ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/335253230

Dryland Grain Sorghum (Sorghum bicolor) Yield and Yield Component
Responses to Tillage and Mulch Practices Under Subtropical African
Conditions

Article in Agricultural Research - August 2019

DOI: 10.1007/540003-019-00427-5

CITATION READS
1 346
3 authors:
Masaka Johnson Jephias Dera
Midlands State University Agronomy Research Institute
75 PUBLICATIONS 1,810 CITATIONS 5 PUBLICATIONS 5 CITATIONS
SEE PROFILE SEE PROFILE

Kudakwashe Collins Ralph Muringaniza
Midlands State University
7 PUBLICATIONS 58 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et “Climate Change Adaptations in Dryland Agriculture in Semi-Arid Areas” View project

roject  OWN research with students at Midlands State University View project

All content following this page was uploaded by Kudakwashe Collins Ralph Muringaniza on 16 December 2019.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/335253230_Dryland_Grain_Sorghum_Sorghum_bicolor_Yield_and_Yield_Component_Responses_to_Tillage_and_Mulch_Practices_Under_Subtropical_African_Conditions?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/335253230_Dryland_Grain_Sorghum_Sorghum_bicolor_Yield_and_Yield_Component_Responses_to_Tillage_and_Mulch_Practices_Under_Subtropical_African_Conditions?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Climate-Change-Adaptations-in-Dryland-Agriculture-in-Semi-Arid-Areas?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/own-research-with-students-at-Midlands-State-University?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Masaka-Johnson?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Masaka-Johnson?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Midlands-State-University?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Masaka-Johnson?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jephias-Dera?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jephias-Dera?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jephias-Dera?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kudakwashe-Collins-Ralph-Muringaniza?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kudakwashe-Collins-Ralph-Muringaniza?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Midlands-State-University?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kudakwashe-Collins-Ralph-Muringaniza?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kudakwashe-Collins-Ralph-Muringaniza?enrichId=rgreq-1c7be5b0c0ea6c54eea710e4030dc00f-XXX&enrichSource=Y292ZXJQYWdlOzMzNTI1MzIzMDtBUzo4MzY3NjUzODQ0NDU5NTNAMTU3NjUxMTgyMjE0Nw%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Dryland Grain Sorghum (Sorghum
bicolor) Yield and Yield Component
Responses to Tillage and Mulch Practices
Under Subtropical African Conditions

J. Masaka, J. Dera & K. Muringaniza

Agricultural Research
ISSN 2249-720X

Agric Res
DOI 10.1007/s40003-019-00427-5

Agricultural
Research

@ Springer



Your article is protected by copyright and all
rights are held exclusively by NAAS (National
Academy of Agricultural Sciences). This e-
offprint is for personal use only and shall not
be self-archived in electronic repositories. If
you wish to self-archive your article, please
use the accepted manuscript version for
posting on your own website. You may
further deposit the accepted manuscript
version in any repository, provided it is only
made publicly available 12 months after
official publication or later and provided
acknowledgement is given to the original
source of publication and a link is inserted
to the published article on Springer's
website. The link must be accompanied by
the following text: "The final publication is
available at link.springer.com”.

@ Springer



Agric Res q

https://doi.org/10.1007/s40003-019-00427-5 Check for

updates

FULL-LENGTH RESEARCH ARTICLE

Dryland Grain Sorghum (Sorghum bicolor) Yield and Yield
Component Responses to Tillage and Mulch Practices Under
Subtropical African Conditions

J. Masaka'® - J. Dera® - K. Muringaniza®

Received: 8 January 2019/ Accepted: 19 July 2019
© NAAS (National Academy of Agricultural Sciences) 2019

Abstract In the African subtropical zones, the choice of tillage practice is critical to sustainable rainfed crop production.
Two season (2015 and 2016) field trials were conducted at Matopos Research Institute (20°24'S; 28°29’E, 1340 m above
sea level) in southern Zimbabwe in order to determine dryland grain sorghum yield and 1000 kernel weight responses to
tillage and mulch practices under African subtropical conditions. Sorghum grain yield was highest in planting basin tillage
plots under 4 T ha™" sorghum stover mulch application (3140.9 kg ha™" for year 2015 and 3415.7 kg ha™"' for year 2016).
The 1000 kernel weights in both years were least in ripper tillage and greatest in planting basin tillage field trial plots. The
mass of 1000 sorghum kernels on planting basin tillage subplots under 2 T ha™' sorghum stover mulching was 8.6 g
(25.1%) and 8.4 g (24.2%) in excess of that recorded on mulched ripper subplots for 2015 season. For the season 2016,
mass of 1000 sorghum kernels on planting basin tillage subplots under 4 T ha™' sorghum stover mulching was 9.1 g
(22.9%) and 8.4 g (21.1%) in excess of that recorded on mulched ripper subplots. The adoption of the planting basin tillage
under sorghum stover mulching, a technology designed for smallholder farmers with limited access to animal draft power,
can improve considerably the dryland sorghum grain yield and weight of 1000 kernels.

