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Keywords: Tillage Systems, A field experiment was carried out during the growing seasons
Rainfall, Watershed, Runoff, 2017/18 and 2018/19 under rainfed conditions to study the impact of
water harvesting, chisel plow and some tillage systems on rainfall water runoff in the Doka Watershed,
zero tillage. Gadarif State, Sudan. The 100 feddan experimental site was located

at a latitude of 12° 45” N, longitude of 35° 15" E, and elevation of 540
| | m above mean sea level. Three water harvesting treatment systems
10.5281/zenodo.14180004 were implemented: contour tillage (CT) (chisel plow + earth contour

embankments), zero tillage (ZT) (conservation tillage), and the
traditional farmer’s practice using the wide level disc (WLD) plow
which was taken as the control. The experiment was conducted in a
Randomized Complete Block Experimental Design (RCBD) with
three replications. The sorghum (Sorghum bicolor) Wad Ahmed
variety was used as an indicator plant. The statistical analysis
software MSTAT was used to analyze the data. The results show that
contour tillage produces the lowest amount of surface runoff
compared to the control. There was positive correlation between the
rainfall characteristic and the volume of surface runoff. It is evident
that contour tillage had a noticeable positive impact on the
management practices of vertisol by reducing surface runoff.

Introduction

Water is one of the most basic human needs. It impacts agriculture, energy, health, and human livelihoods.
Watersheds are commonly used for the management of natural resource in mountainous areas for several reasons.
One of the basic and important components of agricultural production technology is soil tillage (Ayman, et al.
2021). Tillage is defined as any physical loosening of soil during a range of cultivation operations, either manually
or mechanically (Ahn and Hintze, 1990). Soil tillage is a crop production technology that is among the leading
anthropogenic activities influencing water and soil hydrological functioning by regulating water flow processes
(Tapia-Vargas et al., 2001; Van de Giesen et al., 2011). Soil tillage is one of the main factors influencing soil
properties and crop yield Gondal. et al. (2021). Tillage contributes up to 20% of crop production factors (Khurshid
et al., 2006)
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Runoff occurs when there is more water than land can absorb. (FAO, 1976) defined Runoff as the portion of
precipitation, snowmelt, or irrigation water that appears in uncontrolled surface streams, rivers, drains, or sewers.
Runoff from agricultural land can carry with it deplete plant nutrients, such as nitrogen and phosphorus, into
streams, lakes, and groundwater and deprive soil of essential plant nutrients. Soil erosion refers to the wearing a
way of a field's topsoil by the natural physical forces of water and wind Balasubramanian (2017). Soil erosion is
a natural process in which the topsoil of a field is carried away by physical sources such as wind and water.
Conservation tillage is a generic term for the use of tillage techniques to promote in situ moisture conservation.
Rainfall in the semi-arid tropics (SAT) generally occurs in short torrential downpours. Most of this water is lost
as runoff, eroding significant quantities of precious top soil. The current rainwater-use efficiency for crop
production is low, ranging from 30% to 45% (Wani, et al. 2005)
The reduction or elimination of tillage enables minimal soil disturbance and permanent soil cover to be achieved
(Shahzad et al., 2016, Tarolli et al., 2019). Many previous studies have investigated the effects of soil tillage
systems on surface runoff generation (Ahuja et al., 1998; Green et al., 2019). Machado et al., (2015), Baumhardt
etal., 2017 and Mitchell et al., (2017) reported that conservation tillage involving reduced soil tillage and minimal
disturbances of the soil ecosystem enhances the reduction in surface runoff by improving the soil structure,
increasing soil aggregation and organic matter content, increasing storage of soil moisture, and improving the
water infiltration rate (Kahlonet al., 2013; Mitchell et al., 2017; Roper et al., 2013). However, Capowiez et al.,
(2009) reported no noticeable differences in the surface runoff and infiltration rate between conventional and
conservation tillage practices. Singh et al (2023) concluded that conservation tillage was effective in reducing
runoff and soil loss compared to conventional tillage.
Elwaleed (2019) examined the Effect of Some Tillage Systems on Surface Runoff and Soil Erosion. The results
showed that the second season had the best distribution and satisfaction pattern, and post-harvest tillage reduced
the average annual runoff and soil loss to the lowest values. Ayman, et al (2021) studied the effect of some
conservation tillage practices on the growth and yield attributes of rainfed sorghum, the Results showed that plant
height, stem diameter, number of leaves per plant, plant population, and grain yield (kg/ha) were not significantly
affected by the tillage practices during the first season Therefore, the objective of this study was to seek the best
water harvesting management practices to control surface runoff, which leads to better and improved rainfed
sorghum productivity in a specific watershed area at Doka, Gadarif State, Sudan.
Material and Methods
Experimental Site:
Field experiments were carried out during the growing seasons of 2017/18 and 2018/19 under rain-fed conditions
to study the impact of some Tillage systems on surface water runoff in the Doka Watershed, Gadarif State. The
100-feed experimental site was located at latitude 12° 45° N, longitude 35° 15 E, and an elevation of 540 m
above mean sea level.
The Gadaref state is generally divided into three distinct agro-ecological zones based on the amount of rainfall
and main agricultural characteristics. The northern zone receives less than 500 mm of rainfall annually. The
central zone has annual rainfall ranging from 500 and 600 mm, while the southern zone has rainfall ranging from
600 and 900 mm. The annual rainfall is concentrated in a single relatively short summer during June to September.
The topographical features of the study area include undulating relief from several major drainage systems. It has
two main drainage patterns to the east and west and is comprised of various large and small cross-sectional
seasonal streams (Ministry of Agriculture, Gadarif state, 2000).
The temperature ranged from a mean minimum of 21° C in January to a mean maximum of 37° C in April and
May.
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Experimental design:

