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Conservation tillage (CA) is an option for maintaining soil health and the surrounding environment for
intensive agriculture, especially on the tropical climate. A three years lengthy research experiment was
performed in arid climate from 2014 to 2016 at Bangladesh Agricultural Research Institute (BARI) to eval-
uate the effect of conservation tillage approaches on environmental sustainability and water productivity
of irrigated maize cultivation. The conservation tillage practices (Zero tillage-ZT and Minimum tillage-
MT) are evaluated in comparison to the traditional farmer’s practices. Amongst these, the treatment com-
bination having MT with optimum irrigation best suits for cost-effective sustainable technique in maize
cultivation without compromising with the yield at the dry season in the red brown terrace soil of
Bangladesh. This combination of CA treatment is environment-friendly for maize cultivation as the treat-
ment combination consumes the lowest amount of fuel (29.70 L/ha) for tilling purposes and required
fewer water resources (only 2 time irrigation) for irrigation purposes and thus reduces the amount of car-
bon dioxide and other emitted toxic gaseous molecules to the surrounding environment. Therefore, MT
with optimum irrigation is evaluated as the best options for continuous maize cultivation in the red
brown terrace soil without any yield penalty.
� 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Maize is one of the important cereal crops in Bangladesh next to
rice and wheat. In 2016, maize yield for Bangladesh was 13.89 MT
per ha. Maize yield of Bangladesh increased from 1967 to 2016
growing at an average annual rate of 5.55%. (BBS, 2016). Due to
the high requirement of inputs, nutrients, and water; maize is con-
sidered as the exhaustive crop. Previous research in Bangladesh
(Barma et al., 2014) shown that cereals (rice, maize, wheat), jute,
pulses and oilseeds can be cultivated very effectively through
water saving conservation tillage (CT) technology.

CT (zero-tillage and reduced tillage) approach all together con-
serve soil and water resources, decrease farm energy uses and sta-
bilize crop production. The physical, chemical and biological
properties of a soil are influenced by Conservation tillage (Liebig
et al., 2004). Soil physical status includes soil densities, infiltration
and water holding capacity are rendered by conservation tillage
(Swmrg, 2004). Thus, CT is usually a synergistic situation for the
stakeholders including farmers and the environment through
numerous benefits (Hobbs et al., 2006).

The adverse effect of prevailing deep tillage-based intensive
agriculture on the quality of natural resources such as soil, water,
topography, biodiversity and the associated ecosystem of nature
has already been reported (Dumansky et al., 2014). Least soil culti-
vation reduces agricultural inputs and machinery necessities and
overall cultivation costs because less soil tillage has to be done
for crop production (Madden et al., 2008). Conservation practices
carried out in the better capability regions of maize cultivation in
Bangladesh for saving irrigation water is productive and covering

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jssas.2019.03.002&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jssas.2019.03.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:fagunaniruddha@gmail.com
https://doi.org/10.1016/j.jssas.2019.03.002
http://www.sciencedirect.com/science/journal/1658077X
http://www.sciencedirect.com


A. Sayed et al. / Journal of the Saudi Society of Agricultural Sciences 19 (2020) 276–284 277
over the soil surface drastically reduces floor runoff and as a result
soil loss (Alam et al., 2009).

Minimum or least soil disturbance, stable organic soil cover,
and varied crop rotations are the broad principles of conservation
agriculture (CA). CA is often referred to as resource-effective agri-
culture (FAO, 2017). In Conservation Agriculture (CA), crops are
grown with minimum disturbance of soil and natural biodiversity
through tillage and no burning of crop residues (Anonymous,
2017). According to FAO (FAO, 2014), CT is an unavoidable method
of CA is to control agro-ecosystems for improved and sustained
productiveness, improved profits and meets protection at the same
time as preserving and enhancing the water resource base and the
environment.

Over a period of several years, optimum irrigation water appli-
cation and conservation tillage practice rendered nutrient cycling
and organic matter builds up (Holland, 2004; Pezzuolo et al.,
2017). CA paved a way to save the irrigation water from excessive
water uses for maize cultivation. It also controls soil erosion due to
more soil pulverization in different agro-ecological zones of Ban-
gladesh (Sarkar et al., 2009).

The potential environmental advantages of changing soil man-
agement practices are actually being identified worldwide (Lal,
2000). The degradation of soil situations can affect the on-farm
environment, even though the greater threatening and luxurious
consequences are on off-farm due to the fact they include pollu-
tants of air and water. Pollutants of air and water away from the
source stays unseen by means of the farmer, and consequently,
they end up demotivated to change practices for environmental
motives. Even on-farm, the link among soil and water management
practices and environmental issues are hard to observe (Osborn
et al., 2000; Sun et al., 2018).

