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Abstract: There is a growing interest in the Mediterranean regions to switch to conservation agricul-
ture (CA) to address climate change and soil deterioration issues. The novelty of this study lies in the
quality of the supply chain, from the raw material (durum wheat grain) to the ready-to-sell product
(spaghetti), under long-term CA, and using two varieties over two years of study. This study aims to
investigate the impact of two soil management systems (SM) (CA after 10/11 (since 2009–2010) years
switching vs. conventional tillage (CT)) on grain quality, dough texture profile, and pasta quality of
two Tunisian durum wheat varieties (Karim and Monastir) in a 2-year-long experiment (2019 and
2020). The results showed that the SM had a significant impact on the grain quality in both years
in terms of protein content and wet gluten, which were, respectively, lower under CA (11.92% vs.
11.15% for protein content) and (18.75% vs. 17.68% for wet gluten) in the wet year. These parameters
increased in the dry year but they were higher under CA (15.70% vs. 14.42 ± 0.94% for protein
content) and (26.00% vs. 23.20% for wet gluten). These results have, in turn, affected the dough
quality (springiness, chewiness, and cohesiveness) and pasta cooking time and decreased the pasta
cooking loss and water absorption index. In terms of the variety (V) factor, “Karim” variety in the dry
year had a higher protein content and better dough quality than “Monastir” variety, and it reduced
the pasta cooking time. In addition, the pasta yellow index (b*) from grains grown under CA was
always higher than those in the CT system (23.99 vs. 19.72% and 25.24 vs. 22.19% in 2019 and 2020,
respectively). The interaction between SM and V was significant in both years only for the dough
hardness and pasta b* parameters. In conclusion, long-term CA may be a crucial solution in the dry
season to promote food quality and achieve sustainable agriculture goals.

Keywords: conservation agriculture; conventional tillage; durum wheat grain; dough texture profiles;
pasta quality; soil management
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1. Introduction

Durum wheat (Triticum durum Desf) is an important crop worldwide, and is used
mainly for pasta manufacturing. In Tunisia, much like Mediterranean countries, durum
wheat has an important place in heritage foods [1] and it is the main crop cereal cultiva-
tion [2], where the surface cultivated in 2021 was 1,106,000 ha (ONAGRI, Tunis, Tunisia,
2021). In addition, the consumption of durum wheat by Tunisians was 1.252 million tons,
an increase of 1% compared to 2018 (ONAGRI, Tunis, Tunisia, 2021) [3]. However, intensive
crop production has resulted in soil degradation, which is distinguished into two groups:
(1) physical and chemical soil degradation and (2) soil components transported by water
and wind erosion [4]. In addition to the increase in the negative impacts of climate change
on farms [5], the production is decreasing [6]. Therefore, scientists have proposed a shift
to a sustainable agriculture system to address these problems and find solutions [7]. For
these reasons, CA emerged as an important technique to replace the tillage system; it is
defined by a set of soil management practices composed by no-till, crop rotation diversity,
and permanent soil cover [8,9]. The FAO considered CA as the ideal solution to achieve
sustainable agriculture goals by meeting the global demand for future generations while
protecting the soil and the environment [10].

Tunisia, much like all the Mediterranean countries, was experiencing soil degradation
due to climate change and intensive tillage. To face these challenges, Tunisian projects
began to implement no-till/direct seeding from 1970 to 1980, which was followed later by
the implementation of all CA principles [11].

Many review papers have examined the advantages of CA on crop yields [12,13],
agro-ecological resources [14], economic inputs, and soil quality [15]. In particular, several
studies have highlighted the benefits of switching to CA on the physical, chemical, and
microbiological quality of soil [16]. In fact, CA improves soil structure [17], where the no-
tillage system with mulch cover increases infiltration and water storage [18]. Straw cover
reduces water evaporation, which lowers the soil temperature [19]. Moreover, mulch cover
under no-tillage enriches the soil organic matter and nutrients on the topsoil layer [20].
Furthermore, the combination of no-till with the intercropping of sorghum and soybean
increases the density of earthworms [21]. Additionally, [22] found that the barley–pea
intercropping system decreased the operator and resident exposure of pesticides.

Linking to the soil management systems, researchers are currently very interested in
improving crop quality through the agricultural practices [23]. It is well known that the
genotypic factor, climatic conditions, soil proprieties, agronomic practices, and post-harvest
grain storage processes are the most important factors affecting grain quality [24].

Durum wheat is the main crop used for making pasta, which is widely consumed
throughout the world. In 2021, the top three pasta-consuming countries were Italy (23.5 kg),
Tunisia (17 kg), and Venezuela (15 kg) [25]. The popularity of pasta is related to its good
nutritional, technological, and sensory properties, as well as its low cost [26]. It is well
known that protein, gluten, and starch are recognized for their strong influences on dough
texture profile [27] and pasta cooking quality [28].