Keywords Conventional - Planting basin - Ripper tillage practice - Grain sorghum yield

Introduction

In the arid and semiarid climates, water and soil resources
are the largest constraining factors for sustainable rainfed
crop production. Conservation tillage practices for dryland
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most important cereal crop after wheat with a total pro-
duction of 20 million T per annum [5, 7, 36]. In subtropical
Africa, sorghum is mainly grown as rainfed grain crop in
areas receiving low, erratic and highly variable annual
rainfall totals ranging from 400 to 600 mm [14]. Despite its
resilience to adverse environmental conditions, research
has indicated that the production potential of grain sor-
ghum is considerably limited by soil water deficit in
semiarid areas of subtropical Africa [12, 32, 39].
Conservation tillage systems in semiarid zones can
effectively harvest rainwater and conserve soil moisture
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[4]. Reduced tillage is the more appropriate tillage option
for the marginal areas where small grains are mainly grown
as it tends to conserve moisture and put the low amount of
rainfall received to maximum use [2, 6]. Conservation til-
lage practices do not only conserve soil and water resour-
ces, but simultaneously reduce energy usage and increase
or sustain crop production for the resource-poor small-
holder farmers [6].

Conservation tillage systems for grain sorghum pro-
duction in which artificial micro-catchments are created for
retention of water during heavy rainfall events can result in
significant gains in soil moisture due to reduced runoff
losses [14, 15]. The use of planting basin tillage has been
recommended to smallholder households with limited or no
access to draft animals. Ripping is targeted for smallholder
farmers with some draft animal power [16, 17]. The
planting basin conservation tillage package was first
developed by Oldrieve [28] in Zimbabwe. The central
component of the planting basin conservation tillage sys-
tem is the planting basin. In tillage planting basins, the
seeds are sown in small basins which are simple pits that
can be dug with hand hoes without having to plow the
whole field [38, 39]. In southern Zimbabwe, the planting of
the basins takes place in November/December after the
basins have captured rainwater and then drained naturally
at least once. Immediately, after the first effective rainfall
event the smallholder farmers lacking animal draft power
plant the sorghum seed rather than wait for draft animals to
become available several weeks into the season [38].

Aune et al. [3], Ozpinar and Cay [29], Rockstrém et al.
[33] and Baudron et al. [4] have reported strong relation-
ships between crop residue management, tillage and soil
moisture retention. As a combination to the planting basin
tillage systems, the smallholder farmers spread crop resi-
dues as a surface mulch to reduce soil losses early in the
season, conserve moisture later in the season and enrich the
soil with nutrients and organic matter as the residues
decompose [40]. The use of surface organic mulch or straw
can store more precipitation water in soil by reducing storm
runoff, increasing infiltration and decreasing evaporation
[19, 20].

While grain sorghum has a comparative advantage over
other summer crops related to its wider adaptability to
limited soil moisture conditions, its dryland production is
characterized by considerable variability in yield as crop
performance depends highly on soil moisture availability
[21]. Soil management practices that increase soil water
storage have a positive impact on water use efficiency [38].
The current study is based on the hypothesis that reduced
tillage farming strategies coupled with organic mulching
would increase considerably the rainfed grain sorghum
yield and weight of a 1000 kernel in southern Zimbabwe.

@ Springer

Materials and Methods
Site Description

The field experiments were conducted at Matopos
Research Institute (20°24'S; 28°29’E, 1340 m above sea
level) which is located at 34 km south of Bulawayo in
southern Zimbabwe (Fig. 1). The field experimental site is
in agroecological region IV, which receives total rainfall
ranging from 250 to 650 mm per annum (average
450 mm). The mean annual temperature is 27°C with
insignificant frost occurrence in the months of June and
July. Climatic conditions are characterized by a dry winter
season that extends from April to September and a wet
summer season that normally starts during the month of
October up to March [25, 26]. The experimental soil is a
Chromic-Leptic Cambisol derived from basaltic greenstone
[15].