Several researchers and coworkers in their recent studies have
suggested the impact of various conservation tillage, crop residue
management and cropping system on yield and yield contributing
parameters (Jat et al., 2014; Das et al., 2018), nutrient cycling,
energy management and water productivity (Devkota, 2011;
Gathala et al., 2014; Zhao et al., 2019), soil physical health status
and infiltration (Alam et al., 2017; Sultan et al., 2017) and improv-
ing soil quality index (SQI) (Choudhary et al., 2018).

A good combination of both the application of optimum irriga-
tion and minimum tillage practices can give an encouraging result
to a point where maximum yield is possible, but beyond that, the
maize cultivation is not profitable. The excessive application of
water creates the higher production cost of the crop and unneces-
sary tillage practices severe to environmental pollution (Alam
et al., 2008; Pezzuolo et al., 2017). Therefore, the specific study
hypothesizes were: (i) determination of the outcomes of soil tillage
(Zero tillage and Minimum tillage) in comparison with farmers’
practices (FP) on maize yield and on the encompassing surround-
ings; (ii) comparison of different irrigation practices for evaluating
the water use efficiency (WUE) during maize cultivation in semi-
arid dry agriculture and (iii) evaluation of CO2 emission and other
environmental sustainability in various CA practices as compared
to traditional farming (FP) in red brown terrace land of tropical
agriculture of Bangladesh soil.
2. Materials and method

2.1. Experimental site and climatic condition

The entire three years lengthy experiment is conducted in the
field research plot of Bangladesh Agricultural Research Institute
(BARI), Gazipur, Bangladesh (23� 540 41.47920’ N and 90� 230

20.26320’ E). The soil used in this experiment were collected from
AEZ (Agro Ecological Zone)-28, Madhupur Tract, deep red brown
soil and mostly laterite in nature. The whole experiment was con-
ducted under the same layout, management practices and prefer-
ences. The overall climate is the sub-tropical, semi-arid monsoon
with a wide variation in rainfall throughout the year.

2.2. Study crop and variety

The study crop was Maize (Zea mays) – BARI Hybrid Maize 6.
This variety was used throughout the experiment, unless stated
otherwise. The seeds of Maize – BARI Hybrid Maize 6 were sown
directly in the respective treatment field, while needed special see-
der is used.

2.3. Land preparation and soil samples analysis

The experimental field was divided into plots based on the
experimental design (Split Block Design). The unit plot size was
(5 m � 6 m) with 1 m buffer distance between the plots. These
plots were prepared as per requirement of the tillage practices in
different treatments at least seven days before the sowing. Farmers
practice plot preparation was done by power tiller mechanical til-
lage, followed by flood irrigation, but zero tillage/minimum tillage
plots were prepared by special tilling equipment. While preparing
conservation plots, the previous crop (rice) residue was kept up to
30 cm length on the field. The basal recommended amount of fer-
tilizers was applied before tillage operations. The soil use in this
experiment was collected from the (Agro Ecological Zone) AEZ
28-Madhupur tract. The physicochemical properties of soil were
tested in two stages, i) Pre sowing period and ii) Post-harvest per-
iod. The depth of soil sample collection was 0–30 cm for the further
analysis. The physicochemical properties of initial soil presented in
Table 1. The analysis of soil was accomplished following the stan-
dard methods (Olsen et al., 1954; Page et al., 1982).

2.4. Experimental treatment and design

The experimental treatments were based on tillage operations
and irrigation practices. Three methods of tillage were used in
the experiment. These were-

� T1 = Zero tillage or no-tillage (strip tillage), no disturbances
of the soil, power tiller operated inclined plate planter is
used for seed sowing operation.

� T2 = Minimum tillage; single tillage and the sowing opera-
tion performed at once by power tiller operated inclined
plate planter.

� T3 = Traditional tillage operation (farmers practice), usually
three to four times tillage with power tiller followed by hand
sowing.

Three types of irrigation practice were

� I1 = Only one irrigation was applied at 25 days after sowing
(DAS).

� I2 = Two irrigation was applied at 25 and 50 DAS,
respectively.

� I3 = Three irrigation was applied at 25, 50 and 85 DAS,
respectively.