Recently, interest in crop quality in CA has increased because of the changes that occur
in the soil after switching to CA. In addition, nitrogen is the critical factor affecting protein
in durum wheat [29]. Its availability in the soil through legume/cereal rotation and mulch
degradation increased under CA compared to CT [20,30]. This availability of nitrogen in
the soil favors its uptake by the roots developed in CA [31]. The nitrogen assimilated by
the plant is used for the synthesis of amino acids, then proteins and gluten in the grain [32].
For instance, a three-year experiment in Poland on the effect of different tillage systems [33]
revealed that the protein and wet gluten content of winter wheat grains was not affected
by the tillage system but by the year factor. Furthermore, [34] found no difference in the
protein content between no-till and other tillage systems after two years of passage, which
is explained by the need for a long-term conversion of at least seven years of no-till [35]
and the absence of crop rotation with legumes and soil cover.
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To the author’s knowledge, there is no available information on the influence of CA
on the dough texture analysis and pasta quality. Our study aimed to investigate (i) the
effect of long-term CA vs. CT on two Tunisian durum wheat varieties (Karim and Monastir)
on grain quality, dough texture profile, and pasta quality; (ii) the effect of the interaction
between the soil management factor and the variety factor on quality parameters; and
(iii) an understanding of the data matrix between quality parameters and individuals using
Biplot-PCA.

2. Materials and Methods
2.1. Site Description

A long-term experimental trial (10–11 years) was carried out at the National Insti-
tute of Field Crops (INGC) located in Boussalem (Jandouba, Tunisia, 36◦ 32′ 51.89′′ N,
9◦ 0′40.73′′ E). The study area is characterized by a sub-humid climate. Weather con-
ditions were recorded by a weather station located 1 km from the site. The field soil
is a clay–loam soil, and its characteristics at the top layer (0–30) before site establish-
ment are presented in Table 1. During the two-year experiment, the soil organic matter
was 13.4 g kg−1 (2019) and 18.9 g kg−1 (2020) under CA, and 10.9 g kg−1 (2019) and
11.3 g kg−1 (2020) under CT.

Table 1. Soil characteristics of the top layer before implementing the long-term field experiments.

Soil Characteristics Value

Soil texture
Clay (g kg−1) 340
Silt (g kg−1) 455.6
Sand (g kg−1) 194.4

Soil chemicals

Soil organic matter (g kg−1) 6.3
pH 7.49
Nitrogen (g kg−1) 1.62
Potassium (g kg−1) 1.06
Phosphorus (mg kg−1) 64.38

2.2. Climatic Conditions

Figure 1 shows monthly averages of temperatures and cumulated rainfall of the site
for two years of the experiment (2019 and 2020) compared to the old data (1990–2020).
Total precipitation varied between the two years, increasing in 2019 compared to 2020
by approximately 57% during the durum cycle. However, precipitation in the old data
increased by about 45.01% and 76.22% compared to 2019 and 2020, respectively. With
the exception of March where precipitation was higher in 2019 (115.5 mm) than old data
(97.5 mm) and 2020 (78.4 mm). In April, the precipitation was higher in 2020 (82.8 mm)
than the old data (74.5 mm) and 2019 (36 mm). However, precipitation decreased by 96%
and 91.41% in May 2020 compared to 2019 and the old data, respectively.

The average temperature from November to May was higher in 2020, followed by the
old data, and then in 2019. In the first three months (November, December, and January),
the average temperature was higher for the old data, followed by 2019 and 2020. However,
the average temperature in February, April, and May was higher in 2020, followed by the
old data and 2019. The first year can be considered a wet season (favorable for the cereal),
while the second year can be considered a dry season.
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The two soil management systems were compared and are described as follows: (1) 
CA, where the adoption has been ongoing since 2009–2010 and is based on no-tillage using 
a direct drill seeder (Semeato, Personale Drill 13 Model, Passo Fundo, RS, Brazil) on the 
residues of the previous crop. (2) CT, which consists of 3 soil tillage practices: starting with 
the turning of the soil to a depth of 25 cm using a disc harrow, followed by the disking of 
the soil, and finally, the softening of the seedbed. The cultivation of durum wheat was 
always preceded by faba beans (Vicia faba L. minor) in both systems. In both years, the 
sowing of durum wheat grain was realized in November with a seeding rate of 185 Kg 
ha−1 and 170 Kg ha−1 for the varieties “Karim” and “Monastir”, respectively. In the case of 
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150 Kg ha−1) in 2019 and (150 Kg ha−1 three times) in 2020 for both systems. 

2.4. Grain Analysis and Semolina Milling 
Grain vitrosity was determined using a Pohl farinator and the results were expressed 

as a percentage [34]. The protein content was calculated using the Kjeldahl method ac-
cording to ISO 5983-1 [37], which multiplies the nitrogen content by 5.7. Wet gluten was 
determined by the hand wash method following the AACC 38-10.01 [38]. Semolina sam-
ples and dough preparation were obtained according to [39] with some modifications. 
Briefly, durum wheat grain was cleaned and conditioned at 16.5% moisture overnight. It 

0

5

10

15

20

25

30

0

50

100

150

200

250

300

350

Nov Dec Jan Feb Mar Apr May

M
ea

n 
te

m
pe

ra
tu

re
 (C

°)

R
ai

nf
al

l (
m

m
)

2019 Rainfall 2020 Rainfall 1990-2020 Rainfall

2019 Mean temperature 2020 Mean temperature 1990-2020 Mean temperature

Figure 1. Monthly averages of temperatures (symbols) and cumulative precipitation (bars) at
Bousalem—Tunisia during the two durum wheat growing cycles 2019 and 2020 compared to old data
(1990–2020).