Experimental Soil Characterization

Fifteen soil samples were collected from the experimental
site using a soil auger at depths of 0-20; 20-60 and
60-100 cm for soil characterization. A composite soil
sample was obtained after mixing the soil samples in a
clean plastic bucket. The composite soil sample was then
air air-dried, sieved (<2 mm) and characterized for
mechanical constituents (Table 1). The texture of soil was
obtained using the Bouyoucos hydrometer method [9]. Soil
organic carbon was determined using the Walkley and
Black method described by Nelson and Sommers [27]. The
pH of the experimental soil was determined by weighing a
15-g soil sample in a 200-ml honey jar to which 75 ml
0.1 M CaCl, was added. Thereafter, the mixture was
thoroughly shaken mechanically for 30 min and pH was
determined using a digital pH meter (Model: Orion 701,
Orion Manufacturing, MI, USA). Total N was measured by
the Kjeldahl method described by Bremner [10]. The bulk
density of experimental soil was determined by the core
method [8].

Land Preparation and Plot Establishment

The field trial was conducted during the summer seasons
(November—April) of 2015 and 2016 in fixed plots. The
land preparation on the 27 plots was undertaken according
to the treatments which included conventional, planting
basin and ripper tillage systems coupled with sorghum
stover mulch applications. The net plot size was
8.0 m x 4.0 m. An oxen-drawn plow (farmer’s practice)
was used in the conventional tillage to prepare the seedbed.
All treatments, including the control plots, were subjected
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Table 1 Chemical and physical properties of the experimental soil
Soil depth  Soil pH Org-C N Sand Clay Silt  Total porosity Bulk density Saturation gravimetric water
(cm) (H,0) (%) mgkg™' (B (%) (%) (em’em™) (g em™) g™
0-20 7.5 0.90 29.3 35 40 25 0.49 1.36 0.52
20-60 7.7 0.76 21.8 33 50 17 0.44 1.4 0.66
60—100 7.9 0.52 18.1 27 63 10 0.40 1.4 0.70

to a basal fertilizer application of 80 kg ha™' of compound
D fertilizer (10% N; 20% P,0s, 10% K,O and 6.5% S)
applied by spreading on the surface. At 5 weeks after
planting, the sorghum test crop in all treatments was sub-
jected to a top dressing application of ammonium nitrate
fertilizer (34.5% N) at 200 kg ha™ .

The planting basins were dug to dimensions of 15 cm
deep x 15 cm width x 15 cm length using a hand hoe.
Ripper lines were established by digging a 20-cm-deep line
in the trial plots using a hoe. For each of the conventional,
planting basin and ripper tillage main plots, three subplots
were created where 0, 2 and 4 T ha™' of sorghum stover
mulch were applied. The mulch was applied at the same
time in all plots at seed sowing stage of the trial. Uniform

seeds of the semidwarf sorghum cultivar Macia were
treated with fungicide captan [cis-N-(trichloromethyl) thio-
4-cyclohexane-1,2-dicarboximide] against seed-borne dis-
eases. Sowing was done with a hand drill maintaining inter-
row spacing of 90 cm and in-row spacing of 20 cm after
thinning on ripper and conventional tillage. The planting
basins had spacing of 90 cm x 60 cm with three plants per
basin after thinning. The indicated plant spacing for the
two tillage systems resolved into 55 500 plants ha~'. The
sorghum variety Macia was selected in the trial run among
others because it has a number of useful characteristics
such as short plant height that is convenient for pest bird
scaring, large head size, high yield, low dehulling losses
and good eating quality. The seed was sown after the first
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significant rainfall event (at least 50 mm) during the month
of October for each of the two seasons.

Experimental Treatments, Design and Test Crop
Management

The field trials had 27 plots distributed into a completely
randomized block design in split-plot arrangement in
which the three tillage types (conventional, planting basin
and ripper line) were the main plot and mulching was the
subplot replicated three times. In each tillage type, three
rates of mulching were tested (0; 2 and 4 T/ha). Hand
hoeing was used to keep the experimental plots weed-free
at 3 and 6 weeks after transplanting. Carbaryl (1-naphthyl
methylcarbamate) dust was applied at 4 weeks after
planting to prevent potential insect damage during the
vegetative growth of the sorghum crop.

Grain Sorghum Yield Measurements

Grain sorghum was harvested from ten randomly selected
plants of the four central plant rows of each subplot after
physiological maturity stage at 20 percent moisture with
minimum mechanical damage to the seed. Mature panicles
were severed at the base, dried artificially to a grain
moisture of 12.5% and hand threshed. The grain sampled
from each subplot was weighed to the nearest tenth of a kg.
Randomly selected 1000 kernels from the subplots were
weighed and recorded.