2.5. Description of tillage practices

(a) Zero tillage (ZT, T1) practices

Power tiller was used for zero tillage operation. In the ZT
approach, the power tiller operated BARI developed inclined plate



Table 1
Physicochemical properties of experimental initial soil; the analysis is done by following standard methods (Olsen et al. 1954; Page et al. 1982). (a) Physical properties of soil and
(b) Chemical properties of soil.

a) Physical properties of soil
Soil depth (cm) Bulk density (g cm�3) Particle density (g cm�3) Porosity (%) Infiltration (mm hr–1) Field capacity (%) Textural class
0–30 1.50 2.68 44 8.50 29 Clay loam

b) Chemical properties of soil

pH OM (%) Ca Mg K Total N % P S B Cu Fe Mn Zn

meq/100 ml mg g-1

6.3 0.69 4.5 4.0 0.12 0.41 12 25 0.10 2.2 112 15 2.0
Critical level 2.0 0.8 0.2 – 14 14 0.2 1.0 10 5 2.0
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planter is using for seed sowing. In zero tillage practices, the soil
was pulverized in the form of the strip (6–7 cm) to put the maize
seed and the rest of the field was remain undisturbed. For this pur-
pose, the number of tines of power tiller was changed. Six tins
were used in zero tillage; at each travel, sowing was done in two
rows, for each row only three tins were used. Sowing line to line
distance was maintained 75 cm and plant to plant distance was
25 cm. The distance between the line to line and plant to plant is
adjusted through plate planter. In zero tillage practices, power til-
ler operated inclined plate planter was a new mechanism inven-
tion of BARI for maize planting. In this practice, only two labors
and one inclined plate planter mounted power tiller was required.
Two labors and only one power tiller in six hours operation were
required for tillage and sowing of each acre area of land. This prac-
tice was time and fuel saving method in comparison to the tradi-
tional method.

(b) Minimum tillage (MT, T2) practices

Minimum tillage means minimum soil disturbance. The soil
was pulverized at modest and least stage. Soil pulverization and
maize sowing were done simultaneously. Minimum tillage opera-
tion aiming to keep the prior crop residue and removing the weed
exposed on the upper soil of the experimental plots. In minimum
tillage operation, power tiller operated inclined plate planter has
been handed over the soil once to manipulate the soil and the sow-
ing of maize seeds. In minimum tillage operation, three labors and
one power tiller was required for six hours in operation for tilling
and sowing of maize seeds. Minimum tillage operation can save a
substantial quantity of labors and fuel so; the cost of production
can be minimized. It is comparatively time and fuel saving meth-
ods to the traditional farmers ‘method.

(c) Traditional tillage practices

The traditional tillage practices was the farmer’s tillage practice
in Bangladesh. This was an intensive tillage operation. Usually four
to five cross manipulation of soil was done in this practice. The
exposed weeds were removed. In traditional tillage practices, max-
imum soil pulverization occurred. This treatment covered maxi-
mum soil tillage and sowing were done manually. Traditional
tillage practices consumed the highest fossil fuel for maximum soil
pulverization and power tiller in operation for more time. In tradi-
tional tillage, eight labors were required for sowing and soil tillage.
One power tiller was required for fifteen hours in operation for till-
ing one acre of land. The more tilling operation creates an adverse
environment for the growth of beneficial soil microorganisms.

2.6. Fertilizer and weed management

The dosages of fertilizers according to Fertilizer Recommenda-
tion Guide (BARC, 2012). All the recommended fertilizers were
applied except nitrogen, during the final land preparation. One-
third Nitrogen was applied at the time of final land preparation
and the remaining nitrogen in two equal splits at 30 and 55 DAS,
respectively. Conservation agriculture (CA) has been known as an
effective approach for increasing crop yields but weed control is
supposed as one of the most critical issues (Pittelkow et al.,
2015). Due to the reduction in tillage activities, weed seed bank
composition and dynamics in CA will change compared to conven-
tional tillage. Thus, weed is a major problem in CA techniques.
Proper and timely weeding is the prerequisite for the better crop
growth in conservation tillage and the optimum water resource
utilization approaches. The holistic weed management; including
physical, chemical, biological and cultural controls in a scientific
coordination in IWM (Integrated Weed Management) is practiced
in early observation (Swanton and Murphy, 1996).
2.7. Management of irrigation and water productivity

Irrigation water was applied in a controlled and volumetric
measuring system. Three types of irrigation treatment (I1, I2, and
I3) were applied based on growth stages depending on the root
zone depth at different stages.