2.3. Experimental Design and Agronomic Management Systems

The present study was conducted in a successive two-year experiment (2019 and
2020). “Karim” and “Monastir” are modern Tunisian varieties introduced in 1980 and
2012, respectively. The “Karim” variety is considered the most cultivated in Tunisia, and
the “Monastir” variety is known for its high resistance to diseases [36]. Both varieties
were grown under two soil management systems, conservation agriculture (CA) and
conventional tillage (CT), using a randomized complete block design with three replications
(blocs where each bloc = 4280 m2) and two factors: soil management system (first factor)
and variety (second factor). Each plot size was 40 m × 53.5 m and the total area was
25,584 m2.

The two soil management systems were compared and are described as follows:
(1) CA, where the adoption has been ongoing since 2009–2010 and is based on no-tillage
using a direct drill seeder (Semeato, Personale Drill 13 Model, Passo Fundo, RS, Brazil)
on the residues of the previous crop. (2) CT, which consists of 3 soil tillage practices:
starting with the turning of the soil to a depth of 25 cm using a disc harrow, followed by
the disking of the soil, and finally, the softening of the seedbed. The cultivation of durum
wheat was always preceded by faba beans (Vicia faba L. minor) in both systems. In both
years, the sowing of durum wheat grain was realized in November with a seeding rate
of 185 Kg ha−1 and 170 Kg ha−1 for the varieties “Karim” and “Monastir”, respectively.
In the case of the CA, Glyphosate 3 L ha−1 was dispersed in the field before seeding in
both years. N-fertilization (ammonium nitrate (NH4NO3)) was used in three amendments
(150,170 and 150 Kg ha−1) in 2019 and (150 Kg ha−1 three times) in 2020 for both systems.

2.4. Grain Analysis and Semolina Milling

Grain vitrosity was determined using a Pohl farinator and the results were expressed
as a percentage [34]. The protein content was calculated using the Kjeldahl method ac-
cording to ISO 5983-1 [37], which multiplies the nitrogen content by 5.7. Wet gluten was
determined by the hand wash method following the AACC 38-10.01 [38]. Semolina samples
and dough preparation were obtained according to [39] with some modifications. Briefly,
durum wheat grain was cleaned and conditioned at 16.5% moisture overnight. It was then
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ground using a CD2 CHOPIN technologies mill (Villeneuve-la-Garenne Cedex, France).
The semolina yield was recorded and expressed in percentage.

2.5. Dough Texture Profile Analysis

Texture profile analysis of the dough (compression test) was performed using the
TVT 6700 texture (Perten Instruments, Hägersten, Sweden). A total of 30 g of dough was
placed in a cryogenic cylinder and compressed with an aluminum cylinder probe that was
75 mm in diameter. Two cycles up to 50% compression were applied at a speed of 10 mm/s,
where the time between compressions was 12 s. The hardness, adhesiveness springiness,
chewiness, and cohesiveness of the dough were calculated from the curve generated by the
TVT texture analysis software according to the equations described by [40].

2.6. Pasta Processing and Quality Analysis

The dough was prepared by mixing semolina with tap water to obtain dough with a
moisture content of 43–44%. Spaghetti-type pasta was extruded using a laboratory pasta
machine (La Monferrina P3, Modena, Italy), and then dried (Pasta dryer la monferrina
EC/NG 50, Italy) at a temperature of 50◦C for 18 h [39,41]. The color of dried pasta was
determined by the Konica Minolta spectrophotometer (CR-310, Tokyo). Optimum cooking
time (OCT) and cooking loss (CL) of cooked pasta were determined by the AACC Approved
Method 66–50 [38]. Briefly, in a laboratory beaker, dry pasta was cooked in distilled water
and checked every 30 s. When the “al dente” dissipated, the OCT was recorded in minute.
The beaker containing the pasta cooking water was dried in the oven at 105◦C to a constant
weight. The solid mass was weighed after drying, and the CL (%) was reported as a
percentage of the starting mass. The cooked pasta was weighed, followed by oven-drying
at 105◦C until it reached a constant weight. Water absorption index (WAI) was calculated
according to the following equation [42]:

WAI =
(weight o f cooked pasta − weight o f pasta a f ter drying)

weight o f pasta a f ter drying

2.7. Statistical Analysis

Two-way ANOVA (F-test) was used to assess the effect of the two factors (soil
management and variety) and their interaction on the quality parameters. p-value at
0.05 and 0.01 was used to estimate significance between means using IBM SPSS software
(version 22.0, IBM SPSS Inc., Chicago, IL, USA). Each year was treated separately. The
R software [43] was used to perform a Biplot for principal component analysis (PCA).
The normality (Shapiro–Wilk) and homogeneity (Bartlett) tests were verified before the
ANOVA was tested. Three replications were performed for all studied parameters and the
results were expressed on the basic dry weight.

3. Results
3.1. Grain Quality and Semolina Yield

The grain vitrosity was affected by soil management (SM) but only in the wet sea-
son (2019), where CA resulted in an increase in grain vitrosity by 16% compared to the
CT (Table 2). However, the variety factor and its interaction with SM did not affect the
grain vitrosity in both years.