Statistical Analysis

The treatment effects on measured variables were analyzed
using GLM procedure of SAS statistical software, version
9.1 [34]. Differences between treatment means were
judged significant at p < 0.05 as determined by Fisher’s
protected least significant difference test. Mean separation
was performed using the LSD. Statistical significance of
the differences between measured variables in the main
plots which were subjected to three tillage types and in the
subplots subjected to applications of sorghum stover mulch
was established by performing 7 test for unpaired samples.

Results and Discussion

Weather Conditions

The 2015 and 2016 summer cropping seasons in the
experimental area were characterized by limited and erratic
rainfall with hotter average temperature (Fig. 2). Rainfall

and temperature data were collected daily at 10.00 h from a
rain gauge at the study site. The meteorological station

@ Springer

records daily weather data. Rainfall amounts in the study
area were variable for the 2 years (Fig. 2).

Thirty-nine percent (160 mm) of the total rainfall
(408 mm) was received in the first half of the 2015 summer
cropping season (October to December; Fig. 2). The first
three months of the 2016 summer season recorded 251 mm
of rainfall representing 51% of the total rainfall recorded
for the season (419 mm).

The annual rainfall amounts received in each of the two
seasons (408 and 419 mm) were below the long-term
average rainfall (570 mm) received at Matopos. The
occurrence of annual rainfall totals below the normal
average rainfall which was recorded for the two seasons
signifies the need for sorghum smallholder farmers in the
region to adopt cultural practices that extend the period of
water availability to the sorghum crop. The grain filling
phenological period, a critical late growth stage for the
sorghum crop, coincided with decreasing rainfall totals for
both summer rain seasons (Fig. 2). Research has estab-
lished that soil water stress during the grain filling period is
also critical to grain weight and, consequently, the sorghum
grain yield [1, 39]. It has been proven that a stress at grain
filling phenological stage in the growth and development of
sorghum plant could result in either a reduction in photo-
synthesis due to the closure of stomates [35] or a reduction
in photosynthate movement to the developing grain [37]. A
related study conducted by Carlos et al. [11] concluded that
the grain filling period in the development and growth of
grain sorghum is characterized by a rapid translocation of
minerals and photosynthates from the roots, stems and
leaves to the developing grain.

Grain Yield Response to Tillage and Mulching

Figures 3 and 4 show comparative variabilities in the sor-
ghum grain yield under the conventional and conservation
tillage types subjected to three levels of application of
sorghum stover mulching. Results indicate that the propa-
gation of sorghum using conventional and conservation
tillage types under different rates of sorghum stover
mulching had a significant effect (p < 0.05) on the grain
yield of sorghum grown under dryland subtropical condi-
tions. Sorghum grain yield in basin tillage subplots sub-
jected to 4 T ha~' mulch application recorded the highest
grain yield (31409 kgha™' for year 2015 and
3415.7 kg ha™' for year 2016). The main plots subjected to
ripper tillage across the three levels of mulching recorded
the lowest grain yield of 1246.5; 1737.9; 2117.2 kg ha™!
and 1113.4; 1405.7; 1987.8 kg ha™! for the years 2015 and
2016, respectively (Figs. 3, 4).

The second highest recordings of sorghum grain yield
occurred on plots that received mulching under conven-
tional tillage systems. When compared with conventional
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tillage type, plots under conservation tillage with planting
basins under O; 2 and 4 T ha™! mulching cover were 21.3%
(3239 kgha™"); 372% (7362kgha”'); 132%
(3662 kgha™") and 29.0% (539.7kgha™'); 17.9%
(454.7 kg ha™") and 15.0% (445.6 kg ha™") of sorghum
grain yield in excess of that recorded under conventional
tillage for the years 2015 and 2016, respectively.

In sub-Saharan Africa, the intra-season dry spells, which
are a common event, have a severe impact on the sorghum
grain crop production [26, 33], especially if they coincide
with critical stages of crop development as indicated in
Fig. 2. The use of water harvesting techniques can improve
water supply to the crops in rainfed cropping systems [8].
In related studies on tillage systems and grain yield of
sorghum by Gebrekidan [18] and Hiremath et al. [23], it
was established that conservation tillage systems can result
in significant gains in soil moisture due to reduced runoff
losses. The upgraded rainwater harvesting and soil mois-
ture retention in planting basin minimum tillage plots
substantially improved the sorghum crop’s resilience to the
late summer season droughts. Grain sorghum yield in the
planting basin tillage plots for both years was corre-
spondingly higher than in the conventional and ripper til-
lage plots. In addition to the above, the enhanced crop
growth under planting basin tillage practice increases the
opportunity to return more organic matter as mulch into the
cropping system, which in turn increases soil moisture
retention.

