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Three-Year Effects of Conventional Tillage versus Direct Seeding on Root
System Development and Soil Hydro-Physical Properties of Durum Wheat
under Semi-Arid Conditions of Algeria

Rima Labad'*, Zekari Mohammedi!, Mokrane Kadir?, Nasredine Louahdi!, and
Mohamed Amine Feddal!
Abstract

In semi-arid regions, where water scarcity limits cereal production, tillage practices
significantly influence soil properties and root development in durum wheat (_).
This study - the effects of conventional tillage (CT) and direct seeding (DS) on the

root system under rainfed conditions over three growing seasons (2017-2021) in the

northeastern part of Algeria. iCIGXDORICHANSICAVASICHAIACICHZCNDYICIAVMOAMISOINIOW
_ The objectives aimed to understand how root density (RD) and root surface
area (RSA) are influenced by, and related to soil properties: _ soil
penetration resistance (SPR), soil porosity (SP), and infiltration rate (IR) under conventional

tillage (CT) and direct seeding (DS) systems. Soil parameters were measured at key -

stages (emergence, tillering and heading). SEMSHCANANAINSCSNVETCIDEHONTCANISINENPY 0N
and statsmodels, including Pearson correlations and multivariate linear regression. The DS

generally maintained higher SMC during dry periods, reducing water stress compared to CT.

SPR was higher under DS, indicating compaction, but SP and IR improved progressively under

CT, enhancing aeration and water absorption. By the way, RID was stable under CT but
increased under DS at fillering: By the Way, /RSA cxpanded more under DS over time,

particularly at the heading stage, correlating positively with SMC (r= 0.74) and negatively with
SPR (r= -0.55). Regression confirmed SMC as a key driver for both RD and RSA under DS
(p<0.01).

Keywords: Conventional tillage, Direct seeding, _, _, Soil

parameters.

INTRODUCTION
Cereal yields are influenced not only by agronomic practices but also by environmental factors
such as temperature and water availability (_). In semi-arid regions, water

availability is often the most limiting factor for rainfed agriculture (Rockstrom et al., 2010).
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where irregular and
insufficient rainfall can drastically reduce durum wheat production (El Melki et al., 2024).

By the way, tillage practices have a significant impact on soil water dynamics and root
development. According to Lampurlanés et al. (2001), selecting appropriate tillage systems
can improve water availability for crops by enhancing infiltration, reducing evaporation,
suppressing weeds, and promoting deeper root growth. Conservation tillage systems,
particularly those that incorporate crop rotation, enhance soil moisture retention and can result
in higher yields than conventional tillage, depending on soil and climate conditions.

Generally, no-tillage systems perform best in arid and semi-arid climates with well-drained

nitrogen and carbon levels, enhanced microbial activity, and increased crop yields, especially
when combined with cereal-legume rotations (Cookson et al., 2008). These systems also allow
root systems to penetrate deeper soil layers owing to better soil moisture conservation

(Lampurlanés et al., 2001). Notably, the influence of tillage on root development is considered
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The specific objectives were:
- To evaluate the development of the durum wheat root system under the two tillage
systems;
- To analyse the interaction among tillage practice, water availability, and changes in soil

physical properties within a semi-arid climate.

MATERIALS AND METHODS
SITE EXPERIMENT DESCRIPTION

The research was carried out over three crop seasons: Yi: 2017-2018, Y2: 2018-2019, and Y3:
2020-2021, under rainfed conditions. The site is located in Setif province (36°08’N, 5°20°E),

which is characterized by a semi-arid bioclimatic stage.
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Figure 1. Variability in temperature and rainfall during the experimental period.

The chemical properties of the soil were interpreted using SIDDRA (Sistema Integrado de

Diagnostico y Recomendaciones de Abonado), _
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Figure 2. The soil's chemical characteristics with SIDRA software.
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EXPERIMENT SET UP

The research aimed to assess the development of the wheat root systems.
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Table 01. Measured soil parameters.
Parameters References
Wilting point (%)
Field capacity (%)
Saturation point (%)
Soil moisture content (%)

Mathieu Clément et Pieltain Frangoise (1998)

Soil porosity (%) Dwery et al., 1995
Soil penetration resistance (MPa) Mathieu Clément et Pieltain Frangoise (1998)
Soil infiltration rate (mm.h™") Colombani et al., 1973
DATA ANALYSIS

Statistical analyses were conducted using Python, with the panda’s library for data processing

and the statsmodels package for statistical modelling (Seabold & Perktold, 2010). -
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- was used to explore the relationships between soil properties and root system
development, with significance assessed using a Holm-adjusted p-value threshold of 0.05. In
addition, multivariate linear regression was performed to identify the main drivers of root
development at the 5% significance level.