The water productivity is measured as water use efficiency. The
following formula is modified from the prior research work
(Bhushan et al., 2007, Zhao et al., 2019):

Water use efficiency WUEð Þ t=ha=cmð Þ
¼ Yield of maize t=hað Þ=Total water used cmð Þ
2.8. Assessment of yield and yield parameter

The physical and yield parameters; plant height (cm),
plant/plot, cob/plot, grain/cob, 100-grain weight (g) and yield
(t/ha) were obtained after harvesting of the maize following the
standard methods. The data of the following parameters were
observed perfectly and presented in the respective table/figures
as the mean of three replicates ± SD/SE (if any). During harvesting,
care should be taken to avoid any kind of physical injury and loss of
harvest products.
2.9. Labor and equipment

The labor use is consists of usage of equipment and farm tools.
And for diverse field operations, viz., mechanical tillage, layout of
the experiment, seed sowing, irrigation, application of fertilizer
and pesticides, weeding, supervision, harvesting and processing.
Manual labor use for eight hours was considered to one man/day
(fixed by the international labor law). The time is taken for trac-
tor–drawn instruments to perform the field activities like tilling,
seed sowing, fertilizer and pesticide use (Parihar et al., 2015)



Fig. 1. Effect of different tillage practices on soil porosity and field capacity,
T1 = Zero tillage, T2 = Minimum tillage, T3 = Farmers practice; data are shown in the
bar graph along with the error bar as Mean ± SD.
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2.10. Analysis of profitability

The analysis of profitability performed considering only the
variable production costs. These costs consisted day labor, use of
equipment for tillage (power tiller, seed planter etc.), the input cost
(seed, fertilizer, pesticide, and irrigation), harvesting, and market-
ing. The price of land is not considered as production cost. Net
returns (NR) were calculated by deducting the overall total cost
(TC) of cultivation from gross returns (GR) (NR = GR � TC)
(Parihar et al., 2015; Das et al., 2018) Benefit cost ratio (BCR) is
another fundamental indicator for measuring profitability. The
equation used for calculating the benefit cost ratio, BCR = GR/TC.

2.11. Data analysis

The methodology adopted for this experiment involves field
experiment, the collection of experimental data and analysis of
the data. The following program and software were used for this
study.

� SAS was used for analysis of the yield related parameter and
data.

� PC based GIS used for map making.
� Microsoft Excel solver add-in.

3. Results

3.1. Impact of tillage practices on soil physical properties

Soil physical properties are the stable factors of soil. Soil den-
sity, especially, the Bulk density (BD) of surface soil decreased with
the depth and different types of tillage practices and varied from
1.50 to 1.47 g cm�3. The highest bulk density was observed in zero
tillage and the lowest in deep tillage farmers practice (FP) treat-
ment. But, field capacity (FC) was the lowest in the zero tillage
and highest in the deep tillage due to compaction of the soil
(Table 2) as compared to initial values. The physical properties of
the soil were not significantly changed in the short-term experi-
ment due to tillage and/or irrigation application among these
treatments (Fig. 1).

The highest field capacity (29.96%) observed in T3 (Farmers
practice) and the lowest was (29%) in T1 (Zero tillage) (Fig. 1).
The highest field capacity and porosity observed in the farmer’s
traditional practices (T3) indicate the higher crop production cost
as compared to conservation practices.

3.2. Effects of different tillage techniques on the yield parameters of
maize

The effect of different tillage techniques on yield and yield con-
tributing characters varied significantly (Table 3). The variation
among different tillage techniques observed except plant popula-
tion, grains per cob and 100-grain weight. The highest plant height
(207.7 cm) was perceived in T2 (MT) treatment, which was
Table 2
Effect of different tillage techniques on physical properties of post-harvest soil, ZT (Zero
LS = Level of significance, NS = Non-significant.

Treatment/Parameter Depth (cm) Bulk Density (g/cm3) P

Initial soil 0–30 1.50 2
ZT (T1) 0–30 1.50 2
MT (T2) 0–30 1.483 2
FP (T3) 0–30 1.474 2
CV (%) – 2.34 1
LS – NS N
statistically identical to T3 (FP) and the lowest plant height was
found in T1 (ZT) treatment. The yield of maize in the different type
of tillage techniques varied significantly. The highest yield
(8.25 t ha-1) was found in the T3 (FP) and the lowest yield
(7.257 t ha-1) was observed in the T1 treatment. In the T2 (MT)
treatment, the yield was (8.15 t ha-1) which was statistically simi-
lar to T3 (FP) treatment yield 8.25 t ha-1 (Fig. 2). In case of 100-
grain weight and grain per cob, no statistically significant differ-
ences obtained among various tillage practices.
3.3. Interaction of irrigation and tillage on yield contributing
characters

The combined effects of tillage practices and irrigation did not
significantly influence on the most of the yield contributing char-
acters. Plant population per plot, cobs per plot, 100-grains weight
and yields were not varied statistically. These parameters were sta-
tistically the same in all the treatment combination. The highest
maize yield (8.680 t ha-1) was found from T3I3 combined treatment
and the lowest yield (6.650 t ha-1) was observed at T1I1 combina-
tion, but it had no statistically significant difference among treat-
ments (Table 4). The significant effect observed on the plant
height in the different treatment combination of tillage and irriga-
tion. The highest plant height (218.0 cm) revealed from T3I3 treat-
ment combination and the lowest plant height (180.0 cm) found in
T1I1 treatment combination. The significant difference also
observed in grain per cob of combined treatment (Table 4). The
maximum grain per cob (427) was shown in T1I3 followed by
T2I2 treatment combination, and the lowest number of grain
(330) was observed from T1I1 treatment combination.

