). Apart from being a
component of the conventional cropping systems, it is
well suited to dry and arid conditions owing to its
adaptive capacity to various environmental stresses
(Ddamulira et al., 2015)

Soil physical quality is the capacity of a given soil to
meet plant and environmental demands for water and
aeration (McKenzie et al., 2011). Continuous land use
and high economic growth threatens resources
sustainability and agricultural land in lle-Ife and other
developing countries. The majority of agricultural
lands are used for non-agricultural and recreational
purposes, which has a negative impact on overall
agricultural output.

There are three interdependent aspects of soil that
affect crop productivity which are biological;
chemical and physical health. Soil physical properties
are less researched or studied compared to soil

chemical and biological conditions. For instance,
many commercial farmers use heavy farm machineries
for land preparation without prior knowledge of the
adverse effects of such practice on soil quality
(Babalola, 2000). This practice consequently has led
to the removal of the productive topsoil and exposes
sub-soils to further degradation (Allen et al., 2011).
The suitability of soil for sustaining plant growth and
biological activity is a function of its physical
properties (Hillel, 2004). Various reports on soil
degradation (Salako et al., 2006; Babalola et al., 2007;
Are et al., 2011) indicated that plough and harrow are
among the heaviest machines used for farming
operations. Tillage has no significant impact on
growth and yields of cowpea (Mupangwa et al., 2012).
lle-Ife is an agrarian communities where tropical crops
are being cultivated. In order to facilitate farming,
many heavy agricultural equipment is used. However,
the effect of these equipment on selected soil
properties, soil strength and crop water use on cowpea,
a key crop in the area have not been scientifically
quantified. Information on response of cowpea to
different tillage practices in African countries
particularly Nigeria is limited. Therefore, the aim of
the study was to determine the effects of tillage
practices on soil strength, evapotranspiration and grain
yields of cowpea in relation to economic value in lle-
Ife, Nigeria.

METHODOLOGY
Site Description

Field trials were conducted at the Teaching and
Research Farm, Obafemi Awolowo University lle-Ife,
Nigeria (N 7°31' E 4 ° 33") Nigeria at 244 m above
mean sea level (a.s.l.), in 2018 and 2019. The site is
located in tropical rain forest and receives about 1,350
mm rainfall annually with a bimodal pattern that is
typical of humid South of Nigeria (Akintola, 1986).

The first rainfall occurred between March and July
while the second rainfall were between September and
November. The average daily minimum temperature
ranged between 20 °C and 22 °C and the average
maximum temperature between 27°C and 35°C.
Average humidity was 85 and 92% in 2018 and 2019
respectively. The experimental site was under fallow
which was dominated by guinea grasses before the
experiment established. The soil is deep, well drained
and underlain by coarse grained granite gneisses
bedrock. The soil is an Alfisol (Periaswamy and
Ashaye, 1982) and locally classified as Iwo series
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(Smyth and Montgomery, 1962.). The soil has
brownish gray color with the surface texture varying
from sandy loam to loamy sandy at sub-surface
(Smyth and Montgomery, 1962)

Experimental Design and Layout

The experiments were conducted during the 2018-
2019 for two consecutive rainy seasons on a gentle
slope field (< 1 %). The treatments consisted of four
tillage practices (Table 1) using sole cowpea (Vigna
unguiculata) as the test crop. The treatments were
arranged in a randomized complete block design in
triplicate and consisted of zero tillage (ZT) and
reduced tillage (RT) conventional tillage (CT) and CT
+ ML CT+ML, where mulch was applied three weeks
after ploughing and harrowing.

The experimental plot measured 32 x 24 m and
consisted of three blocks. Each block measured 28 x 4
m, and was divided into four plots. Plot measured 4 x
4 m each and adjacent plots were separated by an
intervening space of 4 m, which allowed the tractor
operations. Early maturing cowpea variety, (IT89KD-
288) which takes 56-63 days obtained from the
International Institute of Tropical Agriculture (I1ITA),
Ibadan, was planted on 21st September 2018 and 30™
of August, 2019 at an approximate population of
133,333 per ha (0.5 m x 0.30 m, two seeds per hole).
Weeds were controlled manually by using a local hand
hoe. Cypermethrin, a pyrethroid compound was used
to control insect fortnightly manually and was applied
2 weeks after planting to control insects.

