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ABSTRACT

Although numerous factors contribute to wide yield gaps, low external inputs, particularly N, and
poor cropping practices such as soil tillage and monocropping are among the major factors
affecting low maize production. In view of this, field experiments were implemented on two sites
with Cambisols and Chernozem soil types in two consecutive years to evaluate the impacts of
different soil management practices on the grain yield and quality, nitrogen uptake and selected
soil properties. A three-factor experiment was arranged as a split-split plot arrangement
randomized complete block design with three replications. The minimum tillage (MT) and
conventional tillage (CT) were used as the main plot, haricot bean-maize rotation, and maize
monocropping as a subplot, and four levels of nitrogen fertilization (Control, 20 t ha* compost, 46
kg N hat + 10 t hat compost, and 92 kg N ha!) as the sub-sub plot. Analysis of variance showed
that soil management practices were significantly affecting grain yield, N-uptake and soil
properties. In sites, the conventional tillage and rotation system increased the grain yield, and N-
uptake in contrast to the minimum and monocropping, respectively. Similarly, nitrogen evidently
affected the grain yield, N- uptake, and selected soil properties. However, tillage methods differed
in their effects on soil chemical properties; soil organic carbon and total nitrogen
concentrations were improved through MT compared to CT. Grain yield was significantly
associated with NDVI, grain N-content and N-uptake. Therefore, a CT plus haricot bean-maize
rotation system with the addition of solely 92 kg N ha* and integrated 46 kg N ha* + 10 t compost
hacould be recommended for Hawassa Zuria (Cambisols) and Meskan (Chernozem) districts,
respectively. However, to ensure sustainable maize production in the investigated areas, an
integrated N-treatment with MT and a rotation system may be recommended, which could improve
soil properties.
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INTRODUCTION

Maize or corn (Zea mays L.) is one of the world's leading cereals, ranking second in production
after wheat (FAO, 2019). Ethiopia is the seventh maize-producing country in Africa. It is the
second in area coverage next to tef (Eragrostis tef (Zucc.), with total land area of 10,478,217 ha
being under cereals, of which maize covered about 17.68% (2,274,305.93 ha) (CSA, 2019).
Despite the large area under maize production, its current national average yield is about 4.2 t ha
I'(CSA, 2019), which is far below the world's average yield of 5.8 t ha'! (FAO, 2019). Although
numerous factors contribute to wide yield gaps, low external inputs, particularly N, poor soil

27


mailto:nashenafinew@gmail.com

3" African Conference on Precision Agriculture | 3-5 December | 2024

fertility, reduced water-holding capacity of the soil, and poor soil infiltration problems are among
the major factors paid for low maize productivity (Chimdi et al., 2012; Mourice et al., 2015;
Teklewold et al., 2013). Moreover, frequent tillage, monocropping, and complete removal of crop
residues are also the governing factors for low productivity (Kassie et al., 2013). However, there
1s scarce information about the effects of tillage, cropping systems, nitrogen fertilization and their
interaction on the yield, nitrogen uptake of maize, as well as soil chemical properties. Therefore,
the present study was instigated to evaluate the effects of different soil management practices on
the maize grain yield and quality, nitrogen uptake and selected soil chemical properties in the
central Rift valley of Ethiopia, under two soil types - Cambisols and Chernozem.

MATERIALS AND METHODS

The field experiments were conducted for two consecutive years (2019 and 2020) in Hawassa
Zuria and Meskan districts of the Central rift valley of Ethiopia. The Hawassa Zuria site is
geographically situated at 07° 1' 0.83" N Latitude and 38° 22' 26" E Longitude with an altitude of
1713 m above sea level (asl). The experimental site at Meskan is found at 08° 05' 33" N Latitude
and 38° 26' 75" E Longitude with an altitude of 1841 m asl. The soil types for the field trial were
Cambisols for Hawassa Zuria and Chernozem for Meskan, according to the WRB soil
classification system (IUSS Working Group, 2015).

