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ABSTRACT

Planted forage grown under an appropriate cropping system and tillage practice can help to improve yield potential. 
This study was conducted to evaluate the effects of different tillage practices on the growth, nutrient composition 
and yield characteristics of maize-forage legume mixtures. Different forage types were represented by sole maize (Zea 
mays L.), sole common vetch (Vicia sativa L.), sole lablab (Lablab purpureus), maize + common vetch, and maize + lablab 
intercrops. Forage types were cultivated under different tillage systems, viz., conventional tillage (CT), deep ploughing 
with a depth of 30 cm, and reduced tillage (RT), shallow ploughing with a depth of 10 cm. Forage samples were collected 
to examine the growth indices, chemical composition and yield components. Reduced tillage showed lower values of 
crop growth rate, leaf area, and leaf area index (11.68 g/m2/d, 3.30 m2, and 4.09 m2/m2, respectively) in sole forages 
than conventional tillage. Higher dry matter production (35.66%) in forage intercrops and higher values of crude protein 
content (20.16% DM) in sole forage legumes were observed in the conventional tillage practice than in the reduced 
tillage practice. Fiber concentrations of sole forages were greatest in reduced tillage and lowest in conventional tillage 
practices. Higher values of total dry matter and grain yield, harvest index and plant density in forage mixtures were 
obtained in the conventional tillage than in the reduced tillage. The study concluded that growing sole forages and 
mixtures under different tillage systems can influence yield and nutritional characteristics.
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INTRODUCTION

In many parts of Southern Africa, more smallholder 
farmers grow maize due to its superior economic 
performance. Maize is a multipurpose crop that provides 
food for humans, feed for animals and poultry and fodder 
for livestock (Balehegn et al., 2020).

Farmers are looking to adopt appropriate cropping 
systems due to environmental and maize yield concerns. 
Considerable attention has been given to cropping 
strategies such as monocropping and intercropping. 
Among such systems, intercropping has been used to 
grow two or more crops in the same area, including cereal 

with legumes, and has been shown to increase crop yields 
(Iqbal et al., 2019). Most previous studies suggest that 
growing maize with leguminous crops in intercropping 
systems is expected to produce more plant biomass than 
growing maize alone because of the more efficient use of 
available resources (Echarte et al., 2011; Liu et al., 2017).

Intercropping systems may facilitate other positive 
effects during the growing cycle of crops. For example, 
maize-legume intercrops have more environmental 
benefits, particularly due to legume nitrogen fixation, 
which facilitates intercropped cereals to absorb more 
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nitrogen from the soil than in sole cropping. Intercropped 
legumes with such nitrogen-fixing properties reduce the 
amount of nitrogen required by companion cereal crops 
and benefit the soil at different depths (Raza et al., 2019). 
This is especially attractive in the context of legume-cereal 
intercropping because relatively more yield components 
could be produced for the use of legumes as cover crops 
without any additional inputs. Legumes intercropping 
with cereal crops also positively affect soil organic matter 
and biological activity, both through green manuring or 
root and leaf residues, which enhance nutrient availability 
(Rodriguez et al., 2020).

Small-scale maize production in Lesotho takes place 
mostly with a very limited use of legumes as cover crops. 
The major gap is related to limited knowledge in the 
production of sole forages and cereal-legume mixtures 
under different tillage systems. Maize production is 
affected by the weather and interaction with other 
biological, physical and chemical properties of the soil. 
For example, the absence of a legume companion crop 
that can fix atmospheric nitrogen and directly transfer 
it in usable form to maize cereal crops. Soil physical 
and chemical properties are affected by inappropriate 
tillage operations that may provide undesirable results, 
such as decreased infiltration capacity, reduced pore 
volume, aeration and less efficient recycling of nutrients 
(Yin et al., 2021). This, in turn, decreases crop yield and 
consequently leads to low production of maize.