Table 1. Treatments and description.
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Data collection started at two weeks after sowing and
subsequent data collection was done on weekly basis
until the crop started flowering to evaluate the effects
of the treatments on selected soil physical health
indicators and growth parameters. The surface and
subsurface soil layer, i.e. (0-15 and 15-30 cm) of the
soil profile, was sampled because this layer controls
many critical and environmental processes, including
seed germination and early seedling growth.

Soil Cone Index and Moisture Content

Soil penetration resistance (SPR) was measured using
a stainless-steel cone-tipped penetrometer (Spectrum
Technologies, Inc., IL, USA) with 20 mm diameter,
60° cone into the soil at a steady rate. Measurements
were made in the row at three different places on each
plot to the 50 cm depth at 10, 15, 30 and 50 cm apart.

Soil Sampling and Laboratory Analysis

Soil samples were collected with Edelman auger at
0—15 cm and 15-30 cm a week before the growing
season in 2018. Composite soil samples at each depth
were bulked, mixed thoroughly and sub-sampled for
the determination of selected physical and chemical
soil properties. The samples were air-dried at room
temperature for some days and later crushed and
sieved using 2 mm sieve before analysis. Soil pH was
determined with a glass electrode pH meter in distilled

Treatment Description

Cost (USD ha't)

2018 2019

Zero Tillage (ZT)

Plots were sprayed with mixed herbicides containing 111 113

the active ingredient of dimethyl 2,4-D amine and
Paraquat dichloride which each concentration was
825 g/L and 297 g/L. The dosage used was 30 ml of
dimethyl amine herbicide active ingredient mixed
with 14 liters of water and 450 ml mixture of herbicide
active ingredient herbicide Paraquat dichloride in the

Knapsack sprayer.

Reduced Tillage (RT) First plough (tillage depth of 12.5 cm) + spraying with 155 157
herbicides containing the active ingredient dimethyl
2,4-D amine which concentration was 297 g/L. The
dosage used was 30 ml of dimethyl amine herbicide
active ingredient mixed with 14 liters of water in the

Knapsack sprayer

Conventional Tillage Ploughed twice (tillage depth of 12.5 cm) + harrow 222 224

+ Mulching
(CT + ML)

(tillage depth of 12.5 cm) + mulch (7.5 t/ha Guinea
grass (Panicum maximum grass residue)

Conventional tillage Ploughed twice (tillage depth of 12.5 cm) + harrow 213 216

(CT) (tillage depth of 12.5 cm)
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1 USD =365 NGN 2018, 1 USD = 360.0000 NGN 2019 (https://www.cbn.gov.ng/rates/exchratebycurrency)

water using 1:1, soil: water (Thomas, 1996). Total
nitrogen was determined by the macro-Kjeldahl
method (Bremner, 1996); available phosphorus was
extracted with Bray-1 P solution by the molybdenum
blue method on Technicon auto analyzer as modified
by Olsen and Sommers (1982).

Exchangeable cations (Ca?*, Mg?*, K* and Na*) were
extracted with neutral solution of 1.0 M NH4OAc. The
K* and Na* concentrations in the extract were
determined using the flame photometer while Mg?*
and Ca?* were determined using the atomic absorption
spectrophotometer (AAS). The exchangeable acidity
(H*) was extracted using 1.0 M KCI (Sims, 1996).
Aliquot of the extract was titrated with 0.05 M NaOH
to a permanent pink endpoint using phenolphthalein as
indicator. The amount of NaOH used was taken to be
equivalent to the total amount of exchangeable acidity
in the aliquot taken (Odu et al.,, 1986). Cation
exchange capacity (CEC) was estimated by the
summation of exchangeable bases (Hess, 1990).).
Electrical conductivity (EC) was measured using a
digital conductivity meter (VWR International,
Bristol, CT). Particle size analysis was determined by
hydrometer method (Okalebo et al., 2002).
Approximately 50 g of air soil was transferred to a
dispersing cup, 20 ml of 5 % dispersion solution
(sodium hexametaphosphate: Calgon) was added and
the stirring cup was attached to a mixer and the sample
was mixed for 60 seconds. Water was added to the
suspension in the sedimentation cylinder to 1000 ml
mark. The cylinder was shaken 50 times before
standing. The hydrometer was carefully dropped into
the suspension vertically at 1 minute after standing.
The hydrometer level and temperature were measured
using thermometer. The reading was repeated after 3
hours. The texture of the soil sample was determined
using USDA textural triangle.