No significant influence was observed on the yield contributing
characters of plant per plot, cob per plot and 100-grain weight. The
combined effect of tillage and irrigation on the yield and yield con-
tributing parameters of maize were insignificant. The combined
treatment had the non-significant influence on the yield of maize,
but the applied water is less required for T1I1 (zero tillage and
Tillage), MT (Minimum Tillage), FP (Farmers Practice). CV = Coefficient of variance,

article Density (g/cm3) Porosity (%) Field capacity (Volume %)

.67 43.93 29.36

.663 43.93 29.00

.662 44.24 29.56

.658 44.84 29.96

.38 1.64 –
S NS NS



Table 3
Effect of tillage on the yield and yield contributing characters of maize. ZT (Zero Tillage), MT (Minimum Tillage), FP (Farmers Practice). ANOVA (a 0.05) followed by DMRT. The
same latter in the column indicate there is no significant difference among the treatments based on the Least Significant Difference (LSD) value. NS = Non-significant,
* = Significant (a 0.05).

Treatments Plant height (cm) Plant/plot Cob/plot Grain/cob 100 grain weight (gm) Yield t ha�1

ZT(T1) 200.7 b 70.33 69.00 b 392.3 14.43 7.257 b
MT(T2) 207.7 a 73.33 72.67 a 399.3 15.53 8.150 a
FP(T3) 207.3 a 73.00 73.67 a 409.0 15.93 8.227 a
Level of significance * NS * NS NS *
LSD 4.77 – 1.35 – – 0.33

Fig. 2. Effect of different tillage practices on Plant (a) and yield contributing
parameter (b) of maize, ZT = Zero tillage, MT = Minimum tillage, FP = Farmers
practice; data are shown in the bar graph along with error bar as Mean of 3
replicates ± SE.

Fig. 3. Yield of maize (ton/ha) and required irrigation water (cm) in different
treatment combination of tillage and irrigation practices. T1 (Zero Tillage), T2
(Minimum Tillage), T3 (Farmers’ Practice); I1 (One-time irrigation), I2 (Two times
irrigation), I3 (Three times irrigation).
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one-time irrigation practices) as compared to T3I3 (farmers practice
with triple irrigation) treatment combination (Fig. 3).

No significant difference was found in T2 and the T3 tillage
treatment. Statistically, T2 and T3 tillage treatment are similar for
yields and yields contributing characters. So, the T2 tillage treat-
ment with minimum tillage is considered as the suitable tillage
as compared to farmers practice for sustainable maize cultivation.
Table 4
Interaction effects of tillage and irrigation on the yield and yield contributing characters o
Microsoft excel solver add-in. NS = Non-significant, * = Significant (a 0.05). T1 = Zero Tilla
irrigation, I3-Three times irrigation).

Treatment Plant height (cm) Plant/plot Cob/p

T1I1 180.0 d 63.00 58.00
T1I2 208.0 b 73.00 74.00
T1I3 214.0 a 75.00 75.00
T2I1 201.0 c 68.00 64.00
T2I2 210.0 b 78.00 76.00
T2I3 212.0 a 74.00 78.00
T3I1 200.0 c 68.00 65.00
T3I2 204.0 c 75.00 76.00
T3I3 218.0 a 76.00 80.00
Level of significance * NS NS
CV (%) 3.02 5.26 6.90
3.4. Water use efficiency through conservation agriculture

Total irrigation water applied in the three irrigation treatments
were, 38.98 cm, 67.22 cm, and 109.57 cm in I1, I2, and the I3 irriga-
tion treatment, respectively (Table 5). Water use efficiency (WUE)
is the ratio of total irrigation water (applied + rainfall) and yield of
maize (t/ha). WUE of maize varied from 0.135 (t/ha/cm) in the I1
irrigation treatment to 0.067 (t/ha/cm) in I3 irrigation practices
(Table 6). Water productivity decreases drastically from the I1 irri-
gation treatment to the I3 irrigation treatment but maize yields
increased marginally from I1 treatment to the I3 treatment. As a
result, theWUE is showing higher value in the I1 treatment as com-
pared to the other irrigation treatments.