Study results show that the substitution of planting
basins with ripper lines in conservation tillage under 0; 2
and 4 Tha™' organic mulch significantly reduced
(p < 0.05) grain sorghum yield by 601.0 kg ha™' (32.5%);
976.6 kg ha™' (36.0%) and 1023.7 kg ha™' (32.6%) for
the year 2015; 1289.7 (53.7%); 1585.4 kg ha™! (53.0%)
and 1427.9 kg ha™' (41.8%) for the year 2016, respec-
tively (Fig. 3).

Generally, ripping in minimum tillage systems is
employed to facilitate root growth and to access subsoil
moisture [26, 36]. Accessing subsoil moisture implies that
deep ripping machines must be employed to break through
the deeper soil layer, allowing root access to unconstrained
soil water beneath this layer [6, 32, 40]. In the current
study, the ripper lines were barely deeper than the rec-
ommended 27 cm [39] and, as a consequence, could not
reach the deep seated soil moisture which could have
increased the grain sorghum yield on plots subjected to
ripper minimum tillage systems.

Results show that the grain yield of dryland sorghum
appeared to increase considerably (p < 0.05) with
increasing rates of application of sorghum stover mulch in
conventional, planting basin and ripper tillage systems for
the years 2015 and 2016 (Fig. 3). When compared with the
control (0 T ha™"), the application of 2 T sorghum stover
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mulch ha™! significantly increased (as shown by the error
bars in Figs. 3, 4) the grain yield of sorghum in plots
subjected to conventional; planting basin and ripper tillage
practices by 30.0% (454.7 kg ha™"); 46.9%
(867.0 kg ha™") and 39.4% (491.4 kg ha™"), respectively,
for the 2015 summer season. The application of 2 T of
mulching organic material ha~' in conventional; planting
basin and ripper tillage plots improved the yield of sor-
ghum by 36.1% (673.1 kg ha™'); 24.5% (588.0 kg ha™")
and 26.3% (292.3 kg ha_l) in excess of that recorded in
the control plots for the year 2016 (Fig. 3). When the
mulching rates were increased from 2 to 4 T ha™', grain
sorghum yield increased substantially (p < 0.05; Figs. 3, 4)
by 796.4 kg (40.3%); 426.4 kg (15.7%) and 379.3 (21.8%)
ha™' in the conventional; planting basin and ripper tillage
practices plots for the year 2015, respectively. Plots sub-
jected to conventional; planting basin and ripper tillage
practices under 4 T ha~' mulching rate recorded 433.7;
424.6 and 582.1 kg of grain sorghum yield ha™', respec-
tively, in excess of those recorded for plots subjected to
same tillage practices under 2 T ha~' of mulch application
for the year 2016.

Related research by Gebrekidan [2] and Hiremath et al.
[18] has demonstrated that organic mulching is beneficial
for the sorghum crop growth through its positive effects on
soil environment as it modifies the variabilities of soil
temperature, reduces surface evaporation of soil water,
suppresses weed growth and minimizes soil compaction
and erosion. The use of planting basins and organic mulch
as cover can result in significant gains in soil moisture due
to reduced runoff losses and evapotranspiration
[24, 26, 30].

Daniel et al. [13] reported a 25 to 50% increase in
rainwater infiltration when surface crop residue is used as
mulch under no-till as compared to conventional tillage
system. Due to high summer season temperatures in the
subtropics of Africa (Fig. 2), soil water evaporation can
reach 30 to 50% of the total rainfall leaving only 10 to 30%
for crop transpiration [31]. Consequently, the combination
of conservation tillage practice with organic mulching
effectively increases the dryland grain sorghum yield for
smallholder farmers.