Evapotranspiration

Actual evapotranspiration (ETa) was estimated using
the soil water balance approach (Adeboye et al. 2017;
Kisekka et al. 2019) in Eqn. (1):

ET,=P-RO*AS-D (1)

where P is rainfall (mm); RO is surface runoff (mm);
AS is change of soil water storage in the root zone from
0 to 60 cm; D is drainage (mm). Surface runoff within
area of 1 m? in the replicates was channeled to a
graduated plastics container and measured after each
rainfall. Drainage was determined from the soil
moisture content measured at regular intervals.

Water productivity

Seasonal water productivity was determined using the
Eqgn. (2):

WP=—— @

where Y is marketable yield (t ha™®); ET, is actual crop
evapotranspiration (mm)

Agronomic parameters and yield of cowpea

Ten plants were randomly selected from each plot and
number of leaves were counted starting from 14 days
after planting (DAP) and subsequently at intervals of
one week. The heights of the plants above soil surface
were measured using a meter rule and average was
determined. At physiological maturity, the cowpea
pods within each plot were harvested and threshed
manually and the seeds yield per plot were estimated.
Grain yield was moisture corrected to 12.5 %.

Statistical Analysis

The data collected were subjected to analysis of
variance (ANOVA) using SAS to assess treatments
effects of tillage practices on selected agronomic
parameters and soil physical properties. Differences
between means were separated by using Duncan
Multiple Range Test (p = 0.05) (SAS, 2011).

RESULTS AND DISCUSSION

Chemical and physical properties of the soil prior
to cultivation

The soil pH (water) for 0-15 cm soil depth was 6.39
while that of 15-30 cm soil depth was 6.31 (Table 2).
The soil was slightly acidic and can support the
optimal growth of cowpea (SOSBAI, 2016). The
electrical conductivity (EC) of the top and the sub-soil
layers were less than 2 dS/m. This implies that the soil
is not saline (Schoeneberger et al., 2002). The cation
exchange capacity (CEC) of the top and sub-soil was
2.69 meg. 100 g* and 2.20 meq. 100 g respectively.
Total N of top soil (0.25 %) and subsoil (0.28 %) were
above the critical value of 0.11 % and was sufficient
for crop growth (Horneck et al., 2011).

The percent sand in 0-15 cm soil depth was 79.68
while the sand content in 15-30 cm soil depth is 81.68
%. Silt was 8.72 % at the top soil and 6.72 % at the sub
soil (Table 2). The soil texture for both top and sub-
soil was stated in Table 2.
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Table 2. Physical and chemical properties of the
soil at the experimental site.

Parameters Depth (cm)
0-15 15-30
pH 1:1 (Soil: Water) 6.39 6.31
Exchangeable cations (cmol kgt)
Exchangeable Ca 0.95 0.93
Exchangeable Mg 0.34 0.30
Exchangeable Na 0.89 0.61
Exchangeable K 0.51 0.36
Hydrogen ion (H*) (cmol kg% 0.32 0.46
Cation exchange capacity (CEC) 2.69 2.20

Effective cation exchange capacity  3.01 2.66
ECEC (cmol kg1)

Total Nitrogen  0.25 0.28
(%)
Electrical conductivity (dS m™) 0.41 0.46
Clay (%) 11.6 116
Silt (%) 8.72 6.72
Sand (%) 79.68  81.68
Textural class Sandy  Loamy
loam Sand

Soil penetration resistance (SPR)