Maize-forage legumes in intercropping systems can 
be improved through appropriate tillage practices. Tillage 
is an operation that distracts the soil characteristics for 
crop production (Islam et al., 2020). Tillage operations 
improve soil physical parameters such as structure, 
chemical and biological parameters that affect maize-
forage legumes (Wen et al., 2023). Tillage provides 
favourable soil conditions for plant growth, especially 
under circumstances where the soil presents zones of 
high strength and compaction (Wang et al., 2020). Several 
studies suggest that tillage is one of the most essential 
operations that usually affects soil chemical properties 
such as pH, cation exchange capacity, exchangeable 

cations and soil total nitrogen (Lozano et al., 2016; 
Blanco-Canqui and Wortmann, 2020). The impact of 
tillage on soil biological properties is related to its effects 
on soil organic matter content, which in turn influences 
earthworm dynamics, as their burrowing activities aid in 
the improvement of soil aeration and water infiltration 
(De Moraes et al., 2016).

Tillage methods range from the conventional tillage 
method to the conservation tillage method, including 
zero tillage (no-till) and reduced (minimum) tillage (Zhai 
et al., 2021). The tillage operation method is considered 
to be the most important factor for the growth and 
yield of cereal-legume intercrops. The conventional 
tillage method resulted in higher yields because of 
better soil characteristics and demonstrated that 
conventional tillage operations increase soil aeration, 
residue decomposition, organic nitrogen mineralisation, 
and the availability of nitrogen for plant use (Ding et 
al., 2020). In some instances, the conservation tillage 
method has an important effect on crop yields because 
of reduced soil compaction, which increases the build-up 
of surface residue, which in turn influences soil moisture 
and temperature and affects plant growth and yield 
components (Kumara et al., 2020). The conservation 
tillage method was also found to be very effective in 
reducing soil and crop residue disturbance, moderating 
soil evaporation and minimising soil erosion losses (Zhang 
et al., 2016). In this study, it was hypothesised that the 
effects of different tillage practices do not necessarily 
have different growth and yield components of maize-
forage legume mixtures. The present study was carried 
out to evaluate the effect of different tillage practices on 
the growth, nutrient composition and yield components 
of maize-forage legume intercrops.

MATERIALS AND METHODS

Study site

A field experiment was conducted at St. Michael 
Lesotho (29° 25´ 38 S, 27° 40´ 50 E, and altitude 1,700 
m above sea level), where maize (Zea mays L.) was 
intercropped with common vetch (Vicia sativa L.) or lablab 
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(Lablab purpureus) under rainfed conditions for two years 
(2022-2023). The site lies in a lowland region of Lesotho 
characterised by warm summers and cold winters. 
Rainfall ranges from 500 mm to 1000 mm per annum, 
with the highest values in the summer season (Lesotho 
Meteorological Services, 2023). Winters are generally 
dry and cold and are characterised by dry air and warm 
to moderate temperatures during the day, with a sudden 
cold temperature just after sunset. The average annual 
temperature ranges between 15.2 °C and 25.6 °C in the 
lowland region. Details of the average monthly climatic 
characteristics of the experimental region are given in 
Table 1. The predominant soils of the area are classified 
as fersiallitic soils with an orthic A horizon (Fey, 2010), 
and the basic soil physical and chemical characteristics 
are presented in Table 2.

Agronomic practices

Maize, lablab, and common vetch were grown as sole 
crops or as maize with a legume cover crop in 10 x 5 m 
plots replicated three times. A basal fertiliser (6:3:4 NPK) 
was applied to all maize plots at a rate of 75 kg/ha at 

sowing. Legume-only plots received a combination of P 
and K at 80 kg/ha. The spacing for sole maize was 75 cm 
x 30 cm between rows of plants, respectively, and sole 
common vetch and lablab were 40 cm x 10 cm between 
rows of plants, respectively. Lablab and common vetch 
were intercropped between two maize rows at 37.5 
cm away from the maize row with inter-row and 10 cm 
intra-row spacing. All necessary agronomic practices 
(weed, pest, and disease control) were kept uniform for 
all experimental plots during the cropping season.

Experimental design

Different forage types were prepared from sole maize 
(Zea mays L.), sole common vetch (Vicia sativa L.), sole 
lablab (Lablab purpureus), maize + common vetch, and 
maize + lablab intercrops. Forage types were cultivated 
under different tillage systems, viz., conventional tillage 
(CT), deep ploughing with a depth of 30 cm, and reduced 
tillage (RT), shallow ploughing with a depth of 10 cm. The 
experiment was designed as a completely randomised 
design with a 5 (forage types) x 2 (tillage systems) factorial 
treatment arrangement and three replicates. 

