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 Abstract 
This study was conducted at the Faculty of Agriculture, University of 

The Nile Valley, during the 2018 and 2019 winter season to evaluate the 

effects of forward speed and tire inflation pressure on tractor perfor-

mance. Tillage operations were carried out using an 83-hp tractor 

equipped with a three-bottom disc plow. Three levels of tire inflation 

pressure and three forward speeds were tested. The evaluated indicators 

included wheel slip, fuel consumption, and field capacity. The results 

showed that both forward speed and tire inflation pressure significantly 

affected all studied parameters. Wheel slip and fuel consumption in-

creased with increasing forward speed and tire inflation pressure, 

whereas field capacity improved with higher forward speeds and appro-

priate tire pressure levels. A significant interaction between forward 

speed and tire inflation pressure was observed for wheel slip and fuel 

consumption, while no significant interaction was found in field capaci-

ty. These findings highlight the importance of proper adjustment of op-

erating speed and tire inflation pressure to improve tractor performance 

and reduce traction losses and fuel consumption. 

Keywords: Tire inflation pressure, forward speed, slip, fuel consump-

tion, field capacity 

*: محمثثثثثث  بحمثثثثثث    ثثثثثث  ¹باحثثثثثث  ا   ال
 *¹المولى بحم 

قسثثا الدس  ثثز اليةا كثثز  لزكثثز اليةا ثثز   
 جامعز  ادي السيل   ط رة  السودان

 
الباحثثث  اليثثثان : حسثثثر الطثثثا ر ةحمثثثز  

 الله.
صثثثثثثثثثس  ك نلثثثثثثثثثل ال  سولوجكثثثثثثثثثا  ال سمكثثثثثثثثثز 

 اليةا كز   ط رة  السودان
 

 
 ى أداء الجرارتأثير ضغط النفخ في الإطارات والسرعة الأمامية عل

ي بُجريت  ذه ال ةا ز بكزكز اليةا ز  جامعز  ادي السيل  خلا  المو ا الش و  المستخلص:
  بد ف تليكا تأثير السر ز الأمامكز  ضغط نفخ الإطاةات  زى بعض مؤشرات 2018/2019

راث حصانًا مي د بمح 83بداء الجراة اليةا  . نُفذت  مزكات الحراثز با  خ ام جراة بل ةة 
قرص  ثلاث   حي  تا اخ باة ثلاث مس ويات مر ضغط نفخ الإطاةات  ثلاث  ر ات بمامكز 

درت مخ زفز. شمزت المؤشرات الم ة  ز نسبز ا ني ك  ا  دلاك الوقود   السعز الحلزكز. بظ
 ة  ز. ت المالس ائج بن السر ز الأمامكز  ضغط الإطاةات بثّرا تأثيرًا معسويًا  زى جمكع الم غيرا

عز   ازداد ا ني ك  ا  دلاك الوقود بييادة السر ز  ضغط الإطاةات  ف  حير تحسست السفل
فا ل الحلزكز مع زيادة السر ز  ضبط ضغط الإطاةات. لما بظدر تحزيل ال باير اليسائ   جود ت

معسوي بير السر ز  ضغط الإطاةات ف  حال   ا ني ك  ا  دلاك الوقود  بيسما لا يكر 
امكز الأم ويًا بالسسبز لزسعز الحلزكز.  تؤل  الس ائج ب مكز الضبط الم  امل لزسر زال فا ل معس

 . ضغط نفخ الإطاةات ل حسير الأداء ال شغيز   تلزيل الفاق  ف  الجر  ا  دلاك الوقود
 سعزمكز  ا ني ك  ا  دلاك الوقود  الضغط نفخ الإطاةات  السر ز ا :الكلمات المفتاحية

 ةقليالح

https://doi.org/10.54172/pv1amn75
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Al-Mukhtar Journal of Agricultural, Veterinary and Environmental Science 03 (3): 267-274, 2025                page   268of 

8 

 

INTRODUCTION 

Recent studies have increasingly focused on the effects of tire inflation pressure and forward 

speed on agricultural tractor performance, due to their significant influence on tractive efficiency, 

wheel slip, fuel consumption, and soil preservation. Wheel slip is a critical indicator of tire–soil 

interaction, as excessive wheel slip leads to power losses and higher energy consumption. Con-

temporary research confirms that slip is not governed solely by vertical wheel load, but is strong-

ly affected by tire inflation pressure and operating speed. 

Experimental evidence indicates that reducing tire inflation pressure enhances the tire–soil con-

tact area, resulting in improved traction and reduced slip, particularly at low to moderate forward 

speeds. Franceschetti et al. (2025) reported that lower inflation pressures significantly improved 

drawbar pull and tractive efficiency, although these benefits diminished at higher speeds due to 

increased rolling resistance and dynamic losses. Similarly, Li et al. (2024) demonstrated that in-

creased contact length under low inflation pressure leads to more uniform stress distribution and 

reduced relative slip. 