The tillage practice had a significant impact on soil
penetration resistance measurements to a depth of 50
cm for ZT, CT, CT + ML and RT under cowpea plant
in 2018 and 2019 (Figures 1 and 2). All the treatments
during the 2018 cropping season had decreased soil
penetration resistance (SPR) at 10 and 30 cm soil
depth. However, there was higher penetration
resistance at 50 cm soil depth for all the treatments.
The results of 2019 cropping season for SPR from 0 to
50 cm depth in CT, CT + ML, ZT and RT cropping
season are presented in Figure 2. There was
significantly high difference in SPR between RT and
other treatments (CT, CT + ML, ZT) between 15 and
30 cm soil depth. SPR in RT treatment exceeded the
critical level of 2 MPa (Hamza and Anderson, 2005)
between this depth (15-30 cm) which would indicate
potential soil compaction at this depth. Penetration
resistance between 15-30 cm soil depth in RT plots
reached 2.26 MPa and then decreased (Figure 2). This
resistance (PR) across 15-30 cm in 2019 alone resulted
in higher soil strength of 2.26 MPa for RT compared
t00.71,0.72 and 0.79 MPa for ZT, CT + (ML and CT),
respectively, which was 218 %, 213 % and 186 %
greater in RT than ZT, CT + ML and CT respectively.
The Lower SPR under CT and CT + ML were likely
associated with deep plowing, thereby forming more
soil macropores in CT and CT + ML than in RT. The
soil PR in this study agreed with those reported in
South Africa for pasture (Raper et al., 2000), maize in
Libya (Lampurlanes and Cantero-Martinez 2003), and
India for wheat (Gathala et al., 2011) who stated that

Shittu et al., 2023

reduced tillage practices increased soil penetration
resistance and bulk density when compared to other
traditional tillage methods such as conventional and
zero tillage practices.

Compared with other tillage practices, RT had a higher
soil strength in the two seasons. As a result,
mechanical resistance to root development and
proliferation may exist in RT compared to other tillage
practices (Shittu et al., 2017). This could explain why
there was a negative relationship between cowpea
yield and soil penetration resistance. The lower SPR in
the CT and CT + ML plots could be attributed to soil
loosening to a depth of 30 cm due to tillage and crop
residue assimilation in the top layer. Blanco-Canqui
and Ruis (2018) and, Idowu et al., (2019) reported
similar findings.

Soil penetration resistance (MPa)
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

0-10 4 —— 7T

m
=
o

-15 A

Soil depth (cm)

=
(53]

-30 A

30-50 {

Figure 1. Mean soil penetration resistance during
2018 as a function of depth (0 - 50 cm) in different
tillage methods the cropping season of cowpea.

Evapotranspiration

There were variations in the seasonal crop water use
of the treatments. The total rainfall in the first season
was 238 mm and 775 mm in the second season (Table
3). Zero tillage has the highest evapotranspiration and
water productivity in the two seasons. The seasonal
evapotranspiration for all the tillage practices were not
significantly different in the two seasons despite their
variations. In the first season, zero tillage had the
highest water productivity while in the second season;
minimum tillage had the peak water productivity and
was significantly higher than the water productivities
of other tillage practices. The water productivity under
CT + ML and RT compares well with Moroke et al.
(2011). However, the water productivity for other
tillage practices were higher than those in Moroke et
al., 2011. The water productivity in the second season
was higher and could be attributed to higher seasonal
rainfall.
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Effects of tillage practices on number of leaves,
plant height

Tillage practices have an impact on the number of
leaves and plant heights. Despite the fact that all of the
treatments had nearly the same number of leaves at 2
WAP, an average of 6 leaves per plant, there were
differences in number of leaves at 4 and 6 WAP in
2018 growing season (Figure 3). Zero tillage had 53
leaves per plant at 6WAP while the reduced tillage plot
had 71 leaves per plant. A decline in the number of
leaves in reduced tillage could be attributed to sudden
increased SPR from 0.22 to 2.26 MPa within 15-30 cm
soil depth (Figure 2). Majority of the active crop roots
of most arable crops concentrate in this region in order
to obtain nutrients (Thorup-Kristensen et al. 2020).
Tillage greatly influenced yield and various growth
parameters including root growth, leaf area index and
dry matter accumulation (Gangwar et al., 2004).
Mechanical resistance greater than 2 MPa inhibits root
proliferation in both monocot and dicot species. This
is in line with previous studies (Pfeifer et al., 2014;
Colombi and Walter, 2016) which linked poor initial
root development to the occurrence of high values of
penetration resistance at 30 cm soil depth.