3.5. Effects of conservation tillage on CO2 emission and environmental
pollution

Power tiller consumes diesel and emits CO, CO2, CH4, NO, NO2,
SO, SO2 and other greenhouse gases. One liter of diesel produces
2.772 kg of CO2, which has a great contribution to increasing the
f maize; ANOVA (a 0.05) followed by CV (Coefficient of variance) estimation done by
ge, T2 = Minimum Tillage, T3 = Farmers Practice; I1-One time irrigation, I2-Two times

lot Grain/cob 100 grain weight (gm) Yield t ha�1

330.0 e 14.00 6.650
416.0 b 14.50 7.520
431.0 a 14.80 7.600
364.0 d 15.00 7.200
414.0 bc 15.60 8.600
420.0 b 16.00 8.650
380.0 c 15.80 7.550
420.0 b 15.60 8.450
427.0 a 16.40 8.680
* NS NS
3.13 2.50 5.03



Table 5
Total applied irrigation water on different irrigation treatment (I1-One time irrigation, I2-Two times irrigation, I3-Three times irrigation) in combination with the different tillage
techniques.

Irrigation
treatment

Water used (cm) in zero tillage
(T1)

Water used (cm) in minimum tillage
(T2)

Water used (cm) in farmers practice
(T3)

Total water applied
(cm)

I1 10.23 13.55 15.20 38.98
I2 18.56 22.34 26.32 67.22
I3 30.94 35.10 43.53 109.57

Table 6
Water use efficiency (productivity) (t/ha/cm) and yield of maize (ton/ha) in different irrigation treatments (I1-One time irrigation, I2-Two time irrigation, I3-Three time irrigation).
WUE = Water Use Efficiency = Maize yields (t ha�1)/Total water (cm). DAS = Days after sowing.

Treatment No. of
irrigation

Irrigation at
DAS

Water for seedling
(cm)

Irrigation water
(cm)

Effective rainfall
(cm)

Total water
(cm)

Maize yields
(t ha�1)

WUE (Productivity)
(t ha-1cm�1)

I1 1 25 2.00 38.98 15.30 54.28 7.33 0.135
I2 2 25, 50 2.00 67.22 15.30 82.52 8.20 0.099
I3 3 25, 50, 85 2.00 109.57 15.30 124.87 8.31 0.067

Table 7
Emission of CO2 and environmental quality index in different tillage practices. CO2 emissions from a gallon of diesel = 2778 g � 0.99 � (44/12) = 10,084 g = 22.2 lb/gallon (www.
epa.gov/otaq/greenhousegases.htm). ZT (Zero Tillage), MT (Minimum Tillage), FP (Farmers Practice).

Treatments Tilling time (hours/ha) Fuel required (liter/hr.) Fuel required (liter/ha.) CO2 emission (kg/ha)

ZT (T1) 14.82 1.25 18.52 18.52 � 2.77 = 51.30
MT (T2) 23.76 1.25 29.70 29.70 � 2.77 = 82.27
FP (T3) 59.28 1.25 74.00 74.00 � 2.77 = 205.0
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air temperature. Among the greenhouse gases, CO2 contains the
major portion so, the amount of CO2 emission in one ha of land
for cultivation of maize by different tillage treatment (Table 7).

Power produces 51.30 kg of carbon dioxide in zero (T1) and
82.27 kg in minimum (T2) tillage treatments whereas in traditional
tillage treatment, power tiller produces 205 kg of carbon dioxide
for maize cultivation of one hectare of land (Fig. 4). Emission of
Carbon dioxide gas in the farmers practice tillage treatment are
also four times higher than the T1 and T2 tillage treatments, respec-
tively (Fig. 4). Thus polluting the environment while intensive til-
lage during land preparation in tradition cultivation techniques.
3.6. Economic analysis

The highest benefit-cost ratio (BCR) was observed (3.05) in the
T2I2 treatment combination, indicates that only two irrigation with
minimum tillage treatment is the most profitable combination. The
second and third highest BCR (2.92) and (2.88) were found in T2I3
and T2I1 treatment combination, respectively. In case of higher BCR
values, the most common treatment is T2 (MT) tillage treatment
with I1, I2, and I3 irrigation treatments (Table 8).
Fig. 4. Total required fuel (liter/ha) and emitted CO2 (kg/ha) in different tillage
approaches; ZT = Zero tillage, MT = Minimum tillage, FP = Farmers practice.
Yields were increased with the increase of irrigation, but BCR is
not increased with the increase of irrigation. The highest gross
return ($ 2084.03) was found in the T3I3 treatment combination
which was very much similar to T2I2 ($2064.83) treatment combi-
nation and the lowest gross return ($1596.64) was found in the T1I1
treatment combination.
4. Discussion