The protein content in both seasons was affected by both factors, soil management
(SM) and variety (V). It was lower under the CA system (11.92 ± 1.06 vs. 11.15 ± 1.15%)
in the wet year (2019), but it was significantly higher (15.70 ± 0.98 vs. 14.42 ± 0.94%)
in the dry year (2020) compared to CT. Additionally, the protein content of the “Karim”
variety increased by 16% and 11% compared to the “Monastir” variety in 2019 and 2020,
respectively. The protein content was insignificant (p > 0.05) when the soil management
interacted with the variety factor in both years.
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Table 2. Grain quality and semolina yield of two durum wheat varieties under two soil management
systems (SM) grown over two cropping years.

2019 2020

CA CT Total Mean CA CT Total Mean

Grain vitrosity (%)
Karim 91.33 ± 2.16 74.75 ± 2.82 83.04 ± 9.36 92.50 ± 2.05 93.75 ± 1.00 93.13 ± 1.59
Monastir 87.92 ± 1.26 75.17 ± 2.38 81.54 ± 7.19 92.33 ± 0.58 94.33 ± 0.76 93.33 ± 1.25
Total mean 89.63 ± 2.45 74.96 ± 2.34 92.42 ± 0.58 94.04 ± 0.86

Soil management (SM) (130.29) ** NS
Variety (V) NS NS

SMxV NS NS

Protein content
(%/dw)
Karim 12.18 ± 0.09 12.88 ± 0.09 12.53 ± 0.39 16.59 ± 0.10 15.26 ± 0.35 15.93 ± 0.77
Monastir 10.11 ± 0.24 10.96 ±0.18 10.53 ±0.50 14.81 ±0.08 13.58 ±0.08 14.20 ±0.68
Total mean 11.15 ±1.15 11.92 ±1.06 15.70 ±0.98 14.42 ±0.94

Soil management (SM) (65.66) ** (139.01) **
Variety (V) (440.31) ** (252.79) **

SMxV NS NS

Wet gluten (%/dw)
Karim 14.17 ± 0.71 22.40 ± 0.90 18.23 ± 4.57 24.60 ± 1.95 23.17 ± 2.10 23.88 ± 1.98
Monastir 21.20 ± 0.60 15.10 ± 0.50 18.15 ± 3.38 27.40 ± 1.77 23.23 ± 1.10 25.32 ± 2.64
Total mean 17.68 ± 3.90 18.75 ± 4.05 26.00 ± 2.26 23.20 ± 1.50

Soil management (SM) (7.10) * (7.50) *
Variety (V) NS NS

SMxV (320.45) ** NS

Semolina yield (%)
Karim 37.61 ± 0.25 36.68 ± 1.56 37.15 ± 1.13 37.29 ± 1.61 36.96 ± 0.31 37.13 ± 1.05
Monastir 40.65 ± 1.47 38.82 ± 0.92 39.74 ± 1.48 38.85 ± 0.51 38.01 ± 0.51 38.43 ± 0.65
Total mean 39.13 ± 1.91 37.75 ± 1.64 38.07 ± 1.37 37.49 ± 0.69

Soil management (SM) NS NS
Variety (V) (14.53) ** (6.36) *

SMxV NS NS

** Significant at the 1% probability level. * Significant at the 5% level. NS: Non-significant. CA: Conservation
agriculture. CT: Conventional tillage.

The wet gluten was significantly influenced by the SM system in both seasons. In the
wet year, it was higher under CT (18.75 ± 4.05 vs. 17.68 ± 3.90%). However, in the dry year,
it was higher under CA (26.00 ± 2.26 vs. 23.20 ± 1.50%). The wet gluten was insignificant
between the “Karim” and “Monastir” varieties (Table 2). The interaction SMxV also affected
this parameter (p < 0.01), but only in the wet year (2019). When the “Karim” variety was
grown under CA, the wet gluten decreased by 37% compared to CT, which is contrary to
the “Monastir” variety, where wet gluten increased by 29% under CA compared to CT.

The difference in the semolina yield was not significant between SM in both seasons.
Yet, the variety factor was statistically affected, where it increased by 7% and 3% for
“Monastir” more than the Karim variety in 2019 and 2020, respectively (Table 2). The SMxV
interaction did not affect the semolina yield in both years.

3.2. Dough Texture Profile

During the two years, the dough hardness (DH) was significantly affected by the soil
management (SM), the variety (V), and their interaction (Table 3). In particular, the DH of
grains grown under the CA decreased more than those under the CT by about 17.23% in
2019 and 7% in 2020. The DH decreased by 13% (2019) and 9% (2020) more for the “Karim”
variety than for the “Monastir” variety. When CA interacted with “Karim” and “Monastir”
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varieties, the DH of the grains was lower than in the CT, except for dough from the “Karim”
variety grown in 2019, which was harder when it interacted with CA (575.67 ± 8.02 g) than
CT (532.67 ± 10.26 g).

Table 3. Dough texture profile parameters of two durum wheat varieties under two soil management
systems grown over two cropping years.