Weight of 1000 Sorghum Kernel Response to Tillage
and Mulching

The results of analysis of variance for mean squares show
that the weight of 1000 grains of sorghum was significantly
(p < 0.05) influenced by the tillage types and mulch rates
(Figs. 5, 6). Generally, kernel weight in plots subjected to
conservation tillage practices was higher than that recorded
in conventional tillage plots. Sorghum 1000-seed weight in
both years was least with ripper tillage and greatest with
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planting basin tillage. Within the conservation tillage main
plot, the planting basin tillage practice subplots covered
with organic mulch recorded significantly higher weight of
1000 kernels (p < 0.05) when compared with that recorded
on the ripper tillage subplots (Figs. 5, 6) for the two sea-
sons. Results show that the mass of 1000 sorghum kernels
on planting basin tillage subplots under 2 and 4 T ha™'
sorghum stover mulching was 8.6 g (25.1%) and 9.1 g
(22.9%); 8.4 g (24.2%) and 8.4 g (21.1%) in excess of that
recorded on mulched ripper subplots for 2015 and 2016
seasons, respectively. The lowest 1000 kernel weights were
recorded on subplots subjected to ripper tillage.

In a study on grain sorghum response to row spacing and
plant populations in the Texas Coastal Bend region, Fer-
nandez et al. [17] reported that grain development and
individual grain weight are a function of the quantity of
photosynthates reaching the grain during the grain filling
phenological stage. Consequently, the environmental con-
ditions which interfere with the plant’s physiological

2015 summer season
Basin tillage

Ripper tillage
+
Mulch I Mulch

Basin Ripper

Tillage type
mO0Tmulch ®2Tmulch ™ 4Tmulch

2016 summer season

Basin tillage Ripper tillage
+
Mulch I Mulch
Basin Rippper
Tillage type

®O0Tmulch ®2Tmulch ™ 4Tmulch

functions will considerably reduce grain weight. The use of
basin tillage improved the mass of 1000 grains by 11.1 to
13.5% compared with conventional tillage over two sea-
sons. Specifically, the application of 2 and 4 T ha™' of the
mulch on subplots with planting basin moisture conserva-
tion system improved the 1000 sorghum kernel weight by
4.6 g (13.5%) and 4.4 g (11.1%); 3.9 g (11.2%) and 4.4 g
(12.4%) above those recorded on plots subjected to con-
ventional tillage under mulch for the years 2015 and 2016,
respectively.

The three tillage treatments with O; 2 and 4 T ha™!
sorghum stover mulching harvested and stored different
quantities of rainwater with the planting basins having
considerably higher rainwater harvested and soil water
retention for both seasons. The conventional and conser-
vation tillage treatments affected soil surface micro-to-
pography differently. Specifically, the mosaic of 0.9 m and
0.6 m spaced planting basins covered with sorghum stover
mulch generated considerably higher surface roughness

@ Springer
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when compared with the conventional and ripper tillage
treatments resulting in elevated rainwater harvesting,
infiltration and retention of soil water. A related study
carried out by Guzha [22] on effect of tillage on soil micro-
relief, surface depression storage and soil water storage
reported greater potential for depression water storage with
higher surface roughness. In the current field trial, the
greater rainwater harvesting, water infiltration and soil
water storage in tillage planting basins covered with higher
rate of sorghum stover mulch translated into higher 1000
kernel weight.

Conclusions

The results from the field trials have demonstrated that the
choice of tillage practice is critical to crop performance in
the African subtropical zones. Planting basin tillage under
sorghum stover mulching, a technology designed for
smallholder farmers with limited access to animal draft
power, improved considerably dryland sorghum grain yield
and weight of 1000 kernels. The sorghum grain yield from
the three tillage practices in the current trial was higher
than the average dryland sorghum grain yield of
800 kg ha™' realized by the smallholder farmers in the
semiarid areas of Zimbabwe due to the superior capacity of
a combination of tillage practices with soil surface mois-
ture conserving sorghum stover mulch applications.

Authors’ Contribution JM designed the experiment, analyzed and
described the results and compiled the manuscript. JD executed the
experiment and collected data. KM analyzed samples in the labora-
tory and performed statistical analyses.

Compliance with Ethical Standards

Conflict of interest There are no potential conflicts of interest.

References

1. Asadi ME (2017) Conservation agriculture practices in Golestan
province, Iran: turning research into impact. Agric Mech 3:28-32

2. Astatke A, Jabbar M, Tanner D (2003) Participatory conservation
tillage research: an experience with minimum tillage on an
Ethiopian highland Vertisol. Agric Ecosys Environ 95:401-415

3. Aune JB, Bussa MT, Asfaw FG, Ayele AA (2001) The ox
ploughing system in Ethiopia—can it be sustained. Outlook Agr
30:275-280

4. Baudron F, Tittonell P, Corbeels M, Letourmy P, Giller KE
(2011) Comparative performance of conservation agriculture and
current smallholder farming practices in semi-arid Zambia. Field
Crops Res. https://doi.org/10.1016/j.fcr.2011.09.008