4.1. Effect of conservation tillage on soil physical status and yield
contributing characters

Conservation tillage (CT) approach is a less tillage practice com-
pared to conventional tillage, but most of the soil physical proper-
ties varied insignificantly due to their interactions (Table 2). The
soil physical status like soil density, soil porosity, field capacity
enhanced by conservation tillage (Jat et al., 2013; Singh et al.,
2016). CT improves water management systems for arid agricul-
ture (Govaerts et al., 2009) and advanced nutrient use performance
compared to traditional farming practice (Unger and Jones, 1998).
Earlier researches revealed that zero tillage with residue effect
benefits in refining soil structure formation and dropping bulk
density (Govaerts et al., 2009; Gathala et al., 2011). In our observa-
tion, conservation tillage affects the soil properties and mutual
interactions among the soil properties also in line with the recent
observation of CA effects on soil quality index (Choudhary et al.,
2018).

Among the different yield contributing parameters studied,
cob/plant and yield (t/ha) varied significantly and other yield
parameters do not show any significant variation due to various til-
lage treatments. But, the minimum tillage (MT) showed a similar-
ity in the yield of maize with farmers practice (FP) treatment
(Table 3). In our result, no definite trends of yield and yield param-
eters of maize is found for CA techniques, this is may be for small
plot experiment (5 m � 6 m) effect with other complex soil param-
eters; but long-term experiment might demonstrate an increased
yield for CA treatments as reported by prior researchers (Gathala

http://www.epa.gov/otaq/greenhousegases.htm
http://www.epa.gov/otaq/greenhousegases.htm


Table 8
Variable costs for production, Benefit Cost Ratio (BCR) of maize cultivation in the combined effect of different tillage techniques and irrigation scheduling. The cost currency is
converted from BDT (Bangladeshi Taka) to USD ($) (1 BDT = 0.12 $). The price of Maize $0.24/Kg and labor cost $3/person. Benefit cost ratio is the ratio of variable costs and gross
return.

Cost items Costs in Treatment combination (USD)

T1I1 T1I2 T1I3 T2I1 T2I2 T2I3 T3I1 T3I2 T3I3

Labors 104.20 114.04 120.04 110.13 111.04 110.32 318.13 330.13 342.14
Fuel 36.01 36.01 36.01 40.15 41.22 40.56 180.07 180.07 180.07
Manure 120.04 120.04 120.04 124.72 125.25 124.43 120.04 120.04 120.04
Urea 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00
TSP 115.39 115.39 115.39 115.39 115.39 115.39 115.39 115.39 115.39
MP 127.92 127.92 127.92 127.92 127.92 127.92 127.92 127.92 127.92
Gypsum 7.92 7.92 7.92 7.92 7.92 7.92 7.92 7.92 7.92
Irrigation 48.01 120.04 156.06 49.33 122.64 158.98 48.02 120.04 156.06
TVC 583.53 665.40 707.42 599.56 675.38 709.52 837.66 1025.55 1073.56
GR 1596.64 1805.52 1824.73 1728.69 2064.83 2076.83 1812.72 2028.81 2084.03
NR 1013.11 1140.12 1117.31 1129.13 1389.45 1367.31 975.06 1003.26 1010.47
BCR 2.74 2.71 2.58 2.88 3.05 2.92 2.16 1.98 1.94

TVC = Total Variable Costs, GR = Gross Return, NR = Net Return, BCR = Benefit Cost Ratio.
BCR = GR/TVC.
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et al., 2013; Parihar et al., 2015; Singh et al., 2016, Das et al., 2018).
In our study the use of inclined planter developed by BARI was the
new seeding approach in Bangladesh for sowing seeds of maize in
case of zero tillage (ZT) and minimum tillage (MT) treatments.

4.2. Water use efficiency through conservation agriculture

In this study, water use efficiency and water productivity was
compared amongst different irrigation treatments aiming to opti-
mize the use of irrigation water. Irrigation for two times through-
out the cropping season of maize is sufficient to obtain desirable
sustainable yields (Table 6 and Fig. 4). CA practice is designed in
such way to improve water efficiency in water deficit agriculture
which is evaluated by judicious use of water and efficient tillage
practices, simultaneously (Rockstrom et al., 2009, Sultan et al.,
2017). In most of the arid agriculture, the rainfall was irregular;
so, CA will be recognized for yield increment by the optimum
use of limited water resources. Cereals, like maize cultivated in
CA schemes, are able to tolerate the physical stress (drought) and
other yield deteriorating situations (Thierfelder and Wall, 2009;
Sun et al., 2018). Despite the fact that, this could fluctuate with
the outcomes of lengthy-term yield balance analysis of numerous
CA research which confirmed that, no-tillage exercise can balance
the consequences of drought (Rusinamhodzi et al., 2011). Aug-
mented available soil moisture at early growing time offers a buffer
against primary season dry periods and is a key provider to yield
prospective for water deficit dry environments (Chenu et al.,
2011; Uwizeyimana et al., 2018).