Two tillage methods (TM) were evaluated: conventional tillage (CT) and minimum tillage (MT).
The two tillage practices were combined with two cropping systems (CS): haricot bean-maize
rotation (RCS) and maize monocropping (MCS). In addition, four levels of nitrogen fertilization
(NF) (0, 20 t compost hat, 46 kg N ha! + 10 t compost ha?*, and 92 kg N ha') were combined
with tillage practices and cropping systems. Treatments were arranged as Split-split plot
arrangement randomized as a RCBD (randomized complete block design), with tillage methods as
the main (whole) plots, cropping systems as sub-plots, and nitrogen fertilization treatments as sub-
sub-plots, with three replicates: making 48 sub-sub-plots for each experimental site.

Yield and yield related data were collected from a net plot area of 4 m? (1.25 m x 3.2 m) by
rejecting the border rows, from three replications. The harvested grain yield was adjusted to a
12.5% moisture level (Nelson et al., 1985) and it was converted into hectare bases. Twenty grams
of grain samples were taken from each experimental unit. The grains were oven-dried to constant
weight thereafter; and the samples were ground and passed through a 0.5 mm sieve. The nitrogen
content in the grain was analyzed using the Kjeldahl procedure after wet digestion by H2S04/H20:
(Nelson and Sommers, 1982).

Before the analysis of variance (ANOVA), the normality of the data was checked using the
Shapiro-Wilk normality test. Despite the two experimental sites were distinctly different in their
soil fertility status, subsequently the statistically analysis was done independently for each
location, using the SAS 9.3 software package (SAS Institute, 2014), considering the experimental
treatment as a fixed factor and replication as a random factor. At a probability level of P<0.05,
differences between treatments means were separated using the protected Fisher’s least significant
difference (LSD) (Steel and Torrie, 1980). The LSD differences for the main factors and
interaction effects comparisons were calculated using the appropriate standard error terms.
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RESULTS AND DISCUSSION

Effects of tillage methods, Cropping systems and nitrogen fertilization on NDVI, grain
yield, grain N-content and uptake and grain protein content

Tillage had revealed a statistically significant (P < 0.05) effect on maize grain yield At Hawassa
Zuria, but not Meskan site, despite the higher yield which was gained from the CT (3855.5 kg ha
1) and (7094.9 kg ha') for Hawassa Zuria and Meskan, respectively (Table 1). In this study, grain
yield increased by 5.2 and 0.1% in CT over MT at Hawassa Zuria, and Meskan. The positive result
of CT on maize grain yield was possibly due to improved soil physical conditions, root growth,
infiltration of water, nutrient mineralization and suppressing weed growth. Correspondingly,
Simi¢ et al. (2020); Salem et al. (2015); Wang et al. (2015) reported that CT in a short-term study
increased corn grain yield compared to a minimum or zero tillage due to less soil compaction,
which improved soil aeration and organic matter mineralization. In both locations, the N-content
and N-uptake parameters responded positively to CT, possibly due to the stimulation of N-
mineralization from organic matter and thereby improved soil mineral N-availability for crop
uptake. Similarly, Simi¢ et al. (2020) verified the benefit of conventional tillage for better maize
grain yield and enhancement in grain protein content.

At Hawassa Zuria, the cropping system had a significant (P < 0.05) effect on grain yield, grain
nitrogen content, nitrogen uptake, and protein content. However, at Meskan, while grain yield was
affected, the other parameters did not show statistically significant differences (Table 1). The
haricot bean-maize rotation system increased maize grain yield, N-content, N-uptake and protein
content by 1.1, 2.7, 17.8, 21.1 and 17.9% in Hawassa Zuria and 1.3, 0.25, 10, 12.1 and 13.7% in
Meskan, respectively, compared to maize monocropping (Table 1). This was possibly due to the
change in inorganic N-availability in the soil solution caused by previous atmospheric N2 fixation
and legume residue decomposition since legume residues had better quality and a narrow C:N
ratio, which results in rapid release of N from the residues (Adesoji et al., 2015; Lupwayi et al.,
2011; Tolera et al., 2009). Our result is in covenant with Lafond et al. (2006) who stated that
legumes offer a positive contribution to soil TN and thus improved its availability.

