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Abstract: Sub-Saharan Africa (SSA) agriculture is characterized by dependence on erratic rainfall,
inadequate conservation practices, and a decline in soil fertility resulting in low crop productivity.
Therefore, conservation agriculture (CA) has been proposed as an alternative to improve soil fertility
and productivity. Hence the aim was to investigate the effects of tillage systems, fertilization, and
cropping patterns on selected soil chemical properties (pH, organic carbon, total nitrogen, extractable
phosphorus, exchangeable cations, and cation exchange capacity) and identify which cropping pattern
maximizes stover and grain maize–legume productivity and land use. A two-year (2016/17–2017/18)
field experiment in a loamy sand soil was conducted at Nhacoongo Research Station, southern
Mozambique. Two tillage systems (conservation (CA) and conventional tillage (CT)), two fertilization
treatments (fertilized and unfertilized), and seven cropping patterns (four sole crops and three
maize–legume intercrops) were evaluated in a randomized complete block design with split–split
plot arrangement and replicated four times. CA practices resulted in significantly higher soil chemical
properties and increased stover and grain yields as compared to CT practices, but fertilization
demonstrated insignificant effects on soil chemical properties and significant influences on stover and
grain yield of maize and legumes. Cropping patterns induced no significant effect on soil chemical
properties and either stover or grain yield. Estimated indices like land equivalent ratio (1.18–2.67) and
competitive ratio index (0.01–1.72) confirmed the advantage of intercropping against sole cropping.
This is largely supported by the estimated values of aggressivity and relative crowding coefficient.
Smallholder farmers can therefore benefit by adopting CA.
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1. Introduction

published maps and institutional affil-

The continued use of unsuitable crop management practices in most sub-Saharan
Africa (SSA) countries has caused a decline in soil fertility, contributing to lower yields
and impairing food security [1,2]. There is a need to develop and establish sustainable
alternative technologies to improve soil fertility and crop productivity. Conservation agriculture (CA) practices were proposed to overcome these production constraints, minimize
the impacts of drought and improve crop productivity [3,4]. Conservation agriculture is
defined by integrating three principles, namely minimal soil disturbance, crop residue
retention, and crop diversification through rotation or intercropping [4,5]. Such principles
are trusted to promote the physical, chemical, and biological properties of the soil, which is
perceived by increased crop productivity. The CA practices are being proposed as a feasible
method for improving soil quality by increasing organic carbon (OC) and cation exchange
capacity (CEC), reducing total nitrogen (N) loss through the decomposition of organic

iations.
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matter [6], and increasing exchangeable cations [7]. In Ghana, a maize yield of 2.0 tonnes
per hectare (t ha−1 ) was obtained in no-tillage, which was higher than the 1.4 t ha−1 in
conventional tillage in a two-year study [8]. No-tillage in India also caused a significant
positive impact on maize yields compared to conventional practices [9].
Soil fertility degradation is one of the main reasons for low productivity in maize-based
cropping systems. Degraded soil can be recovered by amelioration with external inputs [10]
and the positive relationship between fertilizer and crop yields is well established. However,
smallholder farmers are resource-poor and the cost of inorganic fertilizer, as well as the
scarce availability of organic fertilizers, restrict fertilization. The alternative is the adoption
of other practices, such as maize and legume intercropping that promotes soil N fertility
recovery and increases crop productivity. Intercropping is the cultivation of two or more
crops planted simultaneously in the same field that provides the possibility of yield benefit
compared to sole cropping [11]. The yield benefit is ascribed to the more efficient use of
resources such as water, nutrients, and solar energy [12].
The practice of cereal and legume intercropping is considered the best alternative for
the sustainability of the smallholder farming system, improving soil chemical properties,
reducing the use of inorganic fertilizers, and increasing land-use efficiency contributing to
increased crop yields [12]. The inclusion of legumes, through their biological N fixation,
provides more significant amounts of N remobilized to the soil for the current and next crop,
thus maintaining soil fertility levels and increasing P mobilization [13]. Increased maize
yield in Ghana was reported when maize was intercropped with pigeon pea (7.0 t ha−1 )
as compared to sole maize cropping (2.0 t ha−1 ) [14]. Accumulated crop residues from
legumes present in intercropping provide higher production of dry matter, which promotes
changes in soil quality by increasing organic matter and improving the carbon to nitrogen
(C:N) ratio. The selection of a suitable legume in a maize–dominated system is critical for
increasing N fixation and biomass production.
For smallholder farmers, legumes, with their adaptability to different cropping patterns and their ability to fix N, may offer opportunities to sustain and even improve cereal
productivity like maize [14,15]. Legumes, both sole and as an intercrop with cereals, have
been advocated not only for yield augmentation but also for maintenance of soil quality,
particularly in degraded soil [16]. The estimation of competition indices is often used to
evaluate the behavior of component crops in intercropping systems [17]. Indices of this
nature included inter alia land equivalent ratio (LER: indicating the amount of interspecific competition in an intercropping system), aggressivity index (A: comparing the yields
between intercropping and sole cropping), relative crowding coefficient (K: showing the
competitive ability of one species to the other in an intercropping system), and competitive
ratio (CR: evaluating which one crop competes with the other in an intercropping system).
In Mozambique, the average maize yield is less than 1.5 t ha−1 of the estimated potential of 5 t ha−1 [18] on fields smaller than 2 ha [15,19], thus emphasizing a considerable yield
gap. Here, research about the effect of the tillage system, fertilization, and cropping pattern
alone on maize and legume stover and grain yield [3,20] and soil physical properties [21]
have been conducted. However, there is a paucity of information concerning the combined
effects of tillage system, fertilization, and cropping pattern on soil chemical properties,
maize and legume stover and grain yield, as well as competition indices of intercropping
systems. Therefore, the objective of this work was to evaluate the impact of tillage systems,
fertilization, and cropping patterns, and their interaction on selected soil chemical properties, maize stover, and grain yield, and competition indices of intercropping systems in
loamy sand soil of Mozambique.
2. Material and Methods
2.1. Site Description
This study was conducted at the Nhacoongo Research Station experimental farm of
the Agricultural Research Institute of Mozambique (IIAM). Nhacoongo Research Station is
located in Inharrime District (Inhambane Province) along the coastal zone, in the southern
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2.2. Experimental Design and Treatments
2.2. Experimental Design and Treatments
A two-year (2016/17–2017/18) cropping field experiment was conducted under rainA two-yearto(2016/17–2017/18)
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on selected soil chemical properties and on stover and grain yield of maize and legumes
cultivated either in a sole or intercrop system. The experimental design was a randomized
complete block design with a split–split plot arrangement, replicated four times. Two tillage
systems were applied in the main plots (conservation (CA) and conventional (CT) tillage),
seven cropping patterns in the sub plots (four sole croppings and three intercroppings), and
two fertilization rates in the sub-sub plots (fertilized and unfertilized) (Table 1). Main plots
(tillage system) dimensions were 26.0 m × 31.5 m (819 m2 ), sub plots (cropping pattern)
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dimensions were 5.0 m × 4.5 m (22.5 m2 ), and sub-sub plot (fertilization) dimensions were
5.0 m × 2.25 m (11.25 m2 ).
Table 1. Details of treatments applied at the Nhacoongo experimental site.
Tillage System