5. Beatley T, Brower DJ, Schwab AK (2002) An introduction to
coastal zone management, 2nd edn. Island Press, Washington,
DC, p 329

@ Springer

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Bescansa P, Imaz MJ, Virto J, Hoogmoed WB (2006) Soil water

retention as affected by tillage and residue management in
semiarid Spain. Soil Tillage Res 87(1):19-27.
https://doi.org/10.1016/j.stil1.2005.02.028

. Bhadha JH, Alvarez O, Lang TA, Giurcanu MC, Daroub SH

(2016) Growth efficacy of sorghum and rice amended with dried
versus composted aquatic vegetation. Sustain Agric Res 5:92-102

. Black GG, Hartge KH (1986) Bulk density. Methods of soil

analysis. Part 3 ASA Madison, WI

. Bouyoucos GJ (1965) Hydrometer method improved for making

particle size analysis of soils. Agron J 27:738-741

Bremner JM (1996) N total. In: Sparks DL et al (eds) Methods of
soil analysis: Part 3. Chemical methods, (Number 5) in the Soil
Science Society of America. Book series Soil Science Society of
America, Inc., American Society of Agronomy, Inc., Madison,
Wisconsin, USA, pp 1085-1121

Fernandez CJ, Fromme DD, Grichar JW (2012) Grain Sorghum
response to row spacing and plant populations in the Texas
coastal bend region. Int J Agron.
https://doi.org/10.1155/2012/238634

Chepngetich E, Bett EK, Nyamwaro SO, Kizito K (2014) Anal-
ysis of technical efficiency of Sorghum production in lower
Eastern Kenya: a data envelopment analysis (DEA) approach.
J Econ Sustain Dev 5(4):324-339

Daniel JB, Abaye AO, Alley MM, Adcoc CW, Maitland JC
(1999) Winter annual cover crops in a Virginia. No-till cotton
production system: II. Cover and tillage effects on oil moisture,
cotton yield, and cotton quality. J Cotton Sci 3:84-91

Dicko MH, Gruppen H, Traore AS, Voragen AGJ, Berkel WJH
(2006) Sorghum grain as human food in Africa: relevance of
content of starch and amylase activities. Afr J Biotechnol
5(5):384-395

. FAO/ITASA/ISRIC/ISS-CAS/JRC (2012) Harmonized world soil

database (version 1.2). FAO, Rome

FAOSTAT (2013) Food and agricultural commodities produc-
tion. Italy, Rome

Fernandez CJ, Fromme DD, Grichar WJ (2012) Grain sorghum
response to row spacing and plant populations in the Texas
Coastal Bend region. Int J Agron 4:1-6.
https://doi.org/10.1155/2012/238634

Gebrekidan H (2003) Grain yield response of sorghum (Sorghum
bicolor) to tied ridges and planting methods on entisols and
vertisols of Alemaya, Eastern Ethiopia Highlands. J Agric Rural
Dev Trop Sub Trop 104:113-128

Gebreyesus B, Wortmann CS, Mamo M, Gebrekidan H, Belay A
(2006) Micro-basin tillage for grain sorghum production in
semiarid areas of northern Ethiopia. Agron J 98:124-128
Gebreyesus BT, Wortmann CS (2008) Tie-ridge tillage for high
altitude pulse production in northern Ethiopia. Agron J
100:447-453

Gulshan M, Rakesh S, Kumar A, Singh KG (2007) Effect of
plastic mulch on economizing irrigation water and weed control
in baby corn sown by different methods. Afr J Agric Res
2(1):19-26

Guzha AC (2004) Effect of tillage on soil micro-relief, surface
depression storage and soil water storage. Soil Tillage Res
76:105-114

Hiremath SM, Hebbi BS, Halikatti SI (2003) Performance of rabi
sorghum as influenced by nitrogen and in situ soil moisture
conservation practices in kharif sunnhemp for green manuring.
Karnataka J Agric Sci 16:216-219

Howell TA, Schneider AD, Dusek DA (2002) Effects of furrow
diking on corn response to limited and full sprinkler irrigation.
Soil Sci Soc Am J 66:222-227


https://doi.org/10.1016/j.fcr.2011.09.008
https://doi.org/10.1016/j.still.2005.02.028
https://doi.org/10.1155/2012/238634
https://doi.org/10.1155/2012/238634