Analysis of variance depicted that the grain yield differed significantly (P < 0.001) among N-
treatments in both sites. The highest grain yields of 1180.5 kg ha* and 8169.1 kg ha™ were obtained
from the application of 92 kg N ha* and 46 kg N ha! + 10 t ha* compost at Hawassa Zuria and
Meskan sites, respectively. Similarly, Kaplan et al. (2019) proved that the grain yield increased
with increasing the N level. Like grain yield, N-fertilization had revealed significant effects on
GNC, GNU, and GPC (Table 1). In both locations, the integrated use of inorganic nitrogen and
compost at a rate of 46 kg N ha + 10 t ha'* remarkably increased GNC, GNU and GPC by 35.1,
61.6 and 35.3% at Hawassa Zuria and 23.2, 68.2 and 21.6% at Meskan, respectively, when
compared to the unfertilized treatment. Our result is in covenant with findings of Dunjana et al.
(2012); Negassa et al. (2005); Rusinamhodzi et al. (2013), who stated that integrated application
of organic and mineral fertilizers at appropriate rates can be an effective approach to improve
maize N uptake.
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Table 1. The effects of tillage methods, cropping systems, and N-fertilization on NDVI, grain
yield, N-content, N-uptake and grain protein content of maize at the two sites

Investigated factors Hawassa Zuria Meskan
GY GNC GNU GPC GY GNCgkg GNUkg GPC%
kgha? gkg! kgha! 0p kg hat 1 ha
Tillage methods
MT 3662.6° 9.6 356° 6.0  7061.0 121 89.0 7.8
CT 3855.5% 9.9 39.1* 6.2 70919 125 89.7 7.8
LSD (0.05) 112.6 ns 1.89 ns ns ns ns ns
Cropping systems
RCS 3835.1* 10.6* 10.9* 6.68 7101.0 13.28 91.5° 8.3
MCS 3683.5°  9.0° 33.7° 5.6 7083.2 12° 81.3° 7.3°
LSD (0.05) 128.8 0.1 3.8 0.21 ns 0.03 5.6 0.2
Nitrogen fertilization
Control 3273.3¢  8.2¢ 26.8° 5.19 5987.9¢ 11.2¢ 66.9¢ 6.9¢
20 t ha! Compost 3628.2°¢ 9.1° 312"  59° 6169.2° 11.8° 75.8¢ 7.1¢
46 kg N ha' +10 t ha 3951.1° 11.1*  11.1°  6.9° 8169.1 13.82 112,52 8.6
Compost
92 kg N ha'! 1180.5° 10.5° 11.1* 6.6 7711.8° 13° 102.1° 8.3
LSD (0.05) 113.7 0.6 262 035 3101 0.01 1.2 0.25

Values of a parameter means followed by the same letter did not differ significantly across the tillage methods,
cropping systems and N-fertilization at P < 0.05 according to LSD test.

Effects of tillage, cropping systems and nitrogen fertilization on soil organic carbon and
total nitrogen

There were no significant changes in organic carbon concentrations across tillage methods and
cropping systems in either location (Table 2). This could be because the samples were gathered
two years after the field trial, which is a short time to oversee the effect of tillage on soil OC. A
similar observation was reported by Geisseler and Horwath (2009). Conversely, organic carbon
content was significantly affected by N fertilization (Table 2). The addition of 20 t ha’* compost
provided the higher OC at Hawassa Zuria, which was statistically comparable with the integrated
N-treatment. The increase in soil OC after the application of compost is due to the composting
material and the rich microbial community, which contributes to the formation of soil organic
carbon (Deepak et al., 2017; Dhillon et al., 2018; Lorenz and Lal., 2016).