2019 2020

CA CT Total Mean CA CT Total Mean

Hardness (g)
Karim 575.67 ± 8.02 532.67 ± 10.26 554.17 ± 24.95 557.33 ± 1.15 571.67 ± 13.01 564.50 ± 11.40
Monastir 502.33 ± 4.93 769.67 ± 8.39 636.00 ± 146.55 584.00 ± 15.10 655.00 ± 15.00 619.50 ± 41.15
Total mean 539.00 ± 40.61 651.17 ± 130.08 570.67 ± 17.47 613.33 ± 47.34

Soil management (SM) (571.16) ** (35.03) **
Variety (V) (304.01) ** (58.21) **

SMxV (1093.02) ** (15.45) **

Adhesiveness (g.s−1)
Karim −1264.66 ± 69.53 −1137.27 ± 7.23 −1200.96 ± 82.60 −2705.71 ± 228.94 −1139.86 ± 30.10 −1922.79 ± 870.00
Monastir −711.99 ± 18.38 −721.57 ± 45.88 −716.78 ± 31.70 −1079.09 ± 5.27 −1545.24 ± 80.50 −1312.16 ± 260.37
Total mean −988.32 ± 306.11 −929.42 ± 229.57 −1892.40 ± 902.63 −1342.55 ± 228.59

Soil management (SM) (5.68) * (60.64) **
Variety (V) (383.82) ** (74.78) **

SMxV NS (207.04) **

Springiness
Karim 0.34 ± 0.05 0.40 ± 0.02 0.37 ± 0.05 0.84 ± 0.01 0.35 ± 0.05 0.60 ± 0.27
Monastir 0.21 ± 0.01 0.24 ± 0.03 0.23 ± 0.02 0.33 ± 0.06 0.33 ± 0.06 0.33 ± 0.06
Total mean 0.28 ± 0.07 0.32 ± 0.09 0.59 ± 0.29 0.34 ± 0.05

Soil management (SM) (7.52) * (68.38) **
Variety (V) (78.03) ** (84.08) **

SMxV NS (68.38) **

Chewiness (g)
Karim 72.83 ± 17.72 85.95 ± 4.74 79.39 ± 13.65 297.64 ± 14.20 76.90 ± 12.28 187.27 ± 121.49
Monastir 31.90 ± 4.30 53.45 ± 6.05 42.67 ± 12.70 69.51 ± 16.56 77.88 ± 16.94 73.70 ± 15.67
Total mean 52.36 ± 25.21 69.70 ± 18.46 183.57 ± 125.72 77.39 ± 13.24

Soil management (SM) (9.21) * (148.12) **
Variety (V) (41.32) ** (169.46) **

SMxV NS (172.42) **

Cohesiveness
Karim 0.37 ± 0.06 0.40 ± 0.01 0.39 ± 0.04 0.63 ± 0.03 0.38 ± 0.02 0.51 ± 0.14
Monastir 0.30 ± 0.02 0.29 ± 0.01 0.30 ± 0.02 0.36 ± 0.03 0.36 ± 0.02 0.36 ± 0.02
Total mean 0.34 ± 0.06 0.35 ± 0.06 0.50 ± 0.15 0.37 ± 0.02

Soil management (SM) NS (77.01) **
Variety (V) (23.45) ** (98.61) **

SMxV NS (77.01) **

** Significant at the 1% probability level. * Significant at the 5% level. NS: Non-significant. CA: Conservation
agriculture. CT: Conventional tillage.

Table 3 shows that the SM and V influenced the dough adhesiveness. The CA indicated
higher values than the CT system (−988.32 ± 306.11 vs. −929.42 ± 229.57 g.s−1 in 2019
and −1892.40 ± 902.63 vs. −1342.55 ± 228.59 g.s−1 in 2020). The dough from the “Karim”
variety was more adhesive (40.31% in 2019 and 38% in 2020) than that from the “Monastir”
variety. The interaction SMxV affected the dough adhesiveness only in the dry year
(2020), where the CA and “Karim” variety interaction was higher than the CT and “Karim”
interaction (−2705.71 ± 228.94 vs. −1139.86 ± 30.10 g.s−1); yet, the interaction of CA with
the “Monastir” variety was lower than the interaction of CT with the “Monastir” variety
(−1079.09 ± 5.27 vs. −1545.24 ± 80.50 g.s−1).

The SM and V influenced the dough springiness (DS) and chewiness (DCH). Under
CA plots, they decreased in the wet season (2019) (12.5% (DS) and 25% (DCH)), but they
increased in the dry season (2020) (42.3% (DS) and 58% (DCH)) under CA than in CT.
Doughs from the “Karim” variety showed more DS (38% in 2019 and 45% in 2020) and
DCH (46% in 2019 and 61% in 2020) than those from the “Monastir” variety (Table 3).
The SMxV interaction was significant for both parameters (p < 0.01) but only in 2020.
The “Karim” variety grown under the CA system revealed more springiness (58%) and
chewiness (74%) than that under CT. While in the case of “Monastir”, both varieties were
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roughly similar for DS and decreased when the “Karim” variety was grown under the CA
for DCH (11%) than “Monastir” (Table 3).

Concerning dough cohesiveness, the soil management affected it only in the dry year,
where it was increased by about 26% under CA rather than CT. The variety factor affected
the dough cohesiveness, where the “Karim” variety resulted in a higher value than the
“Monastir” variety; 0.39 ± 0.04 vs. 0.30 ± 0.02 and 0.51 ± 0.14 vs. 0.36 ± 0.02 in 2019 and
2020, respectively. The interaction SMxV also affected the cohesiveness in the dry year
only (p < 0.01), where the cohesiveness of the “Karim” variety was higher when it was
grown under CA than CT (0.63 ± 0.03 vs. 0.38 ± 0.02) while, the dough cohesiveness for
“Monastir” was roughly similar in both years.