The experiment was conducted in randomized complete block design (RCBD) with three replications. Sorghum
(variety Wad Ahmed) was grown as an indicator crop.

Tillage system treatments:

The following tillage treatments were implemented:

1. Contour tillage (chisel plow + earth contour embankment):
Contour tillage system on which the contour lines were determined inside the farm land in the direction

perpendicular to the slope, then dirt gears were made on those lines completely at distances ranging between 10
and 30 m to ensure that rainwater was distributed fairly and to prevent water accumulation at one place at the end
of the field. The land was then plowed with chisel plow following the contours to ensure that water was conserved
in the soil using 70 hp tractors.

2. Zero tillage (conservation tillage):
A no-till tillage system, which limits soil disturbance, was applied to the soil except for opening small holes for

seed placement using hand tools locally known as Gerraya. The seed holes were carefully dug through the stand
stubble of the previous season crop.

3. Wide-level discs as traditional farmers’ practice:

The wide level disc was used as a primary tillage implement during the summer time in July, just before the rainy
season, to mix the previous crop residues in the soil and as green discing after a few showers to control newly
germinated weeds by early August. The depth of cut for the WDL was less than 7.8 cm.

Data collection and measurements:

Rainfall measurement:

A rain gauge was used to measure the rainfall. The rain gauge was installed in the experimental site at 60 cm
above the ground (FAO 1976). Measurements were taken in the morning at 8:00 am after each rain event and
recorded as daily data for the previous day. A graduated measuring cylinder was used to measure the collected
rainfall amount, which was expressed as depth in millimeters.

Surface runoff measurement

To evaluate the effect of the tillage system on water loss through surface runoff during the growing seasons, a 3
m 3 m plot was identified and installed in each treatment plot, surrounded by earth embankments. A PVC pipe
leading from this identified plot was connected as a supply runoff line to an excavated pit (2.5x2.5x1 m) lined
with plastic sheet to prevent water seepage. The pit was protected with 30-cm earth embankments. After each rain
storm, the runoff water collected from the pit was measured. Then, the runoff water volume for each rain storm
was calculated as follows (Yousif 2011):

Net runoff volume = measured runoff volume — volume of direct rainwater falling into the pit (liters) -------------

The volume of direct rainfall = record of rain gauge divided by the area of collecting pit -------------- (2)

Percent soil moisture content determination:

Soil samples were randomly collected from three depths, (0-15 cm, 15-30 cm and 30-45 c¢m) at three locations
per plot using an auger for gravimetric soil moisture determination.

The soil samples were weighed fresh; oven- dried at 105°C for 24 h, reweighed, and gravimetric moisture content
was calculated by expressing the percentage of moisture on a dry mass basis (Michael, 1978):

gl (1] J—— ©)

Mass of moist sample - Mass of oven dry sample

Soil moisture content% =

Mass of oven dry sample
Plant parameters:
The effects of the tillage system treatments on crop performance were evaluated by measuring the following
parameters:
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Plant height(cm)

Hundred (100) seed grain weights

Grain yield (kg/ha)

. Fodder yield (kg/ha)

Crop Husbandry Practices:

The local sorghum late mature (Wad Ahmed) was selected as the indicator crop. It was sown at a rate of 4-5 seeds
per hole in rows 80 cm apart with an intra-row spacing of 20 cm. Plants were thinned to 1-2 plants per hole after
2 weeks of germination. Sowing was performed manually using hand tools locally known as Gerraya.