Tillage practices had a significant effect on soil total N in both locations, with minimum tillage
contributing more to total N than the conventional tillage (Table 2). This could be owing to
enhanced N protection inside micro and macro aggregates, resulting in lower N losses due to
leaching and organic matter decomposition (Wyngaard et al., 2012). Likewise, the cropping
systems was significantly affected the soil total N at Meskan, but remarkable variation not
observed at Hawassa Zuria. However, in both sites there was a tendency for better soil total N in
the RCS compared to MCS (Table 2). The findings of this study agree with those of Kirkegaard et
al. (2008) and Lupwayi et al. (2011). Total nitrogen content was significantly affected by nitrogen
fertilization (Table 2). The integrated N treatment had the highest TN (0.26% and 0.39% for
Hawassa Zuria and Meskan, respectively), indicating that more N was released through
mineralization of the compost added to the soil and due to the existence of high levels of respective
total N in the compost. Our findings are in line with those of Ashenafi et al. (2021) and Yan et al.
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(2007), who found that inorganic nitrogen influences most soil biological processes by promoting
microbial carbon use, which is critical for mineralization and nutrient transformation activities.

Table 2. Main effects of tillage, cropping systems and nitrogen fertilization on soil reaction,
organic carbon and total nitrogen contents of the surface layer of soils (0-20 cm)

Treatments Hawassa Zuria (Cambisols) Meskan (Chernozem)
pH OC((%) TN(%) C:N pH OC (%) TN (%) C:N

Tillage methods

MT 6.1° 2.61 0.252 10.52° 6.8 1.00 0.36* 11.31°
CT 6.22 2.59 0.23° 11.18* 6.8 3.98 033 12.11°
LSD (0.05) 0.06 ns 0.01 0.33 ns ns 0.02 0.83

Cropping systems

RCS 6.1 2.61 0.25 10.72 6.8 3.99 0.358  11.18°
MCS 6.2 2.60 0.21 1097 6.8 3.99 0.31°  11.97°
LSD (0.05) ns ns ns ns ns ns 0.01 0.37

Nitrogen fertilization

Control 6.0  251° 0.21¢ 11.81* 6.6¢ 3.83¢ 0.32¢ 11.91°
20 t ha' Compost 6.3*  2.682 021> 10.73* 7.0*0  1.11° 0.32¢  13.02°
16 kg N hal +10t ha! Compost 6.2%2  2.66% 0.26*  10.19¢ 6.9°  1.11° 0.392  10.57¢
92 kg N hat 6.1°  2.58° 0.25%® 10.63* 6.7°  3.88° 0.31°  11.37°
LSD (0.05) 0.1 0.01 0.01 0.17 0.08 0.03 0.01 0.53

Within the columns, means followed by the same letters are not significantly different at P < 0.05 according to LSD
test.

CONCLUSION

Soil management practices play a crucial role in influencing grain yield, nitrogen content, nitrogen
uptake, and grain protein content, as well as certain soil chemical properties. At both sites, the
conventional tillage and crop rotation system resulted in higher grain yield, nitrogen content,
uptake, and protein content compared to minimum tillage and monocropping systems.
Additionally, nitrogen fertilization had a significant impact on grain yield, nitrogen content, and
uptake, with the application of 92 kg N ha* and 46 kg N ha* + 10 t compost ha* showing superior
results at the Hawassa Zuria and Meskan sites, respectively. Consequently, a conventional tillage
combined with a haricot bean-maize rotation system, supplemented with either 92 kg N ha* alone
or 46 kg N hal + 10 t compost ha’l, is recommended for the Hawassa Zuria (Cambisols) and
Meskan (Chernozem) districts, respectively, to achieve optimal yield and nitrogen uptake.
However, for sustainable maize production in these areas, it is advisable to adopt an integrated
nitrogen treatment along with minimum tillage and legume-based crop rotation to enhance soil
properties, ultimately improving yields and nitrogen uptake.
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