Table 1. Average monthly rainfall, relative humidity, maximum, minimum, and average temperature at the experimental site
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Tmax (°C) 17 23 26 29 31 30 28 29 22 21 18 14

Tmin (°C) 7 7 16 20 21 20 16 12 11 9 5 2

Tave (°C) 12 15 21 25 26 26 24 26 18 17 13 11

Rainfall (mm) 21 4 16 8 62 71 85 75 55 19 1.7 1.2

Humidity (%) 38 30 25 27 34 37 43 40 54 40 38 37

Table 2. Basic soil physical and chemical characteristics of the experimental site (0-30 cm depth)

Soil type pH Organic Matter
(g/kg)

Bulk density
(g/cm3)

Available N
(mg/kg)

Available P
(mg/kg)

Available K
(mg/kg)

Clay loam 6.9 16.8 1.4 27.7 26.8 122.5
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Plant sampling and analyses

A 1 x 1 m area from each subplot was harvested at 
ground level 90 days after planting. Maize crop samples 
were separated into component fractions (roots, leaves, 
stems, tassel and cob), and legume samples (roots, leaves, 
stems, and pods) were placed in labelled brown paper 
bags. From these samples, biomass was measured by 
drying the forage crops at 70 °C for 48 hours. Total dry 
matter (TDM) was obtained by summing the weight of all 
the components.

The crop growth rate (CGR) was determined using the 
following formula:

CGR (g/m2/d) = [(W2 – W1) / (T2 – T1)] × 1 / GA × 100
     (Hunt, 1982)

where W1 and W2 represent the initial weight and last 
weight after sowing, respectively. T1 and T2 represent the 
seedling height at the start of the experiment and the 
end of the experiment, respectively. GA represents row-
to-row distance by plant-to-plant distance by number of 
plants.

Prior to harvest, measurements of parameters such 
as the leaf area and leaf area index (LAI) and nutrient 
composition were taken 70 days after planting. An LI 
3100 belt-driven leaf area meter was used by passing the 
individual leaves to measure leaf area (LICOR, Lincoln, 
NE, USA). The leaf area index (LAI) was calculated as 
the ratio of one-sided leaf surface area divided by the 
ground area using the LAI-2000 plant canopy analyser. 
LAI = leaf area/ground area (m2/m2). Forage samples were 
dried (55 °C, 48 h) and milled through a 1 mm screen 
for chemical analysis. Forage samples were analysed for 
dry matter (DM), crude protein (CP), acid detergent fiber 
(ADF) and neutral detergent fiber (NDF) by near infrared 
spectroscopy (FOSS NIR System 5000, Silver Springs, 
MD, USA). 

A 1 x 2 m area from each subplot was harvested at 
maturity (100 days after plant sowing). Biological yield 
(shoot and roots) was measured by drying the samples at 
70 °C for 48 hours. The cobs of maize were threshed for 
the calculation of grain yield.

Similarly, the harvest index (HI) of each subplot was 
calculated according to the following formula.

HI = (Grain yield / Biological yield) x 100

The plant density was estimated before forage harvest, 
counting the total plants of the four central rows, each 3 
m long, to determine plant population per m2 at harvest.

Statistical analysis

Analyses of variance were performed on the data 
using the general linear model (GLM) procedures of the 
Statistical Analysis System (SAS Institute, 2023). The 
variance was apportioned to the tillage systems, forage 
type, and their interaction as expressed in the model. 
The dependent variables were growth indices, chemical 
composition and yield components. Treatment means 
were compared using a protected LSD (P < 0.05) test. 

The model is presented as follows:

Yijk = μ + αi + βj + αβij + Ɛijk

where Yijk is the variable response, μ the general mean, 
αi the tillage system effect, βj the forage type effect, αβij 

the tillage system by forage type interaction, and Ɛijk the 
residual error.

