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ABSTRACT

Background: Efficient soil management is critical for enhancing crop productivity, yet many farmers continue using conventional
self-owned tillage tools without understanding their long-term impact on soil structure and crop performance. Sunflower (Helianthus
annuus L.) is an economically vital oilseed crop whose optimal growth is highly dependent on soil conditions. Thus, investigating
the role of tillage implements in modifying soil structure and influencing sunflower growth and yield parameters is essential to
improve sustainable farming practices.

Objective: The present study aimed to comparatively assess the effects of cultivator and disk harrow-based tillage systems on field
efficiency, soil structure, growth, and yield performance of sunflower crop under silt loam soil conditions.

Methods: A field experiment was conducted during the Rabi season of 2019-2020 at Latif Experimental Farm, Sindh Agriculture
University, Tandojam. Treatments included cultivator two passes (C2), punj hari one pass plus cultivator two passes (P1C2), disk
harrow two passes (DH2), and punj hari one pass plus disk harrow two passes (P1DH2). The trial followed a randomized complete
block design with three replications. Key soil properties (moisture content, dry bulk density, porosity, mean weight diameter) and
growth parameters (seedling emergence, plant height, head diameter, stalk diameter, 1000 seed weight, seed yield) were recorded
and statistically analyzed using LSD test at a 5% significance level.

Results: Field efficiency was highest under PIDH2 (74.5%) and lowest under C2 (68.1%). P1C2 treatment exhibited maximum soil
moisture content (9.61%), highest porosity (50.94%), and lowest dry bulk density (1.30 g/cm?). Seedling emergence (95.8%), plant
height (147 cm), head diameter (47 cm), stalk diameter (5.83 cm), 1000 seed weight (60.20 g), seed moisture content (11.23%), and
seed yield (3.55 t/ha) were significantly superior under P1C2. Conversely, DH2 produced the least favorable outcomes across all
parameters measured.

Conclusion: The combination of punj hari and two passes of cultivator (P1C2) markedly improved soil structure and enhanced
sunflower growth and yield, offering a promising tillage approach for maximizing productivity in silt loam soils.

Keywords: Crop Growth and Yield; Field Efficiency; Soil Structure; Sunflower; Tillage Implements; Tillage Practices; Yield
Improvement.
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INTRODUCTION

Sunflower (Helianthus annuus L.) stands as one of the world's most significant oilseed crops, ranking fourth globally by cultivated area.
Its seeds, botanically classified as achenes, are notable for their high oil content, ranging between 40% and 50%, and a substantial
protein composition of approximately 20%—27% (1). The oil derived from sunflower seeds is highly valued for its superior quality and
elevated oleic acid content, both of which are recognized for their beneficial role in regulating blood cholesterol levels, making sunflower
oil a preferred dietary component for individuals with cardiovascular conditions (2). Globally, sunflower production is estimated at 48
million tons, with Pakistan contributing 85,900 tons, achieving an average seed yield of 1040 kg ha™* (3). Despite its importance, Pakistan
faces a substantial gap in meeting its edible oil demand; only 28% of the required 2.966 million tons are produced locally, forcing the
country to rely heavily on imports, second only to petroleum (3,4). A critical factor underpinning this low domestic productivity is
suboptimal soil management, primarily arising from inappropriate tillage practices that impair seedbed conditions (4). Tillage practices
are pivotal in altering soil physical properties, including dry bulk density, porosity, moisture retention, and root penetration capacity, all
of which directly influence plant growth and crop yields (5). However, when unsuitable implements are employed, these practices may
fail to achieve the desired soil structure, leading to compromised crop development. Studies have consistently demonstrated that the
type of tillage implement used exerts a significant impact on soil physical attributes. For instance, chisel plow combined with tine
cultivator passes and moldboard plow followed by tine cultivator have been associated with reduced soil compaction and increased
moisture retention compared to single-pass operations with disk harrow or tine cultivator alone (6). Similarly, disk plow combined with
cultivator operations in clay soil has resulted in better moisture conservation compared to the sole use of tine cultivators (7).