The interaction between forward speed and tire inflation pressure has also been shown to play a 

decisive role in tractor performance. According to Akhmetov et al. (2024), low inflation pressure 

combined with moderate speed reduces soil stress and improves tractor stability, whereas higher 

pressures increase wheel slip, especially in soils with higher moisture content.  Moreover, recent 

modeling studies by Kumar et al. (2025) emphasized that integrated optimization of tire pressure 

and forward speed yields superior overall performance compared with independent parameter ad-

justment. Overall, the literature highlights that appropriate matching of tire inflation pressure and 

forward speed is essential for optimizing tractor performance, minimizing energy losses, and pre-

serving soil physical properties. However, further field-based investigations are required to quan-

tify their combined effects under varying operating conditions, which provide the basis for the 

present study. 

MATERIALS AND METHODS 

The experiment was conducted at the Faculty of Agriculture, University of The Nile Valley, Su-

dan, during the winter season of 2018/2019. An 83 hp Landin 8860 tractor equipped with a three-

bottom disc plow was used for tillage operations (Tables 1 and 2). Three levels of tire inflation 
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pressure (10, 20, and 30 kPa) and three forward speeds were evaluated. Wheel slip, fuel consump-

tion, and field capacity were measured during the experiment. Each treatment was replicated three 

times. The collected data were statistically analyzed using two-way analysis of variance (ANO-

VA) to determine the effects of forward speed, tire inflation pressure, and their interaction on the 

studied parameters 

 

Table:(1). Specifications of Landin 8860-wheel tractor 

 

 

 

 

 

 

 

 

 

 

Table:(2). Specifications of Disc plow 

 

 

 

 

 

 

 

 

Results and Discussion 

Effect of Forward Speed and Tire Inflation Pressure on Slip:A two-way analysis of variance 

(ANOVA) was conducted to evaluate the effects of forward speed (S) and tire inflation pressure 

(P) on wheel slip at a significance level of α = 0.05. The statistical results are presented in Table 

3, while the interaction effect is illustrated in Figure 1. 

As shown in Table 3, forward speed exerted a highly significant effect on slip, with slip increas-

ing markedly as speed increased. This behavior can be attributed to the intensification of dynamic 

forces at the tire–surface interface, which leads to reduced effective traction. This trend is con-

sistent with classical vehicle dynamics theory, where higher operating speeds are associated with 

increased slip ratios and reduced friction utilization (Gillespie, 1992; Wong, 2010).  

SPECIFICATIONS Super 8860 ROPS 

Tractor Power (hp) 83.6 

Engine Perkins 4cyl 

Transmission Speeds 12 

Front Tires 12.4R24 

Rear Tires 18.4R30 

Engine Capacity (L) 4.4L 

Ground Speed PTO Standard 

Weight 4WD (without ballast) (kg) 3147 

Specifications Disc plow 

Mark Super - AF 

Make Brazil 

Width of cut 97cm 

Number of units 3 

Hitching 3point linkage 

Tractor power   50 kw 
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Tire inflation pressure also had a significant influence on slip. Variations in inflation pressure 

modify the tire–soil contact area and stress distribution, thereby directly affecting traction per-

formance. This effect has been widely documented in tire mechanics studies, where tire inflation 

pressure is considered a governing factor in contact behavior and energy dissipation (Pacejka, 

2006). Furthermore, improper inflation pressure has been shown to cause non-uniform stress dis-

tribution and increased energy losses at the tire–ground interface (Besselink et al., 2010). 

Moreover, a statistically significant interaction between forward speed and tire inflation pressure 

was observed, indicating that the effect of tire pressure on slip depends on the operating speed. As 

illustrated in Figure 1, the non-parallel response curves confirm that pressure variations have a 

more pronounced impact on slip at higher speeds. This finding agrees with Li et al. (2018), who 

emphasized that independent control of speed or tire pressure is insufficient under high-speed 

conditions, and that integrated operational strategies are required to effectively minimize slip.  

Table:(3). Two-way ANOVA results for slip 

Source of variation df Sum of Squares (SS) F-value p-value 

Speed (S) 2 120.86 433.94 < 0.001 

Tire pressure (P) 2 44.99 161.52 < 0.001 

S × P interaction 4 3.33 5.98 0.003 

Error 18 2.51 — — 

Total 26 171.69 — — 

 

 

 

 

 

 

 

 

 

Figure: (1). Interaction plot showing the combined effect of forward speed and tire inflation pressure on slip. 
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Effect of Forward Speed and Tire Inflation Pressure on Field Capacity: The effects of forward 

speed and tire inflation pressure on field capacity were analyzed using a two-way ANOVA. The 

statistical outcomes are summarized in Table 4, and the interaction pattern is shown in Figure 2.  