RESULTS 

Growth attributes

The growth indices of planted forages under different 
tillage practices are presented in Table 3. Tillage systems 
had a significant effect (P < 0.05) on growth traits. The 
crop growth rate, leaf area, and leaf area index of different 
tillage practices varied between 14.84 – 16.62 g/m2/d, 
3.50 – 3.65 m2 and 4.36 – 4.43 m2/m2, respectively. The 
crop growth rate of forages planted under conventional 
tillage was higher (P < 0.05) than that of the reduced 
tillage. Lower leaf area was found in forages planted 
under reduced tillage compared to conventional tillage 
practice. The conventional tillage showed a higher leaf 
area index as compared to the reduced tillage. 
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Different forage systems had a significant effect 
(P<0.05) on growth parameters. The crop growth rate, 
leaf area, and leaf area index across forage systems 
ranged from 10.38 to 21.75 g/m2/d, 3.24 to 3.91 m2, 
and 4.04 to 4.87 m2/m2, respectively. Sole forages had a 
lower crop growth rate than mixtures. The leaf area and 
leaf area index of forage mixtures were higher compared 
with those of sole forages. The forage systems × different 
tillage practices interaction for crop growth rate was 
statistically significant (P < 0.05) but did not affect leaf 
area and leaf area index measures. Reduced tillage had 
a significantly (P < 0.05) lower crop growth rate in sole 
forages than conventional tillage. 

Forage chemical composition

The chemical composition of planted forages is 
presented in Table 4. It was found that DM and CP values 
were significantly (P < 0.05) variable among different 

Table 3. Effect of tillage practices on the growth attributes of maize-forage legume intercrops

Forage systems1 Tillage practices2 CGR3

(g/m2/d)
LA3

(m2)
LAI3

(m2/m2)

MZ CT 16.89c 3.70a 4.17a

RT 15.26cb 3.62a 4.15a

CV CT 11.23cd 3.30a 4.05a

RT 9.53d 3.18a 4.03a

LB CT 11.58cd 3.24a 4.11a

RT 10.25d 3.21a 4.09a

MZ+CV CT 20.84ab 3.98a 4.88a

RT 18.23b 3.81a 4.74a

MZ+LB CT 22.54a 4.01a 4.96a

RT 20.95ab 3.80a 4.78a

SEM4 (±) 0.94 1.02 0.18

p-value 0.02 0.07 0.06

a-d Values with different letters within the same column are significantly different (P < 0.05). 
1 Five forage systems are Maize (MZ), Common vetch (CV), Lablab (LB), Maize and Common vetch (MZ+CV), and Maize and Lablab (MZ+LB).
2 Two tillage practices are conventional tillage (CT) and reduced tillage (RT).
3 CGR: Crop growth rate, LA: Leaf area and LAI: Leaf area index.
4 SEM: Standard error of mean.

tillage practices and forage systems. For the tillage 
practices, the DM and CP contents ranged from 34.15 
to 36.95 and 8.95 to 10.17% DM, respectively. The 
highest and lowest values of DM content were found in 
conventional and reduced tillage practices, respectively, 
and the CP content also showed a similar trend. The 
DM and CP contents in the forage systems varied from 
17.56 to 36.74% and 8.15 to 22.34% DM, respectively. 
Sole CV and LB forages had lower DM content, and the 
greater values were recorded in MZ+LB and MZ+CV 
intercrops. Forage intercrops and sole MZ forage had 
lower CP concentration than sole CV and LB forages. 
The interaction of tillage practices and forage systems 
had significant effects on the DM and CP values. Higher 
production of DM values in forage intercrops and higher 
values of CP concentration in sole forage legumes were 
observed in the conventional tillage than in the reduced 
tillage practice.
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Table 4. Chemical composition of maize-forage legume intercrops under different tillage practices