Further evidence suggests that primary tillage with a cultivator, followed by seedbed preparation with a disk harrow, optimizes seedling
emergence and improves yield outcomes (8). Modern tillage trends have increasingly favored the use of rotary tillers for seedbed
preparation, residue incorporation, and soil amendment mixing, reflecting a broader shift towards practices that enhance soil health
(7,8). Combinations such as moldboard plow plus rotary tiller, or chisel plow plus rotary tiller, have been shown to significantly lower
dry bulk density and penetration resistance, particularly in the upper 5—10 cm soil layer (9). In the province of Sindh, Pakistan, disk
harrows and tine cultivators dominate as the principal tillage implements, readily available and widely used across diverse soil types.
Most farmers, however, possess limited knowledge of tillage-soil-plant interactions and tend to persist with self-owned implements in
an effort to minimize operational costs. While cost-effective in the short term, such practices often disregard the adverse long-term
impacts on soil structure and crop productivity. Excessive and indiscriminate passes with disk harrows and tine cultivators have been
implicated in soil organic matter depletion, nutrient loss, and escalating production costs, culminating in a notable decline in overall
agricultural productivity (10). Despite their prevalence, the persistent and inappropriate use of disk harrow and tine cultivator has
deteriorated soil quality across many farming systems in Sindh, negatively influencing crop yields. This concerning trend underlines a
critical knowledge gap regarding the comparative effects of these implements on soil structure and crop performance. Addressing this
gap is essential not only to enhance crop yield and soil health but also to optimize field operations and reduce production costs
sustainably. Given the crucial role of soil structure in crop success and the widespread reliance on traditional tillage methods, there is
an urgent need to investigate the comparative field efficiency of commonly used tillage implements and their subsequent impact on soil
physical properties, plant growth, and yield. Therefore, the present study was designed to conduct a comparative evaluation of cultivator
and disk harrow tillage implements, focusing on their effects on field efficiency, soil structure, and the growth and yield of sunflower,
with the objective of identifying more sustainable and productive tillage practices suited to the agronomic conditions of Sindh, Pakistan.

METHODS

The field experiment was conducted to assess the impact of cultivator and disk harrow on field efficiency, soil structure, growth, and
yield of the sunflower crop at Latif Experimental Farm of Sindh Agriculture University, Tandojam (25° 26" 36.56"N latitude, 68° 32’
20.42"E longitude, 26 m altitude) during the Rabi season of 2019-2020. Ethical approval for conducting the experiment was granted by
the Institutional Research Ethics Committee of Sindh Agriculture University, Tandojam. Although the study did not involve human or
animal participants, ethical oversight was sought as part of institutional requirements. The experiment was designed as a Randomized
Complete Block Design (RCBD) with three replications to ensure the reliability and validity of the findings. The total experimental area
(32 m x 60 m) was divided into nine plots, each measuring 10 m x 15 m. The treatments included cultivator two passes (C2), punj hari
one pass followed by cultivator two passes (P1C2), disk harrow two passes (DH2), and punj hari one pass followed by disk harrow two
passes (P1DH2). These treatments were selected to represent commonly practiced tillage combinations among local farmers and to
capture the differences in soil structure modification and crop performance. Field efficiency parameters were assessed following the
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operational methodology (11). Operating speed was calculated using the formula: Operating Speed (km h™") = (Distance (km)) / (Time
(h)). The theoretical field capacity was determined as:

Theoretical field capacity (ha h™) = (Speed (km h™") x Width of Machine (m)) / 10.

Effective field capacity was measured by:

Effective field capacity (ha h™') = (Total area covered (ha)) / (Time required (h)).

Finally, field efficiency was calculated by:

Field efficiency (%) = (Effective field capacity) / (Theoretical field capacity) x 100.