Table 02. Studied parameters.

Variable Definition Statistical parameter
RSA Root system area (RSA) Dependent parameters
RD Root density (RD)
SP (%) Soil porosity (SP) Independent parameter
SPR (MPa) Soil penetration resistance (SPR)
IR (mm.h") Infiltration rate (IR)
RESULTS AND DISCUSSION

ANALYSIS OF SOIL MOISTURE CONTENT

variatio

in 2017/2018 (Y1), 346.6 mm in 2018/2019 (Y2), and
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the distribution of rainfall resulted in SMC values closer to the estimated WP during the
monitored stages, suggesting more favorable soil water conditions for crop development. In

Y3, SMC was above the estimated WP and approached FC at the emergence stage. However,
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and 139.67 mm, respectively. Despite the lower total seasonal rainfall in Y3, the relatively

Table 03. The mean SMC for each stage, year, and system.

Stage Y Y, Y3
CT (%) DS (%) CT (%) DS (%) CT (%) DS (%)
Emergence 21.12 21.62 19.23 18.68 25.08 26.35
Tillering 15.32 16.02 23.24 22.07 20.55 22.30
Full tillering 14.01 16.77 22.24 21.77 16.55 20.29
Heading 13.84 15.45 22.55 22.55 19.67 23.33
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consistentwith'previous observations reported by DusekieE@i2021). The particularly high

SPR levels observed under DS in Y> indicate that soil compaction was most severe during this
season. The subsequent decline in SPR in Y3, especially under CT, suggests a progressive
improvement in soil structure under conventional tillage over time.

Table 04. The mean SPR for each stage, year, and system.

Stage Yi:2017-2018 Y>: 2018-2019 Y3: 2020-2021
CT (MPa) DS CT DS CT DS
(MPa) (MPa) (MPa) (MPa) (MPa)
Emergence 0.438 0.560 0.433 0.553 0.524 0.449
Tillering 0.500 0.613 0.571 0.693 0.402 0.368
Heading 0.541 0.633 0.668 0.791 0.339 0.422
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ROOTS SYSTEM DEVELOPMENT

ROOT DENSITY

Figure 3 illustrates the variation in RD under CT and DS at the tillering and heading stages
over the three growing seasons. RD was generally lower at tillering (approximately 10 - 12
cm/cm?) than at heading (14 -18 cm/cm?), with a clear peak recorded under CT inY>. Under
CT, RD at tillering remained relatively stable around 10 - 11 cm/cm?, whereas under DS it
increased progressively from about 10 cm/cm?® in Y to approximately 15 cm/cm?® inY3;. At
heading, CT produced the highest values (up to 18 cm/cm?®) in Y2 before declining, while DS

maintained more consistent densities of 14 -15 cm/cm? across seasons.

18.00
16.00
14.00

12.00
10.00
8.00
6.00
4.00
2.00
0.00
CT DS CT DS CT DS

2017/2018 2018/2019 2020-2021

Roots density (cm/cm3)

m Tillering stage ™ Heading stage

Figure 3. The variation of root density under DS and CT for Tillering and Heading stages.
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ROOTS SURFACE AREA

The RSA under CT and DS is presented in Figure 4. At the tillering stage, RSA under CT
increased from 2.65 cm? in Y to 6.64 cm? in Y3. Under DS, values started lower (1.41 cm?)
but rose more sharply, reaching 9.52 cm? in the final year (Y3) and surpassing CT from the
second year (Y2) onward. At the heading stage, both systems showed a clear increase over time.
RSA under CT rose from 6.68 cm? to 12.03 ¢cm?, while under DS it increased from 3.05 cm? to

14.67 cm?, exceeding CT in the third year.

first year. whereas DS clearly outperformed CT in the later vears of the experiment. Overall,

both systems showed an increase in root surface area over time, but the gains were more

pronounced under DS, particularly at the tillering stage.