3.3. Pasta Quality

Table 4 shows that the soil management (SM), the variety (V), and their interaction
impacted the pasta yellow index b*. Yellowness increased in the pasta made from wheat
grains grown under CA rather than in CT (18% (2019) and 12% (2020)). The pasta yellowness
was higher for the “Karim” variety (13%) in the wet year and the “Monastir” variety (10%)
in the dry year. The interaction SMxV was significant in both seasons (p < 0.01) and
(p < 0.05) in 2019 and 2020, respectively, where the yellowness of the pasta for both varieties
was higher under CA than CT.

Table 4. Pasta quality of two durum wheat varieties under two soil management systems grown over
two cropping years.

2019 2020

CA CT Total Mean CA CT Total Mean

Yellow Index (b*) (%)
Karim 26.43 ± 1.00 20.29 ± 0.30 23.36 ± 3.43 24.78 ± 0.90 20.11 ± 0.14 22.45 ± 2.62
Monastir 21.54 ± 0.58 19.14 ± 0.23 20.34 ± 1.37 25.69 ± 0.32 24.26 ± 2.15 24.98 ± 1.58
Total mean 23.99 ± 2.78 19.72 ± 0.68 25.24 ± 0.78 22.19 ± 2.65

Soil management (SM) (148.35) ** (19.99) **
Variety (V) (74.23) ** (13.76) **

SMxV (28.38) ** (5.66) *

Optimum cooking time
(min)
Karim 9.41 ± 0.20 9.87 ± 0.27 9.64 ± 0.33 8.21 ± 0.11 7.46 ± 0.08 7.83 ± 0.42
Monastir 9.03 ± 0.06 9.37 ± 0.02 9.20 ± 0.19 10.61 ± 0.33 9.88 ± 0.23 10.25 ± 0.47
Total mean 9.22 ± 0.25 9.62 ± 0.32 9.41 ± 1.34 8.67 ± 1.34

Soil management (SM) (16.08) ** (35.51) **
Variety (V) (19.17) ** (381.15) **

SMxV NS NS

Cooking loss (%)
Karim 6.23 ± 0.87 4.60 ± 0.95 5.42 ± 1.20 5.60 ± 0.15 5.85 ± 0.41 5.73 ± 0.31
Monastir 6.23 ± 0.18 5.74 ± 0.78 5.99 ± 0.57 4.39 ± 0.11 5.55 ± 0.22 4.97 ± 0.65
Total mean 6.23 ± 0.56 5.17 ± 0.99 5.00 ± 0.67 5.70 ± 0.34

Soil management (SM) (5.85) * (23.41) **
Variety (V) NS (27.35) **

SMxV NS (9,70) *

Water absorption index
Karim 2.38 ± 0.05 2.25 ± 0.11 2.32 ± 0.10 2.18 ± 0.04 2.50 ± 0.10 2.34 ± 0.19
Monastir 2.33 ± 0.05 2.05 ± 0.03 2.19 ± 0.15 2.18 ± 0.13 2.64 ± 0.15 2.41 ± 0.28
Total mean 2.35 ± 0.05 2.15 ± 0.13 2.18 ± 0.08 2.57 ± 0.14

Soil management (SM) (27.26) ** (35.88) **
Variety (V) (10.58) * NS

SMxV NS NS

** Significant at the 1% probability level. * Significant at the 5% level. NS: Non-significant. CA: Conservation
agriculture. CT: Conventional tillage.

The pasta optimal cooking time (OCT) was affected by SM and V (Table 4). It was
higher for wheat grains grown under CT (9.62 ± 0.32 min) than CA (9.22 ± 0.25 min) and
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was also higher for the “Karim” variety (9.64 ± 0.33 min) than the “Monastir” variety
(9.20 ± 0.19 min) in the wet year (2019). However, under CA plots in the dry year (2020),
the pasta needed more cooking time than CT (9.41 ± 1.34 vs. 8.67 ± 1.34 min); the same
tendency for the Monastir (10.25 ± 0.47 min) and the “Karim” variety (7.83 ± 0.42 min)
was obtained. The interaction SMxV did not affect the pasta cooking time (p > 0.05) in
both years.

Unlike the OCT, the pasta made from wheat and grown under CA resulted in a
higher cooking loss (CL) (6.23 ± 0.56 vs. 5.17 ± 0.99%) and water absorption index (WAI)
(2.35 ± 0.05 vs. 2.15 ± 0.13) than the pasta derived from the CT trial in the wet year (2019),
but in the dry year, the CL and WAI decreased by about 12% and 18%, respectively, under
the same SM than CT. Furthermore, the “Karim” variety showed more CL in the dry year
(5.73 ± 0.31 vs. 4.97 ± 0.65%) and WAI in the wet year (2.34 ± 0.19 vs. 2.41 ± 0.28).
Additionally, when CA interacted with “Karim” and “Monastir”, the CL of pasta decreased
by 4% and 21%, respectively, compared to when they interacted with CT (Table 4).