Physical properties of the soil were evaluated both before tillage and after the harvest of the sunflower crop. Soil samples were collected
at three depths: 0—15 cm, 16-30 cm, and 3145 cm. Soil texture was determined using the Bouyoucos Hydrometer method (12), and the
field capacity of the soil was evaluated by the Veihmeyer and Hendrickson method (13).

Soil moisture content (%) was measured gravimetrically as described by Blake and Hartge (14) using the following formula:

Moisture content (%) = (Weight of water) / (Weight of dry soil) % 100.

Dry bulk density (g/cm?®) was determined using:

Dry bulk density (g/cm?®) = (Dry weight of soil) / (Total volume of soil).

Soil porosity (%) was assessed using the relationship:

n=1-pd/ps x 100, where pd represents dry bulk density and ps indicates particle density.

Soil aggregation was measured through mean weight diameter (MWD) following the method of Van Bavel (15) using the formula:
MWD = Y '(xi x wi), where xi is the mean diameter of each size fraction and wi is the proportion of total sample weight in that fraction.
Crop management practices were standardized across treatments to minimize confounding factors. Sunflower cultivar HO-1 was sown
manually in the third week of January at a seeding rate of 10 kg ha™!. Row spacing was maintained at 75 cm with an intra-row plant
spacing of 25 cm to ensure optimal growth conditions. Irrigation was applied based on soil moisture monitoring, ensuring water was
provided when the soil moisture content dropped to 60% of field capacity, as recommended by the Ministry of Food, Agriculture, and
Livestock guidelines (16). Soil moisture depletion (SMD) was calculated using the formula: SMD = 6f — 6o, where 0f is the moisture
content at field capacity (%) and 6o is the moisture content at 60% SMD. Moisture content on a dry weight basis was computed as:

0 =((Ww —Wd))/ (Wd) x 100, where Ww is the wet weight and Wd is the oven dry weight of the soil.

Fertilizers were applied according to standard agronomic practices. Nitrogen (N) was applied at the rate of 35-45 kg ha™, phosphorus
(P20s) at 30-35 kg ha™', and potassium (K-0) at 15 kg ha™'. Phosphorus, potassium, and half of the nitrogen were applied at sowing,
while the remaining nitrogen was top-dressed when plants reached approximately 30 cm in height (17). Manual weeding was carried
out uniformly across all plots to prevent competition effects. Growth and yield parameters were systematically recorded. Emergence
was counted as one-week post-sowing, while plant height at maturity, head diameter, stalk diameter, and number of plants per plot were
measured at five randomly selected locations within each plot. Mature sunflower heads were harvested manually, sun-dried, and
threshed. A 1000-seed weight was determined by using an electronic balance to assess seed mass uniformity. Seed yield per plot was
calculated using the following formula:

Seed yield (t ha™) = (Seed weight (kg/plot) x 10000 m?) / (Plot size (m?)) x 100.

Seed moisture content was determined using the relation:

Seed moisture content (g/kg) = ((Fresh weight — Dry weight)) / (Fresh weight) x 1000.

The data collected were statistically analyzed using Statistic 8.1 software (Analytical Software, 2005). Analysis of variance (ANOVA)
was performed to identify significant differences among treatments, and mean comparisons were conducted using the Least Significant
Difference (LSD) test at a 5% probability level, where appropriate.