CT by Y3, indicating potential long-term advantages, possibly due to reduced soil disturbance

In the heading stage, DS outperforms

preserving root growth conditions.
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Figure 4. The variation in root surface area across DS and CT for tillering and heading stages.

IDENTIFICATION OF CONTROLLING FACTORS

BIVARIATE ANALYSIS

The correlation matrices (Figure 5 a -b) present the Pearson correlation coefficients among RD,
RSA, SMC, SP, SPR and IR. In the context of CT on loam-clay soils characterized by low
organic matter content and a basic pH, the significant positive correlation between RD and
RSA (r = 0.66, p < 0.05) indicates that tillage NaSIaSSOCIAteaINItl root system development.
This response is most likely linked to reduced soil compaction, which allowed roots to
proliferate more readily in these relatively dense and nutrient-poor soils. The moderate negative
correlation between RD and SP (r = -0.49, p < 0.05) suggests that the increase in porosity
resulting from tillage may have reduced RD by limiting anchorage within the looser soil matrix
typical of such textured soils with limited organic binding. The significant negative relationship
between RSA and SPR (r = - 0.42, p < 0.05), together with the positive association between
RSA and IR (r=0.41, p <0.05), points to mechanical impedance as a constraint on root surface

expansion, while improved water infiltration facilitated by the soil’s basic pH and low organic

matter supported root growth. [GUIHONNNCSHONEPOSIVECONEIAONSDECCHIS P ARAISNIC

These findings align with earlier research on tillage systems. Bescansa et al., (2006), working
in Spain, reported similar patterns under CT. They observed a negative relationship between

RD and SP in tilled soils, which they attributed to reduced bulk density. However, their

11
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correlation coefficients were weaker (r = -0.3), likely due to differences in soil texture and
organic matter content between sites.

Recent research by Kihara et al., (2020) in sub-Saharan Africa supports the strong IR-SMC
relationship (r = 0.72), showing that CT can enhance water infiltration in compacted soils,
whereas no-till systems generally display weaker associations (r = 0.4) because of surface
residue effects. For DS, the significant positive correlations between RD and RSA (r=0.73, p
< 0.05) and between RSA and SMC (r = 0.74, p < 0.05) highlight the central role of moisture
retention for root development when tillage-induced aeration is absent. The positive
relationship between RD and SMC (r = 0.63, p < 0.05) further indicates that greater soil water
availability promotes denser root systems under these conditions. In contrast, the significant
negative correlations between RSA and SPR (r = -0.55, p < 0.05), between RD and SPR (r = -
0.41, p < 0.05), and between SMC and SPR (r = -0.46, p < 0.05) show that the higher
compaction typical of DS constrains both root proliferation and surface expansion while
simultaneously reducing moisture availability within the denser soil matrix. The strong positive
correlation between SPR and IR (r =0.70, p < 0.05) suggests that compacted layers under DS
can still promote preferential water flow, a process likely facilitated by the basic pH and limited
organic matter, which reduce aggregation and encourage the development of continuous
macropores. Pittelkow et al., (2015) observed that DS on clay-loam soils can increase RD and
RSA by 15-25 % relative to CT when SMC is adequate, a finding that aligns with the strong
RD-RSA (r=0.73) and RD-SMC (r = 0.63) relationships reported here. The somewhat larger
effects in their work may reflect the higher organic-matter levels of the soils they examined.
Verhulst et al., (2010) documented a comparable negative association between RSA and PR (r
~ -0.5) under DS in Mexico and attributed it to compaction in low organic matter soils
conditions similar to those of the present loam-clay site and consistent with the RD-PR and
SMC-PR correlations found in this study. Recent investigations by Thierfelder et al., (2022) in
southern Africa and Giller et al., (2021) in West Africa reported PR-IR correlations ranging
from 0.65 to 0.75 under DS, supporting the value of 0.70 obtained here. They noted that
compacted soils can enhance infiltration through macropores continuity, whereas systems with

heavier residue cover often display weaker associations (r = 0.3-0.4).