Results and Discussion

Rainfall:

The rainfall data recorded at the watershed site (season 2017-2018) and (season 2018-2019) is shown in Figures
1 and 2, respectively. The measured rainfall amounts were 685 mm and 784 mm for two consecutive seasons.
The highest amount was recorded in August for the two seasons. It appears that figure 2 has a better and normal
rainfall distribution than figure 1. Both seasons can be considered normal seasonal records. This result is
consistent with the findings of Salih et al. (2017) and Hermance (2020)
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Figure 1: Rainfall (mm) for Watershed recorded season (2017/2018)
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Figure 2: Rainfall (mm) for Watershed recorded season (2018/2019)

Effects of Tillage treatments on Runoff:

During the 2017/18 season, three rainfall events were recorded for which runoff was measured, as shown in Table
1. The conservation tillage treatment (ZT) produced the highest runoff in all measured events compared with the
other two treatments; contour tillage (CT) produced the lowest runoff. The analysis of results indicated that for
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the catchment, the runoff presented about 70 %, 69 %, and 59 % of 51 mm, 21 mm, and 71 mm, respectively.
Similarly, in the first season, three levels were recorded during which runoff was measured, as shown in the table
2. The conservation tillage (ZT) treatment resulted in the highest runoff in all measured events compared with the
other two treatments. Contour tillage (WLD) resulted in the recorded lowest runoff. There is a positive correlation
between the rainfall characteristic and the volume of surface runoff. This result agreed with Elamin. et al. (2019);
Singh et al; (2023); Descroix.et al (2001) reported that was high linear correlations were found between erosion
rates and runoff coefficients. An et al (2020) fined that the rainfall intensity significantly affected the loss of
aggregate, which was due to that erosion process and.

Table 1: Effects of tillage treatments on surface run off (m3/ha) Season (2017/2018)

Date: 28-8-2017 Date: 29-8-2017 Date :1-9-2017
Tillage treatments Rainfall: 51 mm Rainfall :21 mm Rainfall :71 mm
Runoff m3/ha Runoff m3/ha Runoff m3/ha
Contour tillage (CT) 409.9 129.7 328.7
Conservation tillage (ZT) 470.6 172.7 476.9
Wide-level disc traditional framer
practice control (WLD) 220.7 134.2 459.1
Mean 367.1 1455 421.5

Table 2: Effects of tillage treatments on surface run off (m3/ha) Season (2018/2019)

Tillage treatments

Date: 30-7-2018
Rainfall: 51 mm

Date: 23 -8-2018
Rainfall: 24.1 mm

Date: 10 -9-2018
Rainfall: 42 mm

Runoff m3/ha

Runoff m3/ha

Runoff m3/ha

Contour tillage (CT) 218.1 32.2 128.7
Conservation tillage (ZT) 247.9 49.75 276.9
Wide-level disc traditional framer | 248.73 61.20 259.1
practice—control (WLD)

Mean 238.2 47.71 2215

Effects of tillage treatments on Soil moisture content:

Table 3 shows that the results of soil moisture content in the first season showed no significant differences
between the tillage treatments; however, conservation (ZT) conserved more water than the other treatments. In
the second season, the results show significant differences between the tillage treatments: contour tillage treatment
(CT) recorded a higher percentage of soil moisture content on average of 33.7%, while conservation tillage (ZT)
recorded 29.2% on average the least value of moisture content 28.4 obtained by Wide level Disc control (WLD)
record. The results obtained agreed with Modiba et al. (2024), who reported that the mean values of soil moisture
content (SMC) are affected by tillage and soil depth; tillage significantly impacted SMC. Gondal et al. (2021)
concluded that contour tillage (CT) is effective in increasing crop yields due to improved soil properties and
increased soil moisture.
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Table 3: Effects of tillage treatments on soil moisture content (%) Season (2017/2018)

Germination stage Development stage At harvesting
Tillage treatments

0-15 | 15- 30| 30- 45| 0-15 |15- 30| 30- 45| 0-15 | 15- 30| 30-45

cm | cm cm cm cm cm cm cm cm
Contour tillage (CT) 211 (244 19.3 29.3 | 265 27.6 154 | 20.8 17.9
Conservation tillage (ZT) | 26.1 | 30.1 28.4 30.8 |30.7 29.1 158 | 184 20.9
Wide-level disc | 26.6 | 27.5 25.5 30.1 |28.9 29.7 18.3 | 19.7 19.8
traditional framer
practice—control (WLD)
Mean 24.6 | 27.3 24.4 30.1 |28.7 28.8 16.5 |19.6 19.5
Cv 157 | 7.9 7.8 4.1 9.5 1.6 112 |54 10.0
SE+ 222 | 1.24 1.10 0.71 1.58 0.27 1.07 |0.61 1.13

