


Effects of Selected Tillage Practices on Groundnut Pod Losses and Yield under Rainfed Conditions


ABSTRACT 
Soil preparation to achieve the desired seedbed is one of the most important cultivation practices that could play a crucial role in the productivity and loss reduction of the groundnut crop. A field experiment was conducted during the rainy season at West Kordofan, Sudan. The objective was to evaluate the effect of different tillage methods on pod losses and pod yield of rain-fed groundnut. Evaluated tillage practices were harrowing alone, harrowing + animal-drawn plough (locally termed koriyat), cultivator alone, cultivator + animal-drawn plough and animal-drawn plough as control. The experiment was laid out in randomized complete block design with three replicates. The results showed that the tillage practices had significant effects on groundnut pod losses. The highest percentage of pod loss was recorded under the harrowing of 7%, while the least percentage of 1.8% obtained under the combination of harrowing + animal-drawn plough. There were no significant differences among different tillage practices in pod and kernel yield of the groundnut. However, a combination of harrowing + animal drawn plough showed a slight increase in pod and kernel yield in comparison with other tillage practices. 
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1. INTRODUCTION
“In Sudan, agriculture is the main driver of the national economy, employing 49 per cent of the labour force and accounting for 32 per cent of the country’s economic output” (African Development Bank 2020). Crop production in Sudan is practised under three patterns: irrigated agriculture, semi-mechanized rainfed agriculture and traditional rainfed agriculture.
Groundnut or peanut (Arachis hypogaea L.) is one of the main and most significant cash crops grown in Sudan, providing about 5 % of the country's national income. It is a rich source of oil, protein, dietary fiber, minerals, and vitamins. It is cultivated in both irrigated and rain-fed sectors. Two varieties of groundnut are grown; the first one, called Spanish, is grown in rain-fed areas in the western part of the county (Darfur and Kordofan) 80% of the total production, whilst the other variety Virginia grows in irrigated areas in Gezeria and East Sudan. 
Pod losses during harvesting are substantial 20 to 30 percent. Soil moisture at the time of harvest, together with the type of cultivar and method of harvest, plays an important role in pod losses (Nautiyal, 2002). As stated by Jain et al., (2017) “moisture stress causes pod losses in the soil during harvesting due to soil compaction in light black soils”. “Compacted soil has a negative influence on peanut pods, making it hard for peanut pegs and decreasing pod numbers per plant” (Yang et al., 2020). Also pod loss is a result of pod pests and diseases (Tanzubil& Yahaya 2017).
In Sudan, groundnut yields are generally low in rainfed sector as compared to the irrigated sector. Rainfed groundnut characterized by small farmer’s holdings as well as most of the farming operations are entirely manual and predominantly carried out by family labor using traditional hand tools. Recently, many farmers in west Kordofan state are eager to adopt mechanization in their fields, particularly in preparing land and harvesting. So, several tillage implements and methods have been practiced by farmers. In irrigated sector the use of conventional soil preparation is dominant, while in rainfed sector many growers rely on traditional tillage practices as animal drawn plough, some of them use chisel plough, cultivator and disc harrow and other tillage implements in land preparation. The groundnut production depends largely on soil preparation operation to loosen the soil for obtaining the desired seedbed. Well-prepared seedbed using appropriate tillage methods plays a crucial role in facilitating the pegs penetration of groundnut into the soil. “Soil preparation is one of the solutions that could be used for proper crop development, to increase productivity, and loss reduction of peanut” (Ormond et al., (2018); Florence et al., (2021); Poonia et al., (2022) reported that pods yield can be increased by such tillage practices as the use of deep tillage, minimum tillage, bed tillage and ridge tillage. Kuotsu et al. (2014) reported that “broad bed and furrow and Raised bed land configurations under no tillage and residue mulching conditions for higher returns of groundnut-rapeseed cropping system under rainfed mid-hills condition”. “In lighter soils with a texture similar to loamy sand or sandy loam, reduced-till methods may even outperform conventional tillage in terms of kernel production” (Castillo et al., 2014; Jani et al., 2020). However, some of these tillage methods have undesirable effects concerning soil and crop. “Selecting a proper soil tillage practice that creates suitable soil conditions could be an excellent agronomic management strategy for enhancing peanut yield” (Yang et al., 2020). In Sudan, rain-fed farming is vulnerable to failure due to insufficient and/or unequal rainfall distribution. So, sustainable production of groundnut can be attained by adopting an appropriate tillage method that prevents soil degradation and maintains crop yield. There is a paucity of information on the influence of different tillage methods on rain-fed groundnut production in light soils. Therefore, there is a need to investigate the effects of a wide range of tillage methods on the groundnut pod losses and yield particularly in rainfed areas to increase the yield and maximise net income. Thus, the objective of the study is to evaluate the effect of selected tillage practices on pod losses and yield of the rain-fed groundnut under west Kordofan conditions.     
2. MATERIALS AND METHODS
A field experiment carried out in private farm during the 2022/2023 rainy season at Alsnout locality (Abongaoiy village), West Kordofan State, Sudan (latitude10o50՜ -12o30՜ N and longitudes 27o40՜ - 29oE) (Figure1). [image: ]
Fig. 1. Location of the study area