Items Forage systems Tillage practices p - value

(% DM) MZ CV LB MZ+CV MZ+LB CT RT SEM (±) FS TP FS × TP

DM 32.78c 17.56e 20.66d 34.58b 36.74a 36.95a 34.15b 0.84 0.03 0.01 0.02

CP 8.15d 22.34a 17.98b 9.58c 9.37c 10.17a 8.95b 0.76 <0.01 0.02 0.03

NDF 27.54d 31.85b 35.82a 25.25c 25.88c 26.98a 27.55a 1.12 0.02 0.06 0.02

ADF 39.26a 21.74d 25.80c 37.22b 36.95b 35.89a 36.02a 0.99 <0.01 0.07 0.01

Note: a-e Values with different letters within the same row are significantly different (P < 0.05). MZ: Sole Maize; CV: Sole Common Vetch; LB: Sole 
Lablab; MZ+CV: Maize and Common Vetch Intercrops; MZ+LB: Maize and Lablab Intercrops; DM: Dry matter; CP: Crude protein; NDF: Neutral 
detergent fiber; ADF: Acid detergent fiber; CT: Conventional Tillage 12; RT: Reduced Tillage; SEM: Standard error of mean; FS: Forage systems; TP: 
Tillage Practices; FS × TP: Forage systems × Tillage Practices interaction.

Fiber content was significantly (P < 0.05) affected by 
the forage systems; however, not significantly different 
among tillage practices treatments. The NDF and ADF 
contents of the planted forages across forage systems 
ranged from 27.54 to 35.82 and 21.74 to 39.26% DM, 
respectively. Sole LB and CV forages had higher NDF 
content than forage intercrops and sole MZ forage. 
The ADF concentrations of sole legume forages were 
lower compared to those of sole MZ forage and forage 
intercrops. The tillage practices and forage systems 
interaction for NDF and ADF measures was statistically 
significant (P < 0.05). NDF and ADF concentrations of 
sole forages (LB and MZ) were greatest in reduced tillage 
and lowest in conventional tillage practices.

Biomass yield

The biomass production of the planted forages under 
different tillage practices is presented in Figure 1. The total 
dry matter and grain yield for different tillage practices 
ranged from 5.73 to 9.37 t/ha and from 1.03 to 1.31 t/
ha, respectively. The lowest total dry matter content was 
found in forages planted under reduced tillage, followed 
by conventional tillage. The conventional tillage showed 
a higher grain yield compared to the reduced tillage. The 
total dry matter and grain yield across forage systems were 

6.14 to 9.12 t/ha and 1.06 to 1.27 t/ha, respectively. Sole 
forages produced lower total dry matter content than 
mixtures. The grain yield was higher in mixtures than in 
sole forages. The interaction of different tillage practices 
and forage systems had significant (P < 0.05) effects on 
the total dry matter and grain yield. The conventional 
tillage showed a higher total dry matter and grain yield in 
mixtures than the reduced tillage. 

The harvest index and plant density for different 
tillage practices varied between 46.26 – 54.85% and 
58328 – 58369 plants/ha, respectively. The reduced 
tillage showed a lower harvest index as compared to the 
conventional tillage. The highest plant density was found 
in conventional tillage, followed by reduced tillage. The 
harvest index and plant density across forage systems 
ranged from 46.82 to 53.93% and 58317 to 58348 plants/
ha, respectively. The harvest index was higher (P<0.05) 
in mixtures than in sole forages. Lower plant density 
was obtained in sole forages compared to mixtures. 
The interaction of different tillage practices and forage 
systems had significant effects on the harvest index and 
plant density. The reduced tillage demonstrated a lower 
harvest index and plant density in sole forages than the 
conventional tillage.
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Figure 1. Effect of tillage practices on yield components of maize-forage legume intercrops

a-d Values with different letters within the bar charts are significantly different (P < 0.05). The error bar represents the standard error of the mean 
(SEM). Five forage systems are Maize (MZ), Common vetch (CV), Lablab (LB), Maize and Common vetch (MZ+CV), and Maize and Lablab (MZ+LB). 
Two tillage practices are conventional tillage (CT) and reduced tillage (RT). TDM: Total dry matter, GY: Grain yield, HI: Harvest index and PD: Plant 
density.

DISCUSSION

Growth Indices

Planting forage mixtures with different tillage practices 
might result in distinct growth and yield components. 
Therefore, it is important to identify suitable tillage 
practices and cropping systems for forage production. 
The crop growth rate, leaf area, and leaf area index are 
reliable parameters for plant growth (Novelli et al., 2019). 