Nr
1
2
3
4
5
6
7
1
2
3
4
5
6
7

Conservation Tillage (CA)

Conventional Tillage (CT)

Fertilization

Cropping Pattern *

Cropping Pattern

Fertilized

Sole maize *
Sole groundnut
Sole pigeon pea
Sole cowpea
Maize − groundnuts intercropping
Maize − pigeon pea intercropping
Maize − cowpea intercropping

Sole maize
Sole groundnuts
Sole pigeon pea
Sole cowpea
Maize − groundnuts intercropping
Maize + pigeon pea intercropping
Maize − cowpea intercropping

Unfertilized

Sole maize
Sole groundnuts
Sole pigeon pea
Sole cowpea
Maize − groundnuts intercropping
Maize − pigeon pea intercropping
Maize − cowpea intercropping

Sole maize
Sole groundnuts
Sole pigeon pea
Sole cowpea
Maize − groundnuts intercropping
Maize − pigeon pea intercropping
Maize − cowpea intercropping

* Crops variety planted: maize (Zea mays L.)—Matuba; cowpea (Vigna unguiculata L.)—IT16; groundnut (Arachis
hypogaea L.)—JL24; pigeon pea (Cajanus cajan L.)—005540 .

After harvesting, the CA plots (819 m2 ) were not disturbed at all and, therefore, at least
30% of the crop residues remained on the soil surface. Glyphosate was applied at a rate
of 2.5 L ha−1 two weeks before planting. In the CT plots (819 m2 ), the crop residues were
removed after harvesting and plowing to mimic animal grazing. For seedbed preparation,
the soil was hand hoed to a depth of approximately 150 mm. Post-emergence weeds were
controlled with hand hoeing. Over the two years of the study, the treatments were applied
to the same plots, which had buffer zones of 5.0 m between the tillage systems, 2.0 m
between blocks, and 1.0 m within plots.
Sub plots (22.5 m2 ) within which cropping pattern was studied consisted of four sole
crops (maize, pigeon pea, cowpea, and groundnut) and three maize–legume intercrops
(maize–pigeon pea, maize–cowpea, and maize–groundnut). Maize–pigeon pea seed was
sown at the recommended spacing of 75 cm between rows and 30 cm within rows, while
other legumes varied from 50 cm × 30 cm for common beans, cowpea, and groundnut and
50 cm × 10 cm for soybean. Maize and legumes were sown simultaneously as a sole crop
or intercropped in alternate rows. Two seeds were sown per hill and thinned to one five
days after emergence.
The response of the soil to either the tillage system or cropping pattern with and
without fertilization was studied in the sub-sub plots (11.25 m2 ). At planting, an NPK
(12:24:12) fertilizer mixture was applied at 300 kg ha−1 and 150 kg ha−1 for maize and
legumes, respectively. The maize was top-dressed with urea (46% N) at the recommended
rate of 200 kg ha−1 . Legumes received no top dressing and were not inoculated.
2.3. Soil Sampling and Analysis
Soil samples were taken from 0–5 cm depths at six points on each sub plot and mixed
thoroughly to provide a representative sample of each sub plot, i.e., a total of 112 composite
soil samples for the two tillage systems (56 samples for CA practices + 56 samples for
CT practices). Changes in soil chemical properties within two years are most likely to
manifest in this layer, which was defined as the pedoderm [24]. The samples were air-dried
and sieved through a 2 mm sieve and then analyzed in the soil science laboratory of the
University of the Free State, South Africa. Soil samples were analyzed following standard
procedures [25]: pH in 1:2.5 soil and water suspension, organic C by Walkley-Black wet
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combustion, total N by Kjeldahl digestion and distillation, and extractable P Olsen soil
test. Exchangeable cations (Ca, Mg, K, and Na) and cation exchange capacity (CEC) were
determined using ammonium acetate (NH4 OAc) buffered at pH 7 extraction.
2.4. Stover and Grain Yield Determination
At harvesting, the stover and grain yield of the crops were determined from an area of
11.25 m2 per sub-sub plot. Plants were cut at ground level and sun-dried until the moisture
content of the grain reached 12.5%, measured with a moisture meter. The cobs of maize and
pods of legumes were threshed, and the grain and stover were weighed. Both the stover
and grain yields were converted to tonnes per hectare (t ha−1 ).
2.5. Competition Indices
Equations (1)–(5) were suggested by [17] to calculate the land equivalent ratio, aggressivity, relative crowding coefficient (maize–legume), relative crowding coefficient
(legume–maize), and competitive ratio, respectively.
LER( T ) = LER(m) + LER(l ) =

Y (im)
Y (il )
+
Y (sm) Y (sl )

Y (il )
Y (im)
−
Y (sm) × Z (im)
Y (sl ) × Z (il )


Y (im) × Z (l )
K ( ML) =
Y (sm) − Y (im) × Z (m)


Y (il ) × Z (m)
K ( LM ) =
Y (sl ) − Y (il ) × Z (l )

A( ML) =

CR( M) =

Y (im)
Y (sm)× Z (m)
Y (il )
Y (sl )× Z (l )

(1)

(2)
(3)
(4)