4.3. CO2 emission and environmental sustainability

Emission of greenhouse gases, especially CO2 emission is a
major environmental issue in case of traditional tillage practices.
The use of the power tiller with diesel fuel is the main cause of
the emission of CO2 from tillage operations. CA practices reduce
the number of tillage and irrigation consequently reduces the fuel
consumption. As a result, ZT and MT treatment with optimum irri-
gation emit the considerably lower amount of CO2, thus confirms
the eco-friendly condition of the environment as compared to
farmers practice (FP). Scant information is available on the com-
parison of emission of greenhouse gases like CO2. Early observation
(Abdalla et al., 2016) indicates, the emission of 21% higher CO2 in
conventional tillage as compared to untilled soils in case of the
dry climate and course textured soils. Moreover, conventional til-
lage disrupts the upper curst soil aggregates and render the release
of higher CO2 through the exposing organic matter to microbial
decay (Six et al., 2002) and the CO2 release may be rendered by
mechanization of tillage as compared to conservation tillage and
no tillage (Pezzuolo et al., 2017). In our observation, as per best
of our knowledge, the emission of CO2 due to machinery and fuel
use was first reported in CA practice in contrast to farmers practice
in the red brown soil of Bangladesh.

In contrast, some studies (Liu et al., 2006; Venterea and
Stanenas, 2008) revealed that greater emission of greenhouse
gases like N2O in conservation tillage as compared to conventional
tillage, when N fertilizer was applied near surfaces. So, intensive
further research is needed along with the current study to confirm
the effect of CA techniques on emissions of greenhouse gases.

4.4. Economic analysis

In case of small and medium farming field, the yield or benefit
cost ratio and net economical return or marginal productivity are
suitable indicators for assessing or comparing the performance in
yearlong trend experiment in CA technique (Jat et al., 2014). High
production values with great yields have significant effects for the
crop management for attaining efficient use of water resources in
water shortage areas. Achieving better yields with increased pro-
ductivity is become cost-effective when the higher yield is not
affected by expanded costs of different inputs (Oweis and
Ahmed, 2006). Early researchers (Gathala et al., 2011; Singh
et al., 2016, Das et al., 2018) indicated that, the greater yields,
incomes, and saving in the cost of production for cultivation with
conservation tillage and rational water uses for irrigation purpose.
The judicious and optimum tillage and irrigation is beneficial to
sustain the economic viability in our study also supported by many
previous researchers and their coworkers (Bhushan et al., 2007; Jat
et al., 2013; Laik et al., 2014, Uwizeyimana et al., 2018). Thus CA
along with judicious water management can be treated as econom-
ically viable techniques for establishment as sustainable agricul-
tural approach.

5. Conclusion

Cost of production for maize cultivation largely depends on the
supply of irrigation water and tillage practices. An extreme short-
age of irrigation water occurs in Bangladesh at dry season (Rabi
cropping season) so, the valuable water saving approach and
rational use of water are vital in agricultural research. From the
above discussion of our study, it can be revealed that intensive til-
lage has no significant effect on maize yields and yield contributing
characters. The minimum amount of irrigation water was required
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in Zero (T1) tillage and Minimum tillage (T2) treatments. Fuel
requirements are also less in these approaches compared to tradi-
tional practice. But, due to the lower yield as compared to the other
treatments, zero tillage approach is not well accepted by research-
ers for the safe of farmers’ profitability.

The maximum amount of yield was found in traditional tillage
practices (T3). But, this traditional intensive tillage, consumes the
highest amount of fuel and irrigation water, causing the emission
of the higher amount of carbon dioxide. Thus, the lowest BCR
and the lowest net return were found in T3 tillage treatment. As
per scientific, statistical, and economic point of view, the farmer’s
traditional practice is not sustainable. The higher yields, higher
BCR, and higher net return were found in T2 (minimum tillage)
treatment. MT treatment consumed the least amount of fuel
resulting in the minimum amount of carbon dioxide was emitted
from this treatment. Considering the parameters of sustainability,
MT with two times irrigation will be the best CA approach for
maize cultivation in the red brown terrace soil of Bangladesh.
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