3.4. PCA Biplot

Figure 2 represent the PCA biplot for two cropping years. The total variability for
both dimensions was 84.6% and 87.3% in 2019 and 2020, respectively. On one hand, a clear
opposition was observed between the two soil management systems (horizontal) and the
two varieties (vertical).
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In 2019, axis 1 is positively correlated with the protein content, springiness, cohesive-
ness, chewiness, adhesiveness, and pasta cooking time and negatively correlated with the
semolina yield and pasta cooking loss (Table 5). While in 2020, the same axis is positively
correlated with the protein content, springiness, cohesiveness, chewiness, and adhesiveness
and negatively correlated with hardness. However, axis 2 is positively correlated with the
yellow color and water absorption index and negatively correlated with grain vitrosity and
hardness in 2019. In 2020, axis 2 is positively correlated positively with grain vitrosity, wet
gluten, semolina yield, the yellow color, and pasta cooking time and negatively correlated
with the cooking loss and water absorption index (Table 5).

Table 5. Biplot of principal component analysis based on the correlation matrix for quality parameters
of durum wheat varieties grown under CA and CT during 2018 and 2019.

2019 2020

Factor 1 Factor 2 Factor 1 Factor 2

Eigen values 7.3 3.7 6.1 5.2
Variance (%) 56.1 28.5 47.3 40
Cumulative % 56.1 84.6 47.3 87.3

Variable correlations

Grain vitrosity 0.496 −0.866 0.337 0.920
Protein content 0.990 0.042 0.945 0.099
Wet gluten 0.171 −0.148 −0.032 0.970
Semolina yield −0.966 0.073 −0.547 0.821
Hardness −0.217 −0.635 −0.737 −0.181
Springiness 0.994 0.108 0.962 0.079
Cohesiveness 0.950 0.285 0.969 0.055
Chewiness 0.979 −0.027 0.951 0.073
Adhesiveness 0.836 0.506 0.853 −0.007
Yellow color 0.158 0.929 0.046 0.836
Pasta cooking time 0.947 −0.320 −0.587 0.726
Pasta cooking loss −0.748 0.567 0.331 −0.933
Water absorption index 0.159 0.939 −0.585 −0.766

In both years, the hardness was highly related to the “Monastir” variety under CT,
while the combination of the same variety with CA showed a strong relationship with the
semolina yield. On the other hand, the adhesiveness was strongly correlated to the “Karim”
variety under CA. The yellowness indicator (b*) was always higher in the pasta that were
made from the durum wheat that was grown under the CA compared to the other system,
but it depended on the variety factor. In 2019, it was related to the “Karim” variety, but
in 2020, it was related to the “Monastir” variety. The pasta cooking quality parameters
depended on both the soil management systems and varieties. In 2019, the pasta cooking
time (OCT) was related to the “Karim” variety under CT, the cooking loss of the “Monastir”
variety under CA, and the water absorption index (WAI) of the “Karim” variety under CA.
In 2020, the OCT was related to the combination “Monastir” variety under CA, the cooking
loss was related to the “Karim” variety under CT, and WAI was related to the “Monastir”
variety under CT.

4. Discussion
4.1. Grain Quality and Semolina Yield

The vitrosity of grains grown in the wet year (2019) (Figure 1) was better under CA
than CT, which was in line with [34] under the no-tillage system compared to other tillage
systems. The authors explain these results by the influence of higher rainfall conditions on
soil nitrogen leaching under CT. On the other hand, [44] found that the soil cover reduces
nitrogen loss in the drainage water.
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According to [45], the protein content of durum wheat grown in the wet season (2019)
was of low quality (< 13%). Whereas in the dry one (2020), it was considered high quality
(>14%), except for the “Monastir” variety (CT), where it was considered medium quality
(13–15%). In addition, the wet gluten of all the durum flours was classified as high quality
(>14%), with higher values in the dry year than in the wet one. For soil management
(SM), the CA system guaranteed high protein and wet gluten contents only in the dry
year compared to the CT system. Inconsistent results were found in previous papers,
where no statistical differences were found between tillage systems in the study of [46].
However, [47] found a low wet gluten and protein content of durum wheat grown under
the no-tillage compared to the other tillage systems. The positive influence of CA in the
dry year (2020) on these above parameters was probably due to the high temperature and
low rainfall in 2020 (Figure 1) during the grain filling (milk stage), which are known to
inhibit the formation of starch from sucrose and therefore increase the protein content in
the grain, as highlighted by [48]. In the present study, the organic matter in the soil was
higher under CA than CT and especially in 2020 than in 2019 (see materials and methods),
which was due to the mulch cover degradation [20] and the influence of the intercropping
system on the soil quality, as found by [49,50]. Soil under the CA system is characterized
by high moisture content [51], as well as the density of the root system, which is more
developed under no-tillage than CT [31]. All of the above parameters promote nitrogen
uptake and assimilation by the plant under CA [52], which favors the formation of protein
from nitrogen [29].

Moreover, the interaction between soil management and variety (SMxV) influenced
the wet gluten in 2019, which can be explained by the influence of the interaction between
the environment and genetic factors on wet gluten, as found by [53].

Similarly to this study, the yield from wheat grain was not significant between no-
tillage and CT according to [54]. It was found that the semolina yield was majorly influenced
by the genetic factor [55]. This can explain the impact of the variety factor in both seasons.
Additionally, [56] found a positive correlation between the semolina yield (SY) and test
weight (TW). The TW parameter for the same varieties (Karim and Monastir) was tested
in our previous published study [57]. The Monastir variety in 2019 had the highest TW
(82.33 ± 0.46 kg/hL), giving the highest SY (40.65 ± 1.47%) in the current study in 2019,
which confirms this positive correlation.