(5)

where LER(T) is the total land equivalent ratio, A(ML) is the aggressivity index of maize
relative to that of the legume crop, K(ML) is the relative crowding coefficient index of maize
against the legume crop, K(LM) is the relative crowding coefficient index of the legume
crop against maize, and CR(M) is the competition ratio index of maize against the legume
crop. The other components in the equations represent inter alia the following: LER(m) is
maize partial LER and LER(l) is the legume crop partial LER, Y(im) and Y(il) are yields of
maize and the legume crop in intercropping, Y(sm) and Y(sl) are yields of maize and the
legume crop in sole cropping, and Z(im) and Z(il) are the proportions of the area occupied
by maize and the legume crop.
The interpretation of the competition indices is based on specified criteria. A LER(T)
value of >1 indicates intercropping advantage over sole cropping [16], while a A(ML)
value >0 indicates maize was more aggressive than the legume crop [17]. Maize is more
competitive than the legume crop when K(ML) is larger than K(LM) and vice versa [11]. A
CR(M) value >1 indicates that maize is more competitive than the legume crop [16].
2.6. Data Processing
The data were analyzed statistically using analysis of variance (ANOVA) in the XLSTAT v 17.3 [26] statistical software for Excel. Treatment means were separated by Tukey’s
multicomparison test, and differences were reported at a 5% probability level. The interaction effects between tillage system, fertilization, and cropping pattern were given separately
only for those attributes that were significantly influenced. Indices of competition between
crops were calculated with grain yield data using the equations given earlier.
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3. Results
3.1. Soil Chemical Properties
3.1.1. pH
Tillage practices only significantly (p ≤ 0.05) affected pH, with a higher pH under CA
(5.93) than CT (5.45) (Table 2). Only the tillage system by fertilization, as well as the tillage
system by cropping pattern interactions, significantly affected pH (p ≤ 0.05).
Table 2. Effect of tillage practices, fertilization, and cropping pattern on selected soil chemical
properties at Nhacoongo.
pH

C

N

C:N

%

P
mg

Ca

Mg

kg−1

K

Na

CEC

cmol·kg−1

Tillage system
CA
CT
HSD

5.93 a
5.45 b
0.07

0.74 a
0.50 b
0.06

0.08 a
0.05 b
0.01

9.13
10.27
ns

14.71 a
9.84 b
2.71

1.76 a
1.06 b
0.14

0.83 a
0.46 b
0.05

0.29 a
0.25 b
0.03

0.27 b
0.37 a
0.03

5.94 a
3.25 b
0.57

5.69
5.69
ns

0.63
0.61
ns

0.07
0.07
ns

9.82
9.56
ns

14.10 a
10.44 b
2.71

1.39
1.43
ns

0.64
0.66
ns

0.28
0.26
ns

0.32
0.32
ns

4.76
4.42
ns

5.63
5.78
5.75
5.74
5.67
5.65
5.63
ns

0.64
0.63
0.60
0.64
0.62
0.63
0.60
ns

0.07 ab
0.08 a
0.07 ab
0.07 ab
0.06 b
0.07 ab
0.07 ab
0.02

11.46
8.31
8.90
9.68
10.77
9.70
9.06
ns

12.19
13.04
10.83
10.27
15.80
12.06
11.71
ns

1.59
1.42
1.44
1.28
1.42
1.32
1.42

0.71
0.65
0.68
0.61
0.61
0.64
0.65
ns

0.30
0.27
0.27
0.30
0.25
0.24
0.26
ns

0.35
0.31
0.32
0.30
0.31
0.30
0.33
ns

4.69
4.39
4.64
4.97
4.62
4.69
4.14
ns

TS × Fertilization
TS × CP
CP × Fertilization

s
s
ns

s
s
ns

s
s
ns

ns
ns
ns

s
s
s

s
s
ns

s
s
ns

ns
ns
ns

s
s
ns

s
s
ns

CV (%)

3.27

23.57

22.28

31.86

58.74

25.50

21.22

33.08

26.64

32.95

Fertilization
Fertilized
Unfertilized
HSD
Cropping pattern
Ppea
Cpea
Gnuts
M_Cpea
M_Gnuts
Maize
M_Ppea
HSD
Interaction

CA, conservation tillage practices; CT, conventional tillage practices; TS, tillage system; CP, cropping pattern,
s, significant; ns, not significant; Ppea, sole pigeon pea; Gnuts, sole groundnut; Cpea, sole cowpea; Maize, sole
maize; M_Ppea, maize–pigeon pea intercrop; M_Cpea, maize–cowpea intercrop; M_Gnuts, maize–groundnut
intercrop; Means followed by different letters within a column are statistically significantly different at p ≤ 0.05.

3.1.2. Organic Carbon
The tillage system only had a significant effect on OC (Table 2). Organic C was higher
under CA (0.74%) compared to CT (0.50%). Similar to pH, the tillage system and fertilization
interaction, as well as the tillage system and cropping pattern interaction, significantly
influenced OC.
3.1.3. Total Nitrogen
Total N was significantly (p ≤ 0.05) affected by the tillage system and cropping pattern,
while fertilization had no significant influence on total N (Table 2). A higher total N was
observed under CA (0.08%) as compared to CT (0.05%).
The interaction effects between the tillage system and fertilization, as well as the
interaction effects between the tillage system and cropping pattern, had a significant
influence on total N, and the values ranged from 0.04% to 0.09%, while the interaction
effects between fertilization and cropping pattern had no significant influence on total N.
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3.1.4. Carbon: Nitrogen Ratio
The effect of the tillage system, cropping pattern, and fertilization alone on C:N ratio
was not significant (Table 2). The interaction effects had a significant influence on the
C:N ratio.
3.1.5. Extractable Phosphorus
The extractable P content was influenced by the tillage system and fertilization but
not by the cropping pattern (Table 2). Higher values of extractable P were found under
CA (14.7 mg kg−1 ) than under CT (9.8 mg kg−1 ). Fertilized soil had higher extractable P
(14.1 mg kg−1 ) than unfertilized soil (10.4 mg kg−1 ).
The interactions of tillage system and fertilization, fertilization and cropping pattern,
and tillage system and cropping pattern had significant effects on extractable P with values
ranging from 6.5 mg kg−1 to 21.1 mg kg−1 .
3.1.6. Exchangeable Cations
The concentrations of the exchangeable cations (Ca, Mg, K, and Na) were significantly
affected by the tillage system only (Table 2). Higher values of Ca, Mg, and K under CA
(1.76, 0.83, and 0.29 cmol kg−1 , respectively) than under CT (1.06, 0.46, and 0.25 cmol kg−1 ,
respectively) were recorded. Noteworthy, exchangeable Na was higher (0.37 cmol kg−1 )
under CT than CA (0.27 cmol kg−1 ).
The interaction between the tillage system and fertilization, as well as the interaction
between the tillage system and cropping pattern, had a significant influence on exchangeable Ca, Mg, and Na concentrations, while no significant interaction effects on exchangeable
K concentration were recorded.
3.1.7. Cation Exchange Capacity
Cation exchange capacity was influenced by the tillage system, and higher values were
observed under CA (5.94 cmol kg−1 ) than under CT (3.25 cmol kg−1 ) (Table 2). Fertilization
and cropping patterns had no significant effects on CEC.
The interaction effects between the tillage system and fertilization, as well as the
tillage system and cropping pattern, were significant, with CEC values ranging from
2.44 cmol kg−1 to 7.06 cmol kg−1 while no significant influences were recorded for the
interaction effect between fertilization and cropping pattern with CEC values varying from
3.69 cmol kg−1 to 5.15 cmol kg−1 .
3.2. Maize Stover and Grain Yield
3.2.1. Stover Yield
Stover yield across the two cropping seasons was significantly influenced by the tillage
systems, cropping pattern, fertilization, and their two-way interaction effects (Table 3).
Among the tillage systems for the 2016/17 and 2017/18 cropping seasons, a higher stover
yield was obtained under CA (3.02 and 3.80 t ha−1 ) compared to CT (1.76 t ha−1 and
2.73 t ha−1 ). Higher stover yields were realized with the fertilized treatments (2.71 t ha−1
and 3.74 t ha−1 ) than with the unfertilized treatments (2.08 t ha−1 and 2.79 t ha−1 ) in both
cropping seasons. Across cropping patterns, the highest stover yield in the first season was
recorded with maize–groundnut intercropping (3.84 t ha−1 ). In the second cropping season,
the highest stover yield was observed with maize–cowpea intercropping (5.67 t ha−1 ). The
lowest stover yield was obtained with sole groundnut for the first (0.51 t ha−1 ) and second
(1.70 t ha−1 ) cropping seasons.
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Table 3. Treatments effects of tillage, fertilizer, and cropping pattern on maize grain yield
at Nhacoongo.
Description