Grain yield

Higher yields were recorded for 2019 season with ZT
recording 168 % > CT+ML (98 %) > CT
(84 %); > RT (26 %) increases grain yield at the end
of second cropping season (Figure 7). The highest
(460 kg ha*) and the lowest (195 kg ha) mean values
of grain yield for the two seasons were obtained on CT
and RT respectively (Figure 8). The high vyield
obtained from the CT system might be as a result of
increase in number of leaves per stand and plant height
in 2019 coupled with lower soil penetration resistance
(Figures 3 and 4). RT had the lowest yield and might
be because of reduction in both plant height and

Table 3. Water productivity for the two growing seasons.
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number of leaves at the end of 2019 cropping season,
higher penetration resistance at critical rooting zone
(15-30 cm) which may prevent the roots of the crops
to nutrient availability and useful soil microorganisms
may be responsible for this too (Mupangwa et al.,
2013).

Soil penetration resistance (MPa)
0.0 0.5 1.0 15 2.0 25

0-101{1 % Critical level

10-15

t
\
|
\
|
\
|
\
\
\

15-30

Soil depth (cm)

30-50 1

Figure 2. Mean soil penetration resistance during
2019 as a function of depth (0 - 50 cm) in different
tillage methods the cropping season of cowpea.

Cost-benefit analysis

Treatment CT+ ML had the highest while ZT plots had
the lowest input cost (Table 1). The differences were
due to cost of hiring tractors and labor for mulching.
Table 4 presents the income analysis for the 2018 and
2019 growing seasons for the wvarious tillage
treatments. The maximum income for the 2018
cropping season was obtained on CT and CT+ ML
plots, respectively, at 333.72 and 300.35 USD.
Similarly, the highest income of $614 and $595 for the
2019 season was obtained on CT and CT+ ML plots,
respectively. Reduced tillage plots had the least
income, $177 in 2018, and $223 in 2019.

Year Treatment Yield Evapotranspiration Water productivity
(kg ha) (mm) (kg m?)
CT 210+142 166+9° 0.79 +0.02°
x ZT 172+18° 181+18¢° 1.05+0.11°
< CT+ML 166+13° 176+162 0.60 + 0.02°
RT 292+92 172+11° 0.53 + 0.05°
CT 596+10? 651+52 1.09 +0.06"
=] ZT 563+16? 6631232 1.18 +£0.06"
< CT+ML 578+182 649+122 1.12 £0.02°
RT 384+15P 650+21° 1.69 + 0.08?

Note: Means within a column (for each treatment factor) not sharing a lowercased italic letter differ significantly at

the P < 0.05 level.
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Figure 3. Effect of tillage on number of leaves of cowpea during 2018 cropping season.
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Figure 4. Effect of tillage on number of leaves of cowpea during 2019 cropping season.
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Figure 5. Effect of tillage on plant height of cowpea during 2018 cropping season.
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Figure 6. Effect of tillage on plant height of cowpea during 2019 cropping season.
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Figure 7. Mean values of grain yield of cowpea for 2018 and 2019 cropping season in response to different tillage
practices
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Figure 8. Mean grain yield of cowpea over the two cropping seasons in response to different tillage practices.
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Table 4. Yield and income of the different tillage

practices.
Treatments 2018 2019
Yield Income Yield Income
Kgha! ($ha’) Kgha! ($ha?)
CT 324 334 596 614
CT+ ML 292 300 578 595
ZT 210 217 563 580
RT 172 177 217 224

The highest profit earnings of 120 USD were obtained
on CT plots for the 2018 while ZT ($468) had the
highest earning in 2019 cropping seasons. The lowest
profits of $ 22 and $66.98 for the 2018 and 2019
seasons, respectively, were obtained on RT plots.
Considering the profit over two years and the relative
energy requirements, ZT with $573, was found to be
the most suitable tillage method for the optimum
cultivation of cowpea on tropical sandy loam soils.

Table 5. Profit margins analysis of different tillage
treatments.

Year Treatment Cost Income  Profit

implication USD$  USD$

USD$ ha't hat ha?

cT 213 335 122

© ZT 111 217 106

&  CcT+ML 222 300 78

RT 155 177 22

CT 216 614 398

o ZT 113 580 467

I CT+ML 224 595 371

RT 157 224 67
CONCLUSION

Reduce tillage increased soil penetration resistance in
the upper 30 cm horizon while Zero tillage had the
highest profit margin. Cowpea consumed more water
under Zero Tillage which resulted into higher water
productivity. Zero tillage produced the highest seed
yield. Zero tillage did not affect soil penetration
resistance. Therefore, Zero Tillage could be adopted in
sandy loam and loamy sand soils to prevent soil
compaction in the upper 30 cm of the soil.
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