In the present study, the values of crop growth rate, leaf 
area, and leaf area index were lower in reduced tillage 
compared to conventional tillage. A possible reason could 
be explained by an increased weed pressure and a slower 
nutrient mineralisation in reduced tillage (Hofmeijer et 
al., 2019). Furthermore, the sole forages produced lower 
values of crop growth rate, leaf area, and leaf area index 
than mixtures. The reason might be associated with a 
lower absorption of nutrients such as nitrogen in sole 
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forages. Therefore, these results are similar to those 
reported by Maitra et al. (2020) when intercropping 
maize cereal with forage legume. In the present study, the 
forage systems × different tillage practices interaction for 
crop growth rate was statistically significant (P<0.05). 
The reason may be attributed to the tillage improving soil 
pore conditions and surface soil moisture content, which 
might play a crucial role in the growth and development 
of crops. Conventional tillage, in particular, can increase 
water infiltration and reduce surface soil bulk density, 
while conservation tillage can improve soil moisture 
levels due to the presence of straw cover and stubble that 
delay runoff (Ramos et al., 2019).

Nutrient composition

It is well known that DM and CP are important 
indicators reflecting the quality characteristics of 
forage (Tassone et al., 2022). In the present study, the 
conventional tillage had higher DM compared with the 
reduced tillage. The possible reason might be related 
to better aeration. Under conventional tillage, better 
aeration in the soil surface can improve the exchange 
of water, nutrients and energy between the forage crop 
roots and the soil surface. Therefore, these results agree 
with Debska et al. (2020) that there was a dry matter 
content difference between different tillage systems. 
However, these findings are not similar to those of Sohail 
et al. (2021), who observed comparable dry matter of 
cereal-legume combinations on different tillage systems. 

In this study, sole forages produced lower DM content 
compared with forage intercrops. The reason might be 
associated with better resource utilisation in intercrops. 
When two or more different forage crops, especially 
legumes and non-legume companion crops, are grown 
together, it can lead to more efficient use of resources 
like water, nutrients, and sunlight. The non-legume 
companion crop can benefit from atmospheric nitrogen 
fixed by legumes in an intercrop (Ibrahim, 2021). Ginwal 
et al. (2019) also noted a difference in DM content 
between sole forage and intercrops. Bacchi et al. (2021) 
also reported higher DM content in forage intercrops 
compared to sole forage.

Generally, CP in forage crops includes true protein 
and non-protein nitrogen essential for livestock growth 
and provides the building blocks (amino acids) needed 
for various bodily functions (Zurak et al., 2023). In the 
present study, forage CP contents were lower in reduced 
tillage compared to conventional tillage. The reason 
might be the potentially due to factors like reduced 
nitrogen availability leading to decreased CP. Reduced 
tillage tends to cause an increase in the N immobilisation 
process in the soil surface, leading to decreased nutrient 
concentration in forage crops, especially N (Zurak et al., 
2023). Studies done by Wang et al. (2024) also proved the 
disadvantage of reduced tillage for a lower maize quality 
achievement and lower grain quality, especially in the 
crude protein content.

As expected, the highest CP concentration was 
with sole legumes (CV and LB). Legumes have a high 
crude protein (CP) concentration due to their ability to 
establish a symbiotic relationship with nitrogen-fixing 
bacteria, primarily Rhizobium, in their root nodules. This 
helps legumes to convert atmospheric nitrogen into a 
usable form, leading to increased protein synthesis (Abd-
Alla et al., 2023). This agrees with Zaeem et al. (2021), 
who reported higher CP levels in forage legumes than 
soybean–maize mixtures.