Stover (t ha−1 )

Grain (t ha−1 )

Tillage system

2016/17

2017/18

2016/17

2017/18

CA
CT
L.S.D.

3.02 a
1.76 b
0.34

3.80 a
2.73 b
0.64

1.32 a
0.81 b
0.22

1.48 a
1.38 a
0.29

2.71 a
2.08 b
0.34

3.74 a
2.79 b
0.64

1.25 a
0.87 b
0.22

1.75 a
1.11 b
0.29

3.02 a
1.42 b
0.51 b
1.32 b
3.13 a
3.83 a
3.51 a
0.97

2.84 bc
2.46 bc
1.70 c
2.97 bc
5.67 a
3.29 bc
3.93 ab
1.82

1.30 ab
0.86 b
0.11 c
0.85 b
1.42 ab
1.19 ab
1.70 a
0.64

2.04 a
0.81 b
0.64 b
0.79 b
1.90 a
1.99 a
1.83 a
0.83

Tillage system × fertilization

s

s

s

s

Tillage system × cropping pattern

s

s

s

s

Fertilization × cropping pattern

s

s

s

s

CV (%)

37.99

52.06

56.06

54.45

Fertilization
Fertilized
Unfertilized
L.S.D.
Cropping pattern
Maize
Cpea
Gnut
Ppea
M_Cpea
M_Gnut
M_Ppea
L.S.D.
Interaction

CA, conservation agriculture; CT, conventional tillage; Ppea, sole pigeon pea; Gnut, sole groundnut; Cpea, sole
cowpea; M_Ppea, maize–pigeon pea intercropping; M_Cpea, maize–cowpea intercropping; M_Gnut, maize–
groundnut intercropping; Means followed by different letters within a column were statistically significant at
p ≤ 0.05.

In the interaction between the tillage system and fertilization, the highest stover yield
was observed in the fertilized plots under CA (3.42 t ha−1 in 2016/17 and 4.23 t ha−1 in
2017/18), and the lowest stover yield in unfertilized plots under CT (1.54 t ha−1 in 2016/17
and 2.21 t ha−1 in 2017/18). The CA plots had significantly higher stover yields than the
CT plots when either fertilized or unfertilized for both cropping seasons.
In the interaction between tillage and cropping pattern, the highest values were
recorded in the maize–groundnut intercropping and maize–cowpea intercropping systems
(5.34 t ha−1 and 5.97 t ha−1 , respectively, under CA), and the lowest values in the sole
groundnut system (0.32 and 1.48 t ha−1 , respectively, under CT) across both seasons.
In the interaction between cropping pattern and fertilization, stover yield was highest in maize–groundnut intercropping and maize–cowpea intercropping when fertilized
(4.19 t ha−1 and 6.39 t ha−1 in 2016/17 and 2017/18, respectively) and lowest in unfertilized
sole groundnut (0.47 t ha−1 and 1.46 t ha−1 in 2016/17 and 2017/18, respectively).
3.2.2. Grain Yield
During the two cropping seasons, the tillage system, cropping pattern, fertilization
and their two-way interaction effects showed significant differences in grain yield (Table 3).
However, the Tillage system alone significantly influenced grain yield only in 2016/17.
Grain yield was greater under CA (1.32 t ha−1 and 1.48 t ha−1 ) than under CT (0.81 and
1.38 t ha−1 ) in 2016/17 and 2017/18, respectively. Higher grain yields were recorded in
fertilized plots (1.25 t ha−1 and 1.75 t ha−1 ) than in unfertilized plots (0.87 t ha−1 and
1.11 t ha−1 ) in both cropping seasons. Across cropping pattern, the highest grain yields
were recorded with maize–pigeon pea intercropping (1.70 t ha−1 ) in the first cropping
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season and sole maize (2.04 t ha−1 ) in the second cropping season, while the lowest grain
yields were recorded with sole groundnut (0.11 t ha−1 and 0.64 t ha−1 ) across the two
cropping seasons, respectively.
The highest grain yields among fertilization by tillage system interaction were recorded
on fertilized plots under CA (1.52 t ha−1 and 1.86 t ha−1 ) in both cropping seasons. On the
other hand, the lowest grain yields were observed in unfertilized plots (0.63 t ha−1 ) under
CT in the first cropping season and unexpectedly under CA (1.10 t ha−1 ) in the second
cropping season.
For the interaction between the tillage system and cropping pattern, grain yield was
highest in maize–pigeon pea intercropping (2.01 t ha−1 ) in the first cropping season and
sole maize (2.29 t ha−1 ) in the second cropping season, under CA. This was followed by
maize–cowpea intercropping under CA (1.80 t ha−1 ) in the first cropping season and maize–
groundnut intercropping under CT (2.18 t ha−1 ) in the second cropping season. However,
the lowest grain yield was observed in maize–groundnut intercropping (0.04 t ha−1 ) under
CT, and unexpectedly, in the second cropping season, the lowest grain yield was observed
in maize–groundnut intercropping (0.32 t ha−1 ) under CA.
The interaction between CA by intercropping recorded higher grain yields compared
with CT by intercropping for both cropping seasons, with the exception of CT by maize–
groundnut intercropping during the second cropping season. There was no clear trend
between the interactions of the tillage system by sole cropping on grain yield in both
cropping seasons.
The interaction between fertilization and cropping pattern gave the highest grain
yields in maize–pigeon pea and maize–cowpea intercropping for fertilized plots, namely
1.87 t ha−1 and 2.54 t ha−1 in 2016/17 and 2017/18, respectively. This was followed by
unfertilized sole maize with 1.57 t ha−1 in 2016/17 and 2.49 t ha−1 in 2017/18. The lowest
grain yield was recorded in unfertilized sole groundnut (0.10 t ha−1 and 0.56 t ha−1 ) in
both cropping seasons. The interaction between fertilization and intercropping pattern
showed a clearer trend compared to fertilization and sole cropping pattern in both cropping
seasons. Higher grain yields were obtained from fertilized plots under intercropping than
from unfertilized plots under intercropping.
3.3. Competition Indices
3.3.1. Land Equivalent Ratio (LER)
In general, LER values with both intercropping patterns were greater than 1.0, which
indicates a higher efficiency due to intercropping patterns on the production of grain over
sole cropping, irrespective of fertilization and tillage practice (Table 4). The LER values
recorded with maize and pigeon pea (2.01 and 1.72) as well as maize and groundnut (2.19
and 2.30) intercropping were consistently higher under CT, while for maize and cowpea
(2.45 and 2.34), the LER values were greater under CA, either fertilized or not in both
cropping seasons.
3.3.2. Aggressivity Index (A)
Values of A, indicating the aggressivity of maize to a legume, are summarized for
all treatment combinations in Table 4. In 2016/17, A values exceeded 0 for intercropping
of maize and pigeon pea under CA, and for maize and groundnut under CT despite
fertilization or not. The dominance indicated that CA practices were more appropriate
for maize and pigeon pea combination, while CT practices favored maize and groundnut
intercropping, either fertilized or not.
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Table 4. Land equivalent ratios and aggressivity indices for intercropping of pigeon pea (P), cowpea
(C), and groundnut (G) with maize (M) as affected by tillage practices and fertilization at Nhacoongo.