RESULTS

The present study evaluated the comparative effects of cultivator and disk harrow tillage practices on field efficiency, soil structure, and
the growth and yield of sunflower crop. Tillage treatments significantly influenced soil physical properties, growth attributes, and final
crop yield, as indicated by the statistical analysis showing significant differences at P < 0.05 among treatments. The soil texture of the
experimental field was characterized as silt loam at the 0—15 cm depth and loam from 16—45 cm depth. Soil electrical conductivity (ECe)
ranged between 0.22 and 0.27 dS m™, pH values varied between 7.5 and 7.6, and sodium adsorption ratio (SAR) ranged from 5.41 to
6.05. Field efficiency varied markedly among the treatments. PIDH2 demonstrated the highest field efficiency at 74.5%, followed by
PIC2 at 73.2%, DH2 at 69.3%, and C2 at 68.1%. These findings indicated that combining punj hari with disk harrow significantly
improved operational performance over cultivator-alone treatments. Soil moisture content before the start of the experiment averaged
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5.04%, 6.42%, and 8.21% at 0—15, 1630, and 3145 cm depths, respectively. Post-experiment observations revealed that the soil
moisture content increased significantly across all treatments. P1C2 maintained the highest post-experiment soil moisture content with
values of 8.30%, 9.61%, and 9.11% across the three respective depths, whereas DH2 exhibited the lowest moisture retention.

Dry bulk density decreased slightly across all treatments after tillage interventions. The lowest dry bulk density was recorded under
P1C2 with post-experiment values of 1.30, 1.31, and 1.39 g cm3, respectively, across the measured depths. Conversely, the highest dry
bulk density values were consistently observed under DH2 treatment, reflecting suboptimal soil loosening compared to other tillage
systems. Soil porosity improved under all treatments after the experiment, with P1C2 achieving the highest porosity values of 50.94%,
50.57%, and 47.55% across increasing soil depths. DH2 consistently showed the lowest post-experiment soil porosity, correlating with
its higher bulk density and lower moisture retention capacity. Mean weight diameter (MWD), indicative of soil aggregation quality, was
significantly improved under all tillage treatments. The highest MWD was recorded under P1C2 at 1.57 mm, followed by P1DH2 at
1.55 mm. DH2 recorded the lowest MWD at 1.41 mm, demonstrating inferior soil aggregation compared to the combined tillage
treatments. Seedling emergency percentages varied significantly among treatments. Maximum emergence rates were recorded under
P1C2 and P1DH2, both at 95.80%, whereas DH2 exhibited the lowest emergence at 70.80%, demonstrating that optimal soil structure
favored seedling establishment.

Plant height at maturity varied with tillage practices, with P1C2 producing the tallest plants at 147 cm, followed by PIDH2 at 143 cm.
The shortest plants were recorded under DH2 at 118 cm. These differences reflected the impact of soil conditions created by various
tillage treatments on sunflower vegetative growth. Head diameter measurements showed a similar trend, with the largest average head
diameter of 47 cm observed under P1C2 and the smallest diameter of 33 cm under DH2. Stalk diameter also differed significantly across
treatments, with P1C2 achieving the maximum average stalk diameter of 5.83 cm, and C2 recording the lowest at 4.73 cm. Seed moisture
content at harvest varied significantly, with PIDH2 resulting in the highest average seed moisture at 11.23%, followed by P1C2 at
10.44%. DH2 had the lowest seed moisture content at 8.47%. This outcome further highlights the role of soil moisture conservation
through better tillage practices. The 1000-seed weight showed notable variation among treatments, with P1C2 achieving the highest
1000-seed weight of 60.20 g, followed by PIDH2 at 55.10 g. DH2 produced the smallest seeds with an average 1000-seed weight of
43.20 g, suggesting that better soil conditions facilitated superior seed development. Seed yield per hectare also demonstrated significant
differences among treatments. The highest average yield was recorded under P1C2 at 3.55 t ha™!, followed by PIDH2 at 3.257 t ha™",
C2 at2.894 tha™', and DH2 at 2.65 t ha™'. Thus, tillage systems combining punj hari with cultivator or disk harrow proved more effective
in enhancing sunflower productivity.