The climate is semi-arid relatively cool in winter and hot in summer. The rainfall distribution is erratic within the year and from year to year. The total amount of annual rainfall of the study area was 650 mm. The soil type is sandy loam characterized relatively by high content of sand. Soil physico-chemical properties of the experimental site are shown in (Table 1).



Table 1. Soil physical and chemical properties of the experimental site
	Soil sample depth (cm)
	0 – 15
	15 – 30

	pH
	6.50
	6.54

	Ec (ds/m)
	0.23
	0.18

	Na (m eq/l)
	0.323
	0.23

	K (m eq/l)
	0.16
	0.123

	N (%)
	0.017
	0.02

	P (ppm)
	2.5
	2.7

	Organic carbon (%)
	0.05
	0.055

	Bulk density (cm3/g)
	1.42
	1.47

	Particle density(cm3/g)
	2.64
	2.67

	Porosity (%)
	46.21
	44.94

	Clay (%)
	19.85
	19.71

	Silt (%)
	14.98
	14.61

	Sand (%)
	65.16
	65.68



The field manually cleared using traditional hoes and laid out prior to the tillage operation. The experiment was laid out in a randomized complete block design with three replications. Each replicate contained five plots (15 × 2 m). The treatments consisted of five tillage practices viz; harrowing alone, harrowing + animal-drawn plough (locally known koriyat), cultivator alone, cultivator + animal-drawn plough (koriyat) and animal-drawn plough (koriyat) as control. Plots of disc harrow alone, cultivator alone and animal drawn plough were ploughed once. The average depth of tillage measured using steel ruler and it was 12 cm for disc harrow, 18 cm for cultivator and 23 cm for animal drawn plough (koriyat). The width of cut and operating speed of each tillage implement were recorded. 
Groundnut local cultivar was planted manually at the rate of three seeds per hole at 25 cm intra-row and 40 cm inter-row spacing. Then groundnut seedlings were thinned from three plants to one, weeding operation was done manually, it is done by hoe. No fertilizer applied during the experiment. 
Harvesting was done manually; the soil moisture content was 18.5 %. The percent of pods loss was determined in each plot using the following formula (Azmoodeh-Mishamandani et al., 2014). 
The percent of unexposed pods loss =.                                    (1)
Where,
E = amount of detached pods remained inside the soil in the sampled area
A = total amount of pods collected from the plant in the sampled area.
The uprooting plants from each plot were sun-dried for 14 days. Then both dried pods and shelled nuts were weighed using sensitive balance to obtain grain yield per pod and kernel. Then yield per hectare which was obtained by weighing the grains from each plot then converted to kilogram per hectare using the following formula:
       Grain yield (kg/ha) =  ˟ 10000 m2                        (2)
Data collected were analyzed using Statistix 8 software computer program for analysis of variance and least significant difference (LSD) used to compare treatment means at the 5% significance levels. 
3. RESULTS AND DISCUSSION
3.1 Effect of tillage practices on the percentage of groundnut pod losses
The percentage of groundnut pod loss was significantly affected (P≤0.05) with different tillage practices. The harrowing had the highest percentage of pod loss is 7% as compared to other tillage practices followed by the cultivator + animal drawn plough (5.3%), while the combination of harrowing + animal drawn plough (koriyat) practice had the least pod loss of 1.8% (Figure 2). Higher pod losses under harrowing (disc harrow) could be probably to the effect of shallow disking which in turn led to harden soil surface (digging problems), as a result many pods remains into the soil. In most cases, disks in the tillage system are used for shallow tillage and surface forming after other types of primary tillage. As reported by Poonia, et al., (2022) the deep tillage has a positive effect when compared to shallow tillage helps in enabling better root and crop development. Also Jabro et al., (2016) stated that “tillage depth and intensity alter the soil's physical and chemical properties that affect plant growth and crop yields”. 