Year

Tillage

CA
2016/17
CT
CA
2017/18
CT
CA
Mean
CT

Fertilization

Land Equivalent Ratio

Aggressivity Indices

Intercropping System

Intercropping System

M-P

M-C

M-G

M-P

M-C

M-G

yes
no
yes
no

1.47
1.57
1.93
1.74

2.24
2.67
1.84
1.95

2.44
2.02
2.47
2.33

0.7
0.15
−0.05
−0.95

−1.18
−1.9
−0.48
−0.6

−0.91
−0.62
1.98
1.6

yes
no
yes
no

1.74
1.18
2.09
1.7

2.65
2.01
2.37
1.86

1.71
1.8
1.91
2.26

−0.61
−0.98
−2.83
−1.72

−1.94
−3.64
−5.4
−4.15

−2.34
−2.03
−0.79
0.4

yes
no
yes
no

1.61
1.38
2.01
1.72

2.45
2.34
2.11
1.91

2.08
1.91
2.19
2.3

0.04
−0.41
−1.43
−1.33

−1.56
−2.77
−2.94
−2.37

−1.62
−1.33
0.59
1

M-P = maize–pigeon pea, M-C = maize–cowpea, M-G = maize–groundnut.

3.3.3. Relative Crowding Coefficient (K)
The K values for each crop in each of the three intercropping systems are given
in Table 5. Referring to K values of all intercropping concerning maize and cowpea
intercropping, maize values were greater than those of cowpea, but in the maize and
pigeon pea as well as maize and groundnut, no clear trend was observed. In all the other
cropping systems, maize was more dominant than cowpea. However, groundnut and
pigeon pea was more competitive than maize, except under CT when fertilized.
Table 5. Relative crowding coefficients and competitive ratios for maize (M), pigeon pea (P), cowpea
(C) and groundnut (G) for intercropping systems as affected by tillage practices and fertilization
at Nhacoongo.

Year

Tillage

Relative Crowding Coefficients

Competitive Ratios

Intercropping System

Intercropping System

Fertilization
M-P

CA
2016/17
CT
CA
2017/18
CT
CA
Mean
CT

M-C

M-G

M-P

M-C

M-G

yes
no
yes
no

−4.32
−0.83
−0.49
−0.84

1.12
−0.65
0.28
−3.43

0.2
−0.03
0.09
−0.41

0.11
−1.01
−1.35
0.62

−0.98
−0.25
−4.71
−0.39

−1.96
0.13
−4.3
−2.74

1.72
2.16
1.2
0.36

0.49
0.53
0.86
0.73

1.67
1.62
1.18
0.43

yes
no
yes
no

−1.54
0.72
−0.76
1.08

−1.92
1.96
−2.92
−1.34

0.92
0.26
0.22
0.04

0.24
−2.5
−1.01
−3.73

−0.22
−0.25
−1.02
0.12

1.92
1.2
0.63
1.69

0.86
0.5
0.56
0.63

0.58
0.12
0.09
0.02

0.42
0.42
1.3
1.33

yes
no
yes
no

−2.93
0.06
−0.63
0.12

−0.4
0.66
−1.32
−2.39

0.56
0.12
0.16
−0.19

0.18
−1.76
−1.18
−1.55

−0.6
−0.25
−2.87
−0.14

−0.02
0.67
−1.84
−0.55

1.29
1.33
0.88
0.5

0.54
0.32
0.48
0.38

1.04
1.02
1.24
0.88

M = maize, P = pigeon pea, C = cowpea, G = groundnut, M-P = maize–pigeon pea, M-C = maize–cowpea,
M-G = maize–groundnut.