Agric Res

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kassam A, Friedrich T, Derpsch R (2009) Global spread of
conservation agriculture. Int J Environ Stud 7(4):292-320.
https://doi.org/10.3763/ijas.2009.0477

Mupangwa W, Twomlow S, Walker S (2012) Reduced tillage,
mulching and rotational effects on maize (Zea mays L.), cowpea
(Vigna unguiculata (Walp) L.) and sorghum (Sorghum bicolor L.
(Moench)) yields under semi-arid conditions. Field Crops Res
132:139-148

Nelson DW, Sommers LE (1996) Methods of determination of
total organic carbon (TOC) in soils and sediments. In: Page 688
AL (ed) Total C, organic C and organic matter. Ecological Risk
Assessment Center, Office of Research and Development, US.
Environmental Protection Agency, Las Vegas, pp 456-691
Oldrieve B (1993) Conservation farming for small-scale reset-
tlement and co-operative farmers of Zimbabwe. Mazonogororo
paper converters, Pvt. Ltd, A Farm management handbook
Ozpinar S, Cay A (2005) Effects of minimum and conventional
tillage systems on soil properties and yield of winter wheat
(Triticum aestivum L.) in clay-loam in the Canakkale region.
Turkish J Agric Forest 9:9-18

Pendke MS, Lomte MH, Gitte AU (2004) Effect of soil and water
conservation practices on runoff, soil loss and yield of pigeon
pea. J Maharashtra Agric Univ 29:319-321

Rockstrom J (2003) Water for food and nature in drought-prone
tropics: vapor shift in rain-fed agriculture. Phil Trans R Soc Land
358:1997-2009

Rockstrom J, Barron J, Fox P (2002) Rainwater management for
increased productivity among smallholder farmers in drought
prone environments. Phys Chem Earth 27:949-959

Rockstrom JP, Kaumbutho P, Mwalley AW, Nzabid M, Temes-
gen L, Mawenyac J, Barron J, Mutua S, Damgaard L (2009)
Conservation farming strategies in East and Southern Africa:

34.

35.

36.

37.

38.

39.

40.

yields and rainwater productivity from on-farm action research.
Soil Tillage Res 103:23-32

SAS (2007) Statistical Analysis Systems SAS/STAT user’s guide
Version 9.1 Cary NC: SAS Institute Inc. USA

Shahid M, ShahidIbni Z, Tassadduq R, Waseem A (2014) Effect
of tillage and mulching on soil fertility and grain yield of sor-
ghum. Sci Agric 1:31-36.
https://doi.org/10.15192/PSCP.SA.2014.4.1.3136

Taylor JRN, Serrem SC, De Kock HL (2011) Nutritional quality,
sensory quality and consumer acceptability of sorghum and bread
wheat biscuits fortified with defatted soy flour. Int J Food Sci
Technol 124:74-83

Tekle Y, Zemach S (2014) Evaluation of sorghum (Sorghum
bicolor (L.) Moench) varieties, for yield and yield components at
Kako, Southern Ethiopia. J Plant Sci 2(4):129-133.
https://doi.org/10.11648/j.jps.201.40204.12

Twomlow SJ, Steyn JT, du Preez CC (2006) Dryland farming in
southern Africa. Chapter 19. In: Dryland agriculture, 2nd en.
Agronomy monograph No. 23. American Society of Agronomy,
Madison, Wisconsin, pp 769-836

Twomlow S, Riches C, O’Neill D, Brookes P, Ellis-Jones J
(1999) Sustainable dryland smallholder farming in sub-Saharan
Africa. J Arid Zone 38(2):93-135

Twomlow SJ, Bruneau PMC (2000) The influence of tillage on
semi-arid soil-water regimes in Zimbabwe. Geoderma 95:33-51

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3763/ijas.2009.0477
https://doi.org/10.15192/PSCP.SA.2014.4.1.3136
https://doi.org/10.11648/j.jps.201.40204.12
https://www.researchgate.net/publication/335253230

	Dryland Grain Sorghum (Sorghum bicolor) Yield and Yield Component Responses to Tillage and Mulch Practices Under Subtropical African Conditions
	Abstract
	Introduction
	Materials and Methods
	Site Description
	Experimental Soil Characterization
	Land Preparation and Plot Establishment
	Experimental Treatments, Design and Test Crop Management
	Grain Sorghum Yield Measurements
	Statistical Analysis

	Results and Discussion
	Weather Conditions
	Grain Yield Response to Tillage and Mulching
	Weight of 1000 Sorghum Kernel Response to Tillage and Mulching

	Conclusions
	Authors’ Contribution
	References