On the other hand, the reduction in pod loss in the combination of disc harrow + animal drawn plough practice could be ascribed to their favorable effects on soil  in terms of maximum disturbance which created by both implements. The resultant disturbance facilitates peanut pegs entering into the ground and develops the growth peanut pods. According to Carvalho Filho et al., (2007), “a greater soil mobilization allows a greater plant root system, which positively correlates with productivity”. Similar findings were observed by Ramachandran et al., (2015) and Tripathi et al., (2007).
Fig. 2. Effect of different tillage practices on pod losses
Bars with same letters are not statistically different while bars with different letters are significantly different (P< .05).




3.2 Effect of different tillage practices on groundnut pod and kernel yield 
[bookmark: _GoBack]Pod and kernel yield of groundnut showed non-significant differences (P˃0.05) among different tillage practices (Figure 3 and 4). However, harrowing + animal drawn plough in comparison with studied tillage practices showed a slight increase on pod and kernel yield. The combination of harrowing + animal-drawn plough compared to the animal-drawn plough (control) resulted in an increase on pod and kernel yield by 6.8% and 6.6%, respectively. The same trend was observed by Jat et al., (2021), they found the yield of groundnut under different tillage practices was similar. Bolonhezi et al., (2007) and Zhao et al., (2021) reported that, “tillage practices (conventional or conservationist), do not significantly affect pod yield”. Also Betiol et al., (2023) found that there were no significant differences in kernel yield under different tillage methods. However, these results are in contrast with the findings of Patil et al., (2010), Florence et al., (2021) and Poonia et al., (2022) they reported the groundnut yield is positively responded when using different tillage practices. 
It is noteworthy that in this study the combination of tillage practices such as disc harrow+ animal drawn plough and cultivator + animal drawn plough in comparison with using of disc harrow alone and the cultivator alone resulted in increase of 17.4%, 18.75% and 9.5%, 13.3% on pod and kernel yield respectively. This positive impact might be due to the maximum soil inversion that improved soil physical properties which in turn led to better crop growth and development. 
Fig. 3. Effect of different tillage practices on groundnut pod yield
Bars with same letters are not significantly different as separated by LSD test at the 5% significance level.

Figure 4. Effect of different tillage practices on kernel yield
Bars with same letters are not significantly different as separated by LSD test at the 5% significance level.

4. CONCLUSION
Based on the results obtained from the present study, it can be concluded that harrowing when compared with other tillage practices significantly increased pod losses of the groundnut. The pod and kernel yields of groundnut were not affected under different tillage methods. Further studies are needed to investigate other factors as soil physical properties and ground nut sowing methods (flat surface, broad-bed and furrow system and ridge and furrow system) and harvesting time.
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