3.3.4. Competitive Ratio (CR)
The CR values for maize relative to the three legumes are presented in Table 5. Maize
was more competitive than pigeon pea and groundnut under CA, irrespective of fertilization or not, as the mean CRs for 2016/17 and 2017/18 exceeded 1, indicating its superior
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ability of competition as compared to the legume. This also applies to maize and groundnut
intercropping under CT when fertilized. On the other hand, the other intercropping systems
were less than 1 and revealed that the legume crops were more competitive than maize.
4. Discussion
4.1. Soil Chemical Properties
4.1.1. pH
The pH increased by 8.1% in CA as compared to CT, which agrees with other studies [27] with a significantly higher pH under minimum tillage (CA) as compared to CT.
These results suggest that applying CA practices would decrease soil acidity due to increased base cation concentrations which was the case in our study (with the exception of
Na). This implies that CA practices have the capacity to ameliorate soil acidity. After two
years, the difference in pH between the CA and CT tillage systems was small, being 0.48.
The pH varied insignificantly among the fertilization treatments and cropping patterns
alone. A similar result was reported [28], where fertilization of P had no significant changes
in pH. After two years, for the cropping pattern, increased pH of 2.6% was observed under
sole cowpea (5.78) as compared to sole pigeon pea (5).
The interaction between the tillage system and fertilization had a significant effect
on pH (P ≤ 0.05). Accordingly, CA in combination with fertilization (fertilized = 5.92 and
unfertilized = 5.95) increased pH levels compared to CT in combination with fertilization
(fertilized = 5.46 and unfertilized = 5.44). These findings agree with other studies [29],
namely a significant influence by the tillage system in combination with N fertilization on
pH, where higher values were recorded under CA than CT.
Significant interaction effects between the tillage system and cropping pattern on pH
were also evident. The pH was highest in sole cowpea under CA (6.01) and lowest in
maize–pigeon pea intercropping under CT (5.34). Interaction effects between fertilization
and cropping pattern were not significantly different.
4.1.2. Organic Carbon
The significant increase of 32.4% in OC in the CA plots as compared to CT practices
showed that CA practices might be effective, even in the short term. These findings agree
with those of other researchers [6,30], who reported higher OC under CA, which can be
attributed to no-tillage and the presence of crop residue that improved soil structure, alter
organic matter decomposition, and hence C mineralization. On the other hand, CT practices
contribute to increased loss of OM due to soil aeration. Fertilization and cropping pattern
factors alone had no significant effects on OC. It is noteworthy that no significant N and
P fertilization effects on OC were observed [28]. Although no significant effects were
recorded for cropping pattern, the highest OC was noted in sole pigeon pea and maize–
cowpea intercropping (0.64%) and the lowest under sole groundnut and maize–pigeon pea
intercropping (0.60%).
The results show that the tillage system and fertilization interactions do affect OC. CA
practices combined with fertilization (fertilized = 0.74% and unfertilized =0.73%) had higher
OC than CT practices combined with fertilization (fertilized = 0.51 and unfertilized = 0.49%).
Small differences between fertilized and unfertilized treatments in this interaction clearly
demonstrate that tillage practices are the main cause of OC gains or losses. The findings
corroborate with those of other investigators [31,32], who reported a significant influence
on OC by the interaction of the tillage system and N fertilization. A decrease in organic
matter under CT and N fertilization interaction was also reported [29].
Organic carbon was significantly influenced by the tillage system and cropping pattern
interaction. The highest OC (0.81%) was observed under CA with pigeon pea, while the
lowest OC (0.47%) was observed under CT with pigeon pea. These findings concur with
other researchers [33], showing significant interaction effects on OC in the surface soil layer,
with tillage systems and cropping patterns.
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4.1.3. Total Nitrogen
The CA practices tended to increase the total N (38%) as compared to CT, which is in
agreement with other studies. Several researchers [6,10,30] reported more total N under
CA as compared to CT due to increased accumulation of organic matter under CA that
contributed to increased N immobilization. For cropping patterns, the highest total N was
observed under sole cowpea (0.08%), while the lowest total N was observed under maize–
groundnut intercropping (0.06%). Results from field experiments [31] showed significant
cropping patterns (sole cropping and rotation) influence on total N in the surface soil layer
(0–10 cm). No significant response of total N was detected due to fertilization because the
application of inorganic N was minuscule compared to total soil N.
The interaction effect between the tillage system and fertilization favored total N.
The CA, either fertilized or unfertilized interactions, reported increased total N content
of 38% and 25% compared to fertilized versus unfertilized plots under CT, respectively.
Similar findings were reported [34], indicating a significant tillage system and fertilization
interaction influence on total N.
The interaction effects between the tillage system and cropping pattern had a significant influence on total N, and the values ranged from 0.04% to 0.09%.
4.1.4. Carbon: Nitrogen Ratio
Interestingly the C:N ratio did not show any differences between treatments or their
interactions. The relative increase of both C and N were very similar and explain why
differences were not observed. Other studies also found a lack of differences, even after
more than a decade of practicing CA [32].
4.1.5. Extractable Phosphorus
Changes in the amount of extractable P content occurred as a result of the tillage system
and fertilization but not by cropping pattern (Table 2). An increase (33%) in the amount of
extractable P in the soil from CA was noted over CT. Similar results were reported [10,34],
indicating significantly higher extractable P in the surface layer under CA as compared to
CT. The extractable P varied significantly (p > 0.05) among the fertilized and unfertilized
treatments, which agrees with other studies [10,28] where a significant N fertilization effect
on extractable P was observed. This was expected because of P fertilization. Despite that
cropping pattern had no significant effects on extractable P, maize–groundnut intercropping
had significantly higher extractable P (15.8 mg kg−1 ), and maize–cowpea intercropping
had the lowest extractable P (10.3 mg kg−1 ).
The level of extractable P in the soil was influenced by the interactions of the tillage
system and fertilization, fertilization and cropping pattern, and tillage system and cropping
pattern. The CA practices resulted in increased (50%) extractable P as compared to CT
practices when fertilized. In the surface layer, the interaction between the tillage system
and P fertilization increased extractable P [35]. For the interaction between the tillage
system and cropping pattern, the highest value of extractable P was observed in maize–
groundnut intercropping (21.1 mg kg−1 ) under CA, and the lowest value was noted in
maize–cowpea intercropping (6.5 mg kg−1 ) under CT. The interaction between fertilization
