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A B S T R A C T   

Canola is an important oilseed crop and its performance was influenced by tillage system. However, no study on 
this influence has been carried out in North Africa. Also, the effect of tillage system on physiological and 
biochemical traits in canola has never been investigated. Therefore, the objective of this study was to evaluate 
the effect of tillage system on agronomic, physiological, and biochemical traits in canola during two cropping 
seasons (2019/2020 (Y1) and 2020/2021 (Y2)) under Moroccan conditions. The experiment was conducted 
according to a complete random block design with three replications and the tillage systems studied were deep 
ploughing (DP), chisel ploughing (CP), minimum till (MT), and no-till (NT). Over both seasons, tillage signifi
cantly affected all traits except for proline content. Notably, NT consistently exhibited superior performance with 
the highest seed yield (272 kg ha− 1 in Y1, 1760 kg ha− 1 in Y2) and oil content (36 % in Y1, 44 % in Y2). In 
contrast, DP faced challenges during severe drought in Y1, resulting in no production. On the other hand, in Y2, 
DP showed the highest stomatal conductance and sugars content, while NT exhibited the highest chlorophyll 
content. Considering these findings, no-till can be recommended for canola cultivation in Morocco as well as in 
other North-African and Mediterranean countries with similar climate and soil conditions.   

1. Introduction 

Canola (Brassica napus L.) production has economic and agronomic 
advantages. It is grown as one of the most important oil seeds, ac
counting for the world’s second vegetable oil production after soybean. 
In 2021, world canola production was 71.33 million tons, while its 
global oil production reached 25 million tons [1]. In Morocco, oil seed 
crops area was 32.500 ha in 2019, including 22.207 ha of sunflower and 
10.304 ha of rapeseed, ensuring a national production that covers only 
1.7 % of domestic market needs in seed oils [2]. 

Agriculture sector is heavily impacted by climate change. Predictions 
indicate that, in 2050, aridification will undergo a further increase in 
temperature and a decrease in rainfall [3]. As a result, changes in the 
hydrological cycle (low precipitation) may cause a moisture deficit 
under rainfed cultivation [4] and high temperatures at flowering stage 
may decrease number of seeds, resulting in a significant decline in yield 

[5,6]. In all these complexities, agriculture still holds the potential to 
adapt to climate change through reducing or eliminating tillage [7]. 

Conservation agriculture (CA) is a system based essentially on min
imal tillage (or no-till), cover crop residues, and crop rotation [8]. No-till 
(NT) is a system where tillage is eliminated and, with specific planting 
material, the soil is not disturbed [9]. Crop production under no-till has 
been increasing in Morocco from 4000 ha in 2013 to 30 000 ha in 2021 
[10,11]. NT is designed to increase the ecological relationship among 
plants, soil and microorganisms [12]. Whereas conventional tillage al
ters soil biological activity [13] and depletes the physicochemical 
properties of soil [14]. NT can improve soil structure by increasing water 
infiltration and retention, reduce soil erosion by providing ground 
cover, increase soil fertility, and may result in lower greenhouse gas 
emissions [15,16]. Lenssen et al. [17] showed that NT improved soil 
water storage versus conventional tillage. Similarly, Yang et al. [18] 
established that NT conserved soil and water, minimized soil erosion 
through soil cover or minimal soil disturbance, and improved soil 
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organic matter content [19,20]. CA has many advantages in improving 
soil nutrients and crop yields over conventional tillage [21–24]. John
ston et al. [25] noted that no-till improved canola yields by 1–14 % over 
conventional tillage through enhanced soil water retention. Sainju et al. 
[26] also found that no-till increased canola growth and oil content 
under wet conditions. However, other reports indicated that canola 
yields were not significantly influenced by tillage systems [27–29]. In 
contrast, Holman et al. [30] established that conventional tillage en
hances canola productivity about 8 % more than no-till. As one could 
notice, controversial findings were reported in those different studies, 
which might be due to environmental differences among the areas 
where the studies were carried out, particularly in climate and soil. 
Therefore, there is a need to further investigate the effect of tillage 
systems on canola growth and yield, mainly in areas that have not been 
experimented before. To our knowledge, there has been no research of 
no-till impact on canola performance under North-African environ
mental conditions. Furthermore, and over the world, the effect of tillage 
system on biochemical and physiological traits in canola has not yet 
been studied. 

This is the first study conducted in Morocco with regard to the in
fluence of tillage systems on canola, involving a multi-traits approach, to 
investigate and indicate the appropriate sowing practice in the actual 
context of climate change. 

2. Materials and methods 

2.1. Site description, experimental design and treatments 

A field experiment was conducted at the Experimental Station of 
Douyet (National Institute of Agronomic Research of Meknes, Morocco) 
(34◦ 2′ N, 4◦ 50′ E; altitude: 416 m) during two cropping seasons (2019/ 
2020 and 2020/2021). 

The soil texture was silty-clayey (48.50 % silt, 39.90 % clay, and 
11.60 % fine sand), with dark Vertisols and limestone concretions and a 
relatively deep topsoil layer. The principal soil properties (0–20 cm 
depth) on the site are as follows: pH was 7.8 (extracted by H2O); organic 
matter (OM) is 1.62 g kg− 1 (extracted by K2Cr2O7 using the method of 
Walkley & Black); phosphorus available (P) is 11.89 mg kg− 1 (extracted 
by NaHCO3 using the Olsen method), and available potassium (K) is 
477.5 mg kg− 1 (extracted by CH3COONH4 using the method of Stanford 
and English). 