12



Journal of Agricultural Science and Technology (JAST), 29(4)
In Press, Pre-Proof Version

Correlation Matrix {Lower Triangle)
* = p < 0.05 | NS = Not significant
1.00
a-
=4
0.75
%: -
-0.25 E
o -0.08 0.19 el
= NS NS =
=3
=
=
2
R -000 B
g
S
S
<
=}
4
3
- —0.25a
0,,‘:;7 —0.50
—0.75
0.1 0.28
NS NS
l i ' —1.00
332 SP PR IR
333 (a)
Correlation Matrix (Lower Triangle)
* = p < 0.05 | NS = Not significant
1.00
a-
@
0.75
E 0.50
-025 &
o g
z £
n @
S
=
(=
L
-000 ®
£
S
S
a 0.16 -0.16 0.06 5
v NS NS NS £
- 025 &
u'.qzss —0.50
‘ -0.75
i -0.25 -0.23 0.01 -0.02
& NS NS NS NS
1 - | - | | | -1.00
334 RD RSA SMC sP IR

335 (b)

336  Figure 5. Correlation Matrix of RD, RSA, SMC, SP, SPR, and IR in Conventional Tillage (a)
337  and Direct Seeding (b).

338

339

13



340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371

Journal of Agricultural Science and Technology (JAST), 29(4)
In Press, Pre-Proof Version

MULTIVARIATE LINEAR REGRESSION ANALYSES

The analyses were conducted to assess the relationships between dependent variables: RD and
RSA, and independent variables: SMC, SP, PR and IR.

Under CT, RD appears less responsive to individual soil properties. In contrast, RSA is more
sensitive, with significant reductions linked to SP and PR, and a potential boost from SMC,
reflecting the importance of moisture and mechanical conditions for root surface expansion
(Table 05). These findings align with the correlation matrix results, where RD-RSA and RSA-
PR relationships were significant, reinforcing the regression outcomes. Similar findings are
reported by Blanco-Canqui et al., (2017) for CT in the U.S., where they observed comparable
negative SP-RSA trends due to reduced soil cohesion, although their PR effects were weaker
(p > 0.05) in soils with high organic matter content. More recent work by Schjonning et al.,
(2022) in Denmark found significant SMC and RSA links (p < 0.05) in tilled loamy soils,
supporting our borderline result. Moreover, under DS, RD is significantly driven by SMC (p =
0.004), highlighting the critical role of SMC in supporting denser root systems in the absence
of tillage-induced aeration. Also, RSA is strongly influenced by SMC (p = 8.41E-05),

underscoring the importance of moisture in promoting RSA expansion in compacted soils. -
OGS ECeSSIRENISASGINESOUIees] In DS, both RD and RSA are significantly

enhanced by SMC, reflecting the reliance on natural moisture retention in loam-clay soils with
low organic matter and basic pH. The lack of significant effects from SP, PR, and IR on RD,
and the borderline SP effect on RSA, suggest that DS maintains a stable soil structure where
moisture is the primary driver of root development. This contrasts with CT, where RD was less
responsive, and RSA was more affected by SP and PR, indicating tillage’s role in altering soil
mechanics. These findings align with global research on DS. For instance, Pittelkow et al.,
(2015) noted that DS on clay-loam soils boosts RD and RSA with adequate moisture,
supporting our SMC-RD (p = 0.004) and SMC-RSA (p = 8.41E-05) results, though their
higher-organic-matter soils showed stronger effects. Thierfelder et al., (2022) reported minimal
PR impacts on RSA in DS (p > 0.05), consistent with our non-significant PR coefficient,
attributing this to compaction stability. Recent work by Giller et al., (2021) also found IR
effects on RSA to be variable (p > 0.1), aligning with our non-significant IR result, likely due

14
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to soil texture and residue cover differences. These comparisons highlight that DS outcomes
are modulated by local soil properties and management, necessitating tailored approaches.

Table 05. Results of multivariate linear regression analyses.

CT

DS

RSA RSA RD
P value P value P value
SMC 0.063071173 8.41193E-05 0.004288523
SP 0.001982805 0,086681918 0.664946653
PR 2.06402E-05 0.606076273 0.735185355
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