To further elucidate the relationships between soil physical properties and crop outcomes, Pearson correlation analyses were conducted
between soil moisture content, dry bulk density, soil porosity, mean weight diameter, and the final seed yield and seedling emergence
rates. The analysis revealed that soil porosity exhibited a strong positive correlation with seed yield (r=0.997, P=10.003) and a similarly
strong correlation with seedling emergence (r=0.915, P=0.085). Dry bulk density demonstrated a significant strong negative correlation
with seed yield (r =-0.997, P = 0.003), suggesting that higher compaction adversely affected crop performance. Soil moisture content
also showed a strong positive association with seed yield (r = 0.948, P = 0.052) and with seedling emergence (r = 0.989, P = 0.011),
highlighting the importance of moisture retention for early plant establishment and productivity. Additionally, mean weight diameter,
representing soil aggregation quality, was positively correlated with seed yield (r = 0.974, P = 0.026) and seedling emergence (r = 0.891,
P = 0.109). These findings collectively underscore the critical role of optimal soil physical conditions in enhancing sunflower crop
establishment and yield outcomes.

Table 1: Physical and Chemical Properties of Experimental Soil at Different Depths

Depth (cm) Texture ECe (dS m™) pH SAR
0-15 Silt loam 0.23 7.60 5.41
16-30 Loam 0.27 7.60 5.53
3145 Loam 0.22 7.50 6.05
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Table 2: Effect of Tillage Treatments on Field Efficiency, Seedling Emergence, Plant Height, and Seed Yield of Sunflower

Treatment Field Efficiency (%) Seedling Emergence (%) Plant Height (cm) Seed Yield (t/ha)
C2 68.1 87.5 120 2.894

PI1C2 73.2 95.8 147 3.55

DH2 69.3 70.8 118 2.65

P1DH2 74.5 95.8 143 3.257

Table 3: Impact of Tillage Treatments on Post-Harvest Soil Moisture, Bulk Density, Porosity, and Soil Aggregation in Sunflower

Cultivation

Treatment Soil Moisture (%) (Post) Dry Bulk Density (g/cm?) Soil Porosity (%) Mean Weight Diameter (mm)

C2 7.73 1.32 50.19 1.44
PI1C2 8.30 1.30 50.94 1.57
DH2 7.10 1.33 49.81 1.41
P1DH2 8.21 1.31 50.57 1.55

Table 4: Effect of Tillage Treatments on Seed Weight, Seed Moisture Content, Head Diameter, and Stalk Diameter of Sunflower

Treatment 1000 Seed Weight (g) Seed Moisture Content (%) Head Diameter (cm) Stalk Diameter (cm)
C2 45.8 8.52 36 4.73
P1C2 60.2 10.44 47 5.83
DH2 43.2 8.47 33 5.23
P1DH2 55.1 11.23 43 5.33
Table 5: Correlation Table: Soil Properties vs Yield and Emergence
Variable Correlation with Seed P-value (Seed Correlation with Seedling P-value (Seedling
Yield Yield) Emergence Emergence)
Soil Moisture 0.948 0.052 0.989 0.011
Dry Bulk Density —0.997 0.003 -0.913 0.087
Soil Porosity 0.997 0.003 0.915 0.085
Mean Weight 0.974 0.026 0.891 0.109
Diameter
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DISCUSSION