Table 4: Effects of tillage treatments on soil moisture content (%) Season (2018/2019)

Germination stage Development stage At harvesting
Tillage treatments 0-15 | 15- 30 | 30- 45| 0-15 | 15- 30 |30- 45|0-15 |15- 30|30- 45
cm cm cm cm cm cm cm cm cm

Contour tillage (CT) [39.9a |34.2a |26.4a |425a |345a |30.la |[39.7a |33.3a |23.2a

Conservation tillage | 33.6c | 29.3b | 22.7ab | 39.6b |33.6b |25.0b |355b |24.9b | 18.6a
(ZT)

Wide-level disc | 36.90b | 22.8b | 21.4b |37.4b |312b |26.2ab |35.1b |24.2b |20.5a
traditional framer

practice control

(WLD)

Mean 36.8 304 | 235 39.8 |331 27.1 36.6 27.5 20.8
Cv 5.8 11.1 17.1 132 9.6 14.1 7.9 6.1 30.5
SE+ 0.88 1.4 1.6 2.2 1.3 1.6 1.2 0.68 2.84

4.1 Effects of tillage treatments on sorghum yield and yield components

Tables 5 and 6 reveal the effect of tillage treatments on sorghum yield and yield component, in the first season,
Contour tillage (CT) and conservation tillage (ZT) interventions resulted in significantly higher over the Wide
level Disc (WLD) practice for yield. Contour tillage (CT) out-yielding farmer practices by 187% and 130% for
grain and Fodder yields, respectively (Table 5). In the second season, contour tillage (CT) resulted in significantly
higher Plant height, 1000 seed, and grain yield over the Wide level Disc (WLD) practice, whereas no significant
differences were detected between contour (CT) tillage and conservation tillage (ZT). However, wide-level Disc
(WLD) intervention resulted in significantly higher over conservation (ZT) tillage and Contour tillage (CT) for
the number of plants and fodder weight (table 6). The results agree with those of Ayman, et al (2021), L1. (2015),
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and Gondal et al (2021), who found contour tillage (CT) to be effective in increasing crop yields due to improved
soil properties and increased soil moisture.
Table 5: Effects of tillage treatments on Sorghum yield and yield component Season (2017/2018)

Plant height | No of plant | 1000 seed | Fodder wt. | Seed yield
Tillage treatments (cm) /m2 wt. (9) (t/ha) (kg/ha)
Contour tillage (CT) 131.0 6.7 26.1 5.68 a 3213.33a
Conservation tillage (ZT) 130.6 5.6 26.5 4.15 ab 2426.67 ab
Wide-level disc traditional | 116.3 8.3 25.9 2.47 b 1120.00 b
framer practice control (WLD)
Mean 126.0 6.8 26.1 4097.78 2253.33
CVv 10.3 21.7 4.0 28.2 37.8
SE+ 7.48 0.86 0.59 665.91 491.34
Table 6: Effects of tillage treatments on Sorghum yield and yield component Season (2018/2019)
Tillage treatments Plant height | No of plant | 1000 seed | Fodder wt. | Seed yield
(cm) /m2 wt. () (t/ha) (kg/ha)
Contour tillage (CT) 125.0a 9.8b 39.3a 3.1b 1578.23a
Conservation tillage (ZT) 127.0a 106 b 37.0b 35a 1350.98b
Wide-level disc traditional framer | 121.9b 11.2a 34.8¢c 3.6a 1225.37c
practice control (WLD)
Mean 124.0 10.5 37.0 3.4 1394.32
CVv 1.23 4.1 3.0 6.0 5.03
SE+ 063 0.18 0.04 0.05 28.6
Conclusions
> The Doka watershed in the southern Gadaref region is characterized at a high rate of rainfall from May to
September.
> Contour tillage (CT) practices produced low surface water runoff, enhanced the conservation of soil

moisture, and gave high yields, whereas traditional farmer practices (WLD) by wide level disc resulted in high

plant populations and low yields.
Recommendations:

Contour tillage (CT) is recommended as an appropriate technique under such environmental and soil conditions.
Further study along similar lines are highly recommended.
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