and cropping pattern resulted in the highest extractable P with maize–groundnuts intercropping (20.6 mg kg−1 ) and the lowest extractable P with maize–pigeon pea intercropping
(7.6 mg kg−1 ).
4.1.6. Exchangeable Cations
CA had the highest values of Ca, Mg, and K (1.76 cmol kg−1 , 0.83 cmol kg−1 , and
0.29 cmol kg−1 , respectively) over CT (1.06 cmol kg−1 , 0.46 cmol kg−1 , and 0.25 cmol kg−1 ,
respectively) and concurs with findings of other studies [7,27]. The low values of exchangeable Ca, Mg, and K observed for CT might be attributed to intensive tillage, which brought
less fertile subsoil to the surface layer, and also may be due to increased leaching [34]. However, exchangeable Na was reduced by 27% in CA over CT. Similarly, higher exchangeable
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Na under CT as compared to CA practices was also observed [36]. The fertilization and
cropping pattern alone did not influence the exchangeable cation concentrations (Table 2).
Compared to the exchangeable K in the soil, the application of fertilizer K was negligible.
Higher exchangeable cation values were also recorded in CA practices, either fertilized
or unfertilized, while no significant interaction effects on exchangeable K concentration
were recorded. This is consistent with the results from a 4-year study on Nitisols that
showed no significant tillage and N fertilization interaction effect on exchangeable K [34].
4.1.7. Cations Exchange Capacity
In our study, the soils under CA practices showed a 45% increase in CEC when
compared to CT (Table 2). The higher values of CEC under CA are associated with
greater organic matter accumulation under CA than CT, which is in agreement with similar
studies [27]. Neither fertilization nor cropping pattern alone impacted CEC significantly.
The interaction effects between tillage system and fertilization, tillage system, and
cropping pattern, tillage system, fertilization and cropping pattern were significant, with
CEC values ranging from 2.44 cmol kg−1 to 7.06 cmol kg−1 , while no significant effects
were recorded for the interaction effect between fertilization and cropping pattern with
CEC values varying from 3.69 cmol kg−1 to 5.15 cmol kg−1 .
4.2. Maize Stover and Grain Yield
4.2.1. Stover Yield
The effect of the tillage system, fertilization, cropping pattern, and their interaction
on stover yield across the two cropping seasons varied significantly (Table 3). For the
2016/17 and 2017/18 cropping seasons, stover yield increased by 42% and 28% under CA,
as compared to CT. Similar results were reported [37]; the higher stover yield under CA
tillage may be related to the presence of crop residue leading to more release of N in the
soil and a positive effect on C stock [5]. Crop residue retention prevents crusting, increases
water infiltration, and reduces evaporation leading to increased available water for crop
development resulting in higher stover yield. On the other hand, the higher stover yield
recorded under CA during the second cropping season indicates that crop residues added
before the first cropping season decomposed, resulting in higher organic matter under CA
than CT.
Higher stover yields of 32% were realized with the fertilized than with the unfertilized
treatments in both cropping seasons. Similar results were reported for other studies [9,38].
A positive stover yield response to the cropping pattern was recorded in the first season
with maize–groundnut intercropping (3.84 t ha−1 ), which was 26% greater compared
to sole maize. In the second cropping season, the highest stover yield was observed
with maize–cowpea intercropping (5.67 t ha−1 ), representing a 100% increase compared
to sole maize. The lowest stover yield was obtained with sole groundnut for the first
(0.51 t ha−1 ) and second (1.70 t ha−1 ) cropping seasons. The presence of legumes in an
intercropping system with maize generally improved stover yield as compared to any sole
cropping system. Furthermore, sole legume cultivation resulted in a very low stover yield.
The above-mentioned stover yield improvement with intercropping systems also relates
favorably with the findings of other studies [39,40]. These results confirm the beneficial
effect of intercropping legumes with maize in terms of biological nitrogen fixation and
water availability through canopy cover [12].
The highest stover yield was observed in fertilized plots under CA (3.42 t ha−1 in
2016/17 and 4.23 t ha−1 in 2017/18), and the lowest stover yield in unfertilized plots under
CT (1.54 t ha−1 in 2016/17 and 2.21 t ha−1 in 2017/18). The CA plots had significantly higher
stover yields than the CT plots when either fertilized or unfertilized for both cropping
seasons. The increased stover yield from fertilization might be due to the additional N, P,
and K applied by fertilization (see Table 3) that favored these interactions. Similar results
were recorded [41], showing increased stover yield by minimum tillage and N fertilization
interaction compared to unfertilized crops under CT.
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In the interactions between tillage and cropping pattern, the highest values were
recorded in the maize–groundnut intercropping and maize–cowpea intercropping systems
(5.34–5.97 t ha−1 , respectively under CA) and the lowest values in the sole groundnut
system (0.32 t ha−1 and 1.48 t ha−1 , respectively under CT) across both seasons. Generally,
the CA by cropping systems produced more stover than the CT by cropping systems. This
could be ascribed to the presence of crop residue under CA that decomposed and released
nutrients for utilization. These results are in agreement with other researchers [8,9,42], who
noted the significant effect of the tillage system on maize and soybean stover yields.
Stover yield was highest in maize–groundnut intercropping and maize–cowpea intercropping when fertilized (4.19 t ha−1 and 6.39 t ha−1 in 2016/17 and 2017/18, respectively)
and lowest in unfertilized sole groundnut (0.47 t ha−1 and 1.46 t ha−1 in 2016/17 and
2017/18, respectively). The fertilized plots, in general, produced higher stover yields than
the unfertilized plots for all cropping patterns, thus confirming the contribution of fertilizer
to stover production. The increased stover yield can be attributed to a better supply of N, P,
and K, which contributed to increased carbohydrate synthesis, promoting crop growth. A
significant effect on maize stover yield due to the interaction of fertilization and cropping
pattern was also recorded [40,43].
4.2.2. Grain Yield
After two cropping seasons, significant differences in grain yield as influenced by the
tillage system, fertilization, cropping pattern, and their interaction were found (Table 3).
Grain yield increased by 38% and 7% under CA compared to CT in 2016/17 and 2017/18,
respectively. The greater grain yield under CA might be associated with better grain weight
as a result of better soil conditions associated with this tillage system, e.g., less runoff and
lower evaporation, resulting in higher water content [5,37,39] compared to CT. In line with
this, several studies [8,38,44] also reported increasing trends in maize–soybean grain yield
under CA.
Higher grain yields were recorded in fertilized plots (51%) than in unfertilized plots in
both cropping seasons and concurs with findings of other investigations [8,38,45]. Cropping
patterns showed no clear trend. The only consistency was that either maize with any
combination of legume crop and/or maize sole crop produced the highest grain yield
compared to sole legume crops producing the lowest grain yields.
For the interaction between tillage system and cropping pattern, grain yield was