4.2. Dough Texture Profile

The dough hardness is affected by the competition of gluten with fiber to water [58].
In 2019, the interaction SMxV indicated a strong negative correlation between wet gluten
and dough hardness (Figure 2. 2019). The increase in dough hardness could be due to the
low wet gluten. Regarding [59], adding fiber to the dough made it harder, thanks to the
fiber’s high water absorption rate and low water distribution in the gluten network. In
particular, the higher dough hardness under CT was probably due to the low nitrogen level
availability in the soil and lesser uptake by the plant under this system, which decreased
the wet gluten content in semolina and resulted in a greater hardness of the dough.

A strong correlation was found between the protein content and adhesiveness (Figure 2).
It was demonstrated that increasing the gliadin levels increases the adhesiveness of the
dough [60]. Similarly, [61] reported that adding decreasing levels of fiber to flour increased
the dough adhesiveness, which is likely due to the high water uptake by gliadin. The
higher dough adhesiveness under CA in the current paper may be related to the high level
of gliadin in durum wheat grain, which in turn, is linked to the higher nitrogen rate in the
soil [62].

The high levels of dough’s elasticity, cohesion, and chewiness under CA in the dry
year (2020) were probably related to the high soil nitrogen content affecting the protein
and gluten quality, whereby Figure 2 demonstrates a positive correlation between the
protein content and these parameters. In the study conducted by [63], two common types
of buckwheat: CBH (Common buckwheat hull) and CBB (Common buckwheat bran)
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were added to wheat flour. The dough’s springiness and chewiness were higher in the
dough added by CBB due to its higher protein content than CBH. The dough’s elasticity
varies because of many factors, namely, protein content, damaged starch, and water–starch
bonding for hydrated grains [64]. A recent study showed that pistachio flour increased the
dough’s springiness and cohesiveness due to the pistachio protein; this may be due to the
water availability within the developed gluten network [65].

Except for dough’s hardness, all other textural parameters indicated higher values
for “Karim” than “Monastir” variety, and this is due to the effect of genetic factors on the
dough, as found by [66].

4.3. Pasta Quality

The yellow color is a desirable acceptance trait for pasta consumers. Many factors
can influence it, namely, genetic factors, farm management, environmental conditions, and
grain processing [67]. Regarding [68], the results did not show a significant difference in
the semolina b* between the soil systems. The higher levels of yellowness were found
in pasta made from durum wheat grown under CA in the current study were probably
due to the change in the soil organic matter after a long-term transition (10/11 years), as
discussed previously. Switching to the CA improves the accumulation of mineral elements
such as potassium (K) [12]. K increases acetic thiokinase (ligases) activity. This enzyme is
directly involved in the formation of acetoacetyl CoA, which promotes the biosynthesis of
carotenoid precursors (isopentenyl diphosphate) [69].

The b* index of the two varieties changed according to the environment; this is called
the cross-over interaction, and it can help farmers to select the best variety in a particular
environment [70].

The high protein content and gluten network increased the cooking time of the
pasta [71], which explains the lower cooking time of pasta made from wheat grown un-
der CT in the first year (2019) and the highest cooking time for the pasta made from the
wheat grown under CA in the dry year (2020), which is similar to the results of the current
study regarding protein and wet gluten. The high protein and gluten network increase the
cooking time by slowing down starch gelatinization and forming a solid network system
with the starch [72]. The solid gluten network envelops the starch granules (gluten–starch
system) to reduce their water absorption [73] for pasta made from the grown durum wheat
over the dry year under CA. Additionally, it results in less swelling and fewer cooking
losses [74], which could explain the lower water uptake and cooking loss under CA than
under CT in the dry year (2020), which are due to the gluten network development.

Similarly, the variety factor affected the cooking quality of pasta. This is largely related
to the difference in the composition of raw materials between varieties [75].

5. Conclusions

The results of a two-year experiment on two Tunisian durum wheat varieties have
shown that long-term switching from CT to CA has an impact on the grain quality, dough
texture profile, and pasta quality. In fact, the following conclusions may be made:

• The grain vitrosity was affected by SM only in the wet year, which increased under
CA, while the protein content and wet gluten were affected by SM in both years, and
the CA resulted in higher values in the dry year only.

• Dough hardness was always higher under CT, but dough adhesiveness, springiness,
chewiness, and cohesiveness were higher under CA only in the dry year, which
positively correlated with the protein content.

• The pasta yellowness was increased under CA rather than CT in both seasons. The
pasta cooking time was higher under CA in the dry year thanks to the protein content
and quality, while the cooking loss and water absorption index were lower in the
same season.
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• The “Karim” variety gave a high protein content, dough adhesiveness, springiness,
chewiness, and cohesiveness, while the “Monastir” variety resulted in a higher
semolina yield and dough hardness.

• Interaction soil management and variety were affected in both years, but only in terms
of the pasta’s yellowness and dough’s hardness.

Due to the problems faced in agriculture in Tunisia, the application of conservation
agriculture is necessary to protect the arable land from the impacts of climate change and
soil deterioration through extensive tillage. The application of conservation agriculture
can be a crucial solution, especially in areas with low rainfall. However, the adoption of
CA in Tunisia also requires the use of a no-till drill (direct drill seeder) that is specifically
designed for smallholders. In addition, strategies to minimize the amount of glyphosate in
CA need to be developed.
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