The contents of NDF and ADF of forages may be 
affected by the cropping systems during the growth 
process (Manoj et al., 2021). In this study, forage 
intercrops were characterised by lower NDF and higher 
ADF content compared to the sole forage legumes. Lower 
NDF concentrations may be attributable to efficient use 
of resources associated with optimum plant maturity and 
cell wall development. As forage crops mature, their cell 
walls, composed of NDF components like cellulose and 
hemicellulose, develop and become more prominent 
(Moore et al., 2020). In forage intercrops, efficient use of 
resources like sunlight, nutrients, and water can influence 
forage crop growth and cell wall development. This 
efficient use of resources can lead to a more balanced 
forage crop growth pattern, potentially delaying intercrop 
maturity and reducing NDF content compared to sole 
forages (Salama et al., 2022). 
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Furthermore, lower ADF in sole legumes in this 
study might be due to lower fiber content, leading to 
better forage digestibility. Studies consistently show 
that legumes have the least digestible parts of a plant, 
including cellulose and lignin (Keskin et al., 2022; 
Kurniawan et al., 2025). When forage legumes are grown 
as sole crops, they exhibit lower ADF content compared 
to other forage crops like cereals. This lower fiber content 
translates to higher palatability and digestibility of forage, 
which contributes to greater intake of the forage by 
livestock (Mganga et al., 2021). Similarly, the results of 
this study agree with Folina et al. (2025) that there is a 
difference between sole forage legumes and intercrops in 
terms of ADF concentration.

Yield components

The values of total dry matter and grain yield reflect 
the development achieved during the growth period 
(Yang et al., 2020). In the present study, the yield 
components of forages were characterised by higher total 
dry matter and grain yield when forages were planted 
through conventional tillage compared to reduced tillage. 
The reason might be the alleviation of soil compaction, 
causing increased root growth, uptake of the essential 
nutrient, and improved crop yield. In addition, mixtures 
and sole forages differ in total dry matter and grain yield. 
Mixtures were higher in total dry matter and grain yield 
than sole forages. Similar to a previous study (Atumo, 
2022), a significant increase in biological yield was 
observed when intercropping cereal and lablab mixtures. 
A possible reason for a relatively higher biological yield 
could be more efficient use of available growth resources 
because intercrops have different rooting ability, canopy 
structure and nutrient requirements.

Harvest index and plant density help to measure 
the yield of the crop and the difference between the 
potential and actual yield (Chen et al., 2021). It was 
observed that harvest index and plant density were 
variable among different tillage practices. In the present 
study, reduced tillage had a lower harvest index and plant 
density compared with conventional tillage. The reason 
might be due to lower bulk density under conventional 

tillage, which might have facilitated the proliferation and 
development of root systems in the soil and increased the 
rate of water, air, and essential nutrients movement (Sha 
et al., 2023). Therefore, these results agree with Xue et al. 
(2019) that there is a yield component difference among 
different tillage practices. 

Furthermore, the harvest index was higher in mixtures 
than in sole forages. While the lowest plant density was 
obtained in sole forages than in mixtures. This finding 
agrees with Iqbal et al. (2019) when intercropping 
legumes with cereal mixtures. In the current study, the 
interaction of different tillage practices and forage 
systems had significant effects on the biomass yield. The 
reason might be related to more mineralisation of organic 
N in the tilled area. Furthermore, greater levels of soil N 
have been mineralised due to unrestricted aeration in the 
tilled plots; as a result, there could be higher availability 
and consequent higher uptake in the crop (Schlüter et 
al., 2022). It has been reported that conventional and 
conservation tillage achieved lower bulk density, higher 
water holding capacity and porosity that increased 
root depth and yield of maize compared to zero tillage 
(Farahani et al., 2022).

CONCLUSIONS

The growth indices of forage planted under reduced 
tillage were lower than those of conventional tillage. 
Forage mixtures produced higher growth attributes 
compared to sole forages. The results showed that 
conventional tillage can reduce weed infestation, allowing 
the accessibility of essential nutrients to be absorbed by 
maize–forage legume mixtures. The nutrient composition 
of intercrops was more than that of sole forage crops. 
In addition, chemical composition was enhanced in 
the conventional tillage compared to reduced tillage. 
These data demonstrate that maize can be intercropped 
with forage legumes under deep tillage to give high-
quality forage. The reduced tillage showed lower yield 
components with smaller values of total dry matter 
and grain yield compared to conventional tillage. Sole 
forages also had lower yield components than mixtures. 
The results revealed that forage mixtures planted under 
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conventional tillage could improve the yield components 
and make forage a source of feed for livestock.
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