highest in maize–pigeon pea intercropping (2.01 t ha−1 ) in the first cropping season and
sole maize (2.29 t ha−1 ) in the second cropping season, under CA. This was followed by
maize–cowpea intercropping under CA (1.80 t ha−1 ), in the first cropping season and maize–
groundnut intercropping under CT (2.18 t ha−1 ) in the second cropping season. However,
the lowest grain yield was observed in maize–groundnut intercropping (0.04 t ha−1 ) under
CT, and unexpectedly in the second cropping season, the lowest grain yield was observed in
maize–groundnut intercropping (0.32 t ha−1 ) under CA. Similarly, some researchers [42,44]
recorded a significant tillage system by cropping pattern interaction on grain yield.
The interactions between CA by intercropping recorded higher grain yields compared
with CT by intercropping for both cropping seasons, with the exception of CT by maize–
groundnut intercropping during the second cropping season. There was no clear trend
between the interactions of the tillage system by sole cropping on grain yield in both
cropping seasons. A possible explanation for this might be the short trial period of only
two cropping seasons. The effects of intercropping versus sole cropping on grain yield
may only be visible in long-term trials. Increases in maize and legume yields take at least
five years to become significant [46]. Despite the variations observed between cropping
season and sites, maize yields were occasionally higher when maize was intercropped with
a legume. Hence an intercropping system increases maize yields and is an optional crop
management system for smallholder farmers to ensure food and nutritional security as
two crops are harvested [39,43]. The inclusion of legumes in cropping patterns resulted in
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increased maize yield compared to sole maize cropping and countered a reduction in the
intensity of nutrient deficiencies, especially N.
The highest grain yields among fertilization by tillage system interactions were
recorded on fertilized plots under CA (1.52 t ha−1 and 1.86 t ha−1 ) in both cropping
seasons. On the other hand, the lowest grain yields were observed in unfertilized plots
(0.63 t ha−1 ) under CT in the first cropping season and unexpectedly under CA (1.10 t ha−1 )
in the second cropping season. Some studies [41,45] also observed significant differences
between reduced tillage (CA) and fertilization (N and P) interactions on maize grain yield
over four cropping seasons. This phenomenon is ascribed to improved soil structure under
CA due to the presence of crop residue, which contributed to enhanced soil quality.
The interactions between fertilization and cropping pattern gave the highest grain
yields in maize–pigeon pea and maize–cowpea intercropping for fertilized plots, namely
1.87 t ha−1 and 2.54 t ha−1 in 2016/17 and 2017/18, respectively. This was followed by
unfertilized sole maize with 1.57 t ha−1 in 2016/17 and 2.49 t ha−1 in 2017/18. The lowest
grain yield was recorded in unfertilized sole groundnut (0.10 t ha−1 and 0.56 t ha−1 ) in
both cropping seasons. The interactions between fertilization and intercropping pattern
showed a clearer trend compared to fertilization and sole cropping pattern in both cropping
seasons. Higher grain yields were obtained from fertilized plots under intercropping than
from unfertilized plots under intercropping. The increased grain yields on account of
fertilization could be attributed to the additional N, P, and K application which improved
crop performance and, ultimately, grain production. This indicated that fertilization played
a critical role in determining the actual grain yield and clearly emphasized the sensitivity
of maize to fertilization. Similarly, significant fertilization by cropping pattern interaction
effects on maize grain yield with higher values had been observed with fertilized maize–
legume intercropping [40]. In contrast, no clear conclusion can be made between fertilized
and unfertilized sole cropping across both cropping seasons.
4.3. Competition Indices
4.3.1. Land Equivalent Ratio (LER)
All LER values are greater than 1, which indicates an intercropping advantage over
sole cropping, irrespective of fertilization and tillage practice (Table 4). Similar results were
observed for mix-proportions of bean–wheat [47] and maize–faba bean [13]. In this study,
interspecific facilitation was, therefore, higher than the interspecific competition, resulting
in better land-use efficiency.
4.3.2. Aggressivity Index (A)
In 2016/17, A values exceeded 0 for intercropping of maize and pigeon pea under CA,
and for maize and groundnut under CT despite fertilization or not (Table 4). Maize was,
therefore, the more aggressive crop, the same as the maize and groundnut intercropping
system under CT with no fertilization in 2017/18. This result was expected, taking into
consideration that cereal crops are more competitive than grain legumes and the shading
of the maize may have contributed to the reduction in the yield of the intercropped legume.
These results are consistent with previous studies [17]. However, the legumes revealed
a greater aggressivity than maize for the other intercropping systems with A values of
less than 0.
4.3.3. Relative Crowding Coefficient (K)
A crop with the largest coefficient is the most competitive one of the two. On the basis
of the means of the two years, pigeon pea was more competitive than maize under CA,
and under CT, maize was more competitive than pigeon pea, irrespective of fertilization or
not (Table 5). In all the other cropping systems, maize was more dominant than cowpea.
Similar results were observed by other researchers [11,16]. However, groundnut was more
competitive than maize, except under CT when fertilized.
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4.3.4. Competitive Ratio (CR)
Considering the planted seed densities of each of the intercropping patterns and
fertilization, maize was more competitive than pigeon pea and groundnut under CA,
irrespective of fertilization or not, as the mean CRs for 2016/17 and 2017/18 exceeded 1
(Table 5) as confirmed by other studies [17]. This also applies for maize and groundnut
intercropping under CT when fertilized. In the other intercropping systems, the legume
crops were more competitive than maize.
5. Conclusions
Based on our results, significant differences were observed in soil chemical properties
and maize stover and grain yield as a function of the tillage system. The soil chemical
properties and stover and grain yields were consistently higher under CA than CT. This
suggests that the implementation of CA in the loamy sand soil of Nhacoongo has the
potential to improve soil fertility status leading to increased stover and higher grain yield
for maize. There were pronounced higher stover and grain yields in the second cropping
season as compared to the first cropping season.
The interactions between the tillage system and fertilization, as well as the tillage
system and cropping pattern, have proven to be an appropriate combination for improving
soil chemical properties and stover and grain yields. The CA practice with NPK application
was a good alternative for CT to realize higher stover and grain yield in both cropping
seasons. However, smallholder farmers who cannot afford inorganic fertilization could
apply an intercropping system under CA to increase grain yield.
Estimated land equivalent ratios confirmed that intercropping resulted in more efficient use of land than sole cropping. Compared to sole cropping, thry favored the other
calculated competition indices; mostly also intercropping.
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