According to Table 4, both forward speed and tire inflation pressure significantly affected field 

capacity. The increase in field capacity with forward speed is primarily attributed to the greater 

area covered per unit time, which is consistent with fundamental principles of agricultural mech-

anization (Hunt, 2001; Srivastava et al., 2006). Tire inflation pressure also contributed signifi-

cantly to improvements in field capacity. Higher pressure levels reduce rolling resistance and im-

prove power transfer efficiency, resulting in enhanced operational performance. Similar observa-

tions were reported by Grisso et al. (2014), who highlighted the importance of proper tire pres-

sure management for improving the overall efficiency of agricultural machinery. In contrast, the 

interaction between speed and tire pressure was not statistically significant, indicating that their 

effects on field capacity act largely independently, as illustrated in Figure 2. 

Table:(4). Two-way ANOVA results for field capacity 

Source of variation SS df MS F p-value 

Speed (S) 0.1267 2 0.0634 12.33 0.00042 

Tire pressure (P) 1.0807 2 0.5403 105.18 < 0.0001 

S × P interaction 0.0156 4 0.0039 0.76 0.566 

Error 0.0925 18 0.0051 — — 

Total 1.3154 26 — — — 
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Figure: (2). Interaction plot showing the combined effect of forward speed and tire inflation pressure on field capacity 

(ha h⁻¹). 

Effect of Forward Speed and Tire Inflation Pressure on Fuel Consumption :The combined 

effects of forward speed and tire inflation pressure on fuel consumption (L h -1)were evaluated 

using a two-way ANOVA at a significance level of α = 0.05. The statistical results are summa-

rized in Table 5, while the interaction trends are illustrated in Figure 3. 

As shown in Figure 3, fuel consumption increased consistently with increasing tire inflation pres-

sure across all forward speed levels. This behavior can be attributed to increased rolling re-

sistance caused by changes in tire deformation and contact characteristics, which directly increase 

energy losses during operation. Similar findings were reported by Taylor et al. (2006), who iden-

tified improper tire inflation pressure as a major contributor to increased fuel consumption, par-

ticularly under heavy operating loads. 

In addition, fuel consumption increased with forward speed at any given pressure level due to 

higher power demand associated with elevated operating speeds. This observation is consistent 

with established vehicle dynamics principles (Gillespie, 1992; Wong, 2010). The analysis further 

revealed a significant interaction between forward speed and tire inflation pressure, indicating 

that the effect of tire pressure on fuel consumption depends on the operating speed. As reported 

by Taghavifar and Mardani (2015), the adverse impact of high tire pressure on fuel efficiency be-

comes more pronounced at higher speeds, which explains the steeper increase in fuel consump-

tion observed in Figure 3. 

Overall, these findings demonstrate that slip, field capacity, and fuel consumption are governed 

by the combined effects of forward speed and tire inflation pressure rather than by either factor 

alone. Therefore, optimizing machine performance and fuel efficiency requires integrated man-

agement of operating speed and tire inflation pressure, particularly under high-speed operating 

conditions 

Table:(5). Two-way ANOVA results for fuel consumption 

Source of variation df Sum of Squares (SS) Mean Square (MS) F-value p-value 

Speed (S) 2 4.127 2.063 92.85 < 0.001 

Tire pressure (P) 2 16.296 8.148 366.65 < 0.001 

S × P interaction 4 0.444 0.111 5.00 < 0.01 

Error 18 0.400 0.022 — — 

Total 26 21.267 — — — 
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Figure: (3). Interaction plot showing the combined effect of forward speed and tire inflation pressure on fuel consump-

tion (Lh⁻¹).  

Overall, the results demonstrate that slip, field capacity, and fuel consumption are governed by 

the combined effects of forward speed and tire inflation pressure rather than by either factor 

alone. While field capacity is primarily influenced by the independent contributions of speed and 

pressure, slip and fuel consumption are strongly affected by their interaction, particularly at high-

er speeds. Therefore, optimizing machine performance, traction efficiency, and fuel economy re-

quires an integrated management strategy that simultaneously considers both operating speed and 

tire inflation pressure 

Conclusion 

The study demonstrated that tractor performance is strongly influenced by forward speed and tire 

inflation pressure. Increasing forward speed resulted in higher wheel slip and fuel consumption, 

while improving field capacity. Tire inflation pressure played a critical role in controlling traction 

efficiency and fuel use, particularly at higher speeds. Therefore, proper and combined adjustment 

of forward speed and tire inflation pressure is recommended to improve tractor performance, re-

duce traction losses, and enhance fuel efficiency under field conditions. 
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