The present study demonstrated that the combination of punj hari followed by disk harrow (P1DH2) resulted in the highest field
efficiency, while the cultivator two-pass system (C2) produced the lowest. These findings align with previous research, which concluded
that disk harrow operations generally achieve higher field efficiency compared to cultivator-based systems in sandy clay loam soils,
with efficiencies around 80.2% for disk harrow and 79.7% for cultivator-based tillage. Comparative investigations of disk harrow,
rotavator, and cultivator operations also reported similar patterns of efficiency, attributing these differences to machine design, soil
resistance, and operating speeds (15). However, some variations exist in the literature where tine cultivators performed better under
specific soil and moisture conditions. These discrepancies underscore the influence of localized soil texture and moisture regimes on
implement performance, highlighting a strength of the present study, which directly evaluated operational performance under silt loam
conditions. The soil structure parameters were significantly influenced by the different tillage systems. Soil moisture content was notably
highest under P1C2 and lowest under DH2 across all sampled depths. This outcome corroborates previous studies reporting that soil
tilled with cultivators or deep cutting implements like moldboard plow retained greater moisture due to the enhanced infiltration and
reduced surface evaporation (16). Increases in porosity were observed under all treatments, with the highest porosity recorded under
P1C2. Similarly, dry bulk density was inversely affected, where P1C2 plots exhibited the lowest bulk density values, indicating improved
soil aeration and root penetrability. Soil aggregation, measured through mean weight diameter, also improved most significantly under
P1C2, suggesting better soil health and structural resilience. These findings align with existing literature noting that intensive soil
disturbance under moldboard or chisel plowing improves aggregation and water retention (17,18). Nonetheless, a potential limitation of
the present study is the lack of long-term monitoring, which would be necessary to assess the sustainability of these improvements over
multiple cropping cycles.

Growth and yield parameters further emphasized the advantage of P1C2 treatment, which consistently produced superior outcomes in
seedling emergence, plant height, head diameter, stalk diameter, 1000-seed weight, seed moisture content, and seed yield. These results
are consistent with multiple experimental observations reporting that deep and effective tillage practices enhance soil physical properties,
subsequently improving nutrient uptake, water retention, and root development, thereby promoting vigorous vegetative growth and
higher yields (19). Furthermore, the positive correlation between soil physical improvements and growth metrics, especially seed yield
and emergence, reinforces the critical role of appropriate tillage interventions in sunflower cultivation. Despite these promising results,
the study was limited by the absence of detailed soil nutrient profiling, pest and disease surveillance, and climatic data during the
growing period. These factors could have contributed to variations in plant growth and final yield but were not explicitly controlled or
recorded. Future studies should incorporate comprehensive soil chemical analyses, pest pressure assessments, and microclimate
monitoring to isolate the effects of tillage from other agronomic influences. Additionally, while the study utilized randomized complete
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block design with replication, expanding the experimental duration across multiple seasons would strengthen the reliability and
applicability of the conclusions to broader agronomic contexts.

An additional limitation pertains to the short-term evaluation of soil physical properties, without assessing their impact on soil organic
matter dynamics or microbial health. Incorporating biological indicators alongside physical parameters would offer a more holistic
understanding of soil quality changes due to tillage interventions. The correlation analyses performed between soil structure variables
and crop performance offer valuable preliminary insights but warrant more extensive datasets to validate causative relationships. Overall,
the findings suggest that employing a combination of punj hari followed by two passes of cultivator (P1C2) significantly enhances soil
structure and maximizes the growth and yield of sunflower crops under silt loam conditions. This tillage strategy offers an agronomically
superior alternative for sunflower growers aiming to optimize productivity (20). However, in cases where financial constraints limit
implement availability, PIDH2 provides a viable, cost-effective option with reasonable improvements in field efficiency and crop
outcomes. Future research should focus on multi-year trials, economic cost-benefit analysis of different tillage systems, and the
development of site-specific tillage recommendations based on soil health indicators to further enhance sustainable sunflower
production.

CONCLUSION

This study concluded that tillage implements exerted a significant influence on soil structure as well as on the growth and yield
performance of the sunflower crop. Among the evaluated treatments, the combination of punj hari followed by two passes of cultivator
demonstrated the most favorable improvements in soil physical properties, leading to enhanced plant emergence, growth, and final yield
outcomes. Although the highest operational efficiency was observed under the punj hari and disk harrow combination, it was the
cultivator-based system that most effectively optimized soil conditions for crop productivity. These findings highlight the critical role
of appropriate tillage selection in maximizing sunflower production, offering practical guidance for farmers to adopt tillage practices
that align soil preparation with crop requirements for sustainable agricultural success.
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