The experimental design was a randomized complete block design 
(RCBD) with three replications. Plots size was 2.5 m by 10 m, with 30 cm 
row spacing. The tillage systems studied are deep ploughing, chisel 
ploughing, minimum till, and no-till. Deep tillage system (DP) was 

characterized by three consecutive passages: One passage using deep 
ploughing discs (30–35 cm), followed by two cover-crop passages. 
Chisel ploughing (CP) consisted of two successive passages, one with a 
chisel and one with cover-crop, at a depth of 20–25 cm. Minimum till 
(MT) was made through a single passage using cover-crop at a depth of 
10–15 cm. No-till system (NT) consisted of using a no-till drill, only 
disturbing 5 cm-top layer of the soil. 

Average rainfall in the first year (Y1) throughout the crop cycle was 
about 234 mm (the crop received only 135 mm because the sowing was 
late at the end of December), which was much lower than the average 
recorded in the second year (Y2) (408 mm). Rainfall during the second 
growing season was well distributed throughout crop growth stages. 
Also, mean temperature was higher in Y1, ranging from 13 ◦C (average 
minimum temperature) to 26 ◦C (average maximum temperature), 
while in Y2, the temperature ranged from 10 ◦C to 22 ◦C (Table 1). 

2.2. Plant material, crop management and measurements 

Plant material used in this study was the Moroccan rapeseed variety 
‘Baraka’ (INRA-CZH3) developed by the ‘Institut National de la 
Recherche Agronomique’ (INRA-Morocco). This is an inbred line regis
tered in 2018. This variety showed the highest germination percentage, 
the greatest agronomic performance, and the highest tolerance to 
waterlogging at different stages of plant growth, compared to other 
varieties [31]. 

Sowing was done on mid-December in 2019/2020 cropping season 
(Y1) and mid-November in 2020/2021 (Y2). All plots were treated with 
glyphosate at a rate of 3.36 kg dry matter per hectare (3 l/ha) during 
pre-planting. The seeding rate was 5 kg ha− 1 for all the tillage systems 
used in this study. Plots received DAP fertilizer (18 % N2, 46 % P2O5, 0 % 
K2O) at planting in the two cropping seasons and received 50 kg N ha− 1 

as ammonium nitrate (33 %) during plant branching period only in the 
second season due to drought occurring in the first season. 

During crop growth, stomatal conductance (mm.s− 1) was measured 
using Delta-T type AP4 porometer. Chlorophyll content was measured 
using Chlorophyll Meter SPAD-502. Five plants randomly taken for each 
treatment and then three leaves from each plant were taken to measure 
both parameters. The physiological parameters were measured at three 
growth stages: beginning bloom (D1: 129 days after sowing), bloom (D2: 
143 days after sowing), and end of flowering (D3: 164 days after 
sowing). 

Proline content was measured using the method of Monneveux and 
Nemmar [32], and the sugars content was measured according to the 
phenol-sulfuric method [33] at bloom stages. These two biochemical 
parameters were expressed in mg per gram of fresh weight. 

Physiological and biochemical parameters were measured only in 
the second year (Y2) due to the constraints and restrictions imposed by 
the COVID-19 health crisis during the first year of this study. 

For biomass and yield attributes, a random sample of 10 plants was 
harvested from each elementary plot, oven dried at 65 ◦C for 3 days, and 
then weighed to determine the aboveground biomass. Seed yield (SY) 

Abbreviations used 

DP (Deep ploughing) 
CH (Chisel ploughing) 
MT (Minimum till) 
NT (No-till) 
CT (Conventional tillage) 
NPP (Number of pods per plant) 
NSP (Number of seeds per plant) 
TSW (1000-seeds weight) 
DM (Dry matter) 
SY (Seed yield) 
HI (Harvest index) 
OC (Seed oil content) 
OY (Oil yield) 
Gs (Stomatal conductance) 
SS (Sugars content)  

Table 1 
Climatic condition in the Experimental Station of Douyet during 2019/2020 and 
2020/2021 cropping seasons.   

2019/2020 2020/2021 

T (◦C) P (mm) T (◦C) P (mm) 

November 14 62 18 47 
December 14 36 13 20 
January 12 18 10 109 
February 17 0 13 25 
Marsh 16 40 14 68 
April 17 68 17 114 
May 24 0 19 25 
June 26 10 22 0 
Mean (T)/Cumulative (P) 18 234 16 408  
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was determined after threshing, cleaning, oven drying, and weighing 
seed samples. Also, number of pods per plant (NPP), number of seeds per 
plant (NSP), and 1000-seeds weight (TSW) were determined. Harvest 
index was computed as the ratio of seed yield to the aboveground 
biomass yield. Nuclear magnetic resonance (Oxford Analytical In
struments Limited) was used to determine seed oil content. Oil yield was 
calculated using the formula: Oil yield (kg ha− 1) = Oil content (%) * 
Seed yield (kg ha− 1)/100. 

2.3. Statistical analysis 

An analysis of variance (ANOVA) was used to test the significance of 
differences among the four tillage techniques investigated for each of the 
parameters studied. Tillage systems (treatment) was considered as fixed 
factor. Treatment means were compared using SNK- test. The statistical 
software SPSS (IBM SPSS, Version 22) was used to perform the statistical 
analyses. 

3. Results 

3.1. Yield and its components 

In Y1, analysis of variance showed significant differences among 
tillage systems for seed yield and its components number of pods per 
plant (NPP), number of seeds per plant (NSP), and 1000-seeds weight 
(TSW). NT system produced the highest seed yield (272 kg ha− 1), fol
lowed respectively by CP (145 kg ha− 1) and MT (101 kg ha− 1), while DP 
allowed no production as a result of the severe drought occurring in 
2019/2020 cropping season. According to SNK-test, two classes were 
registered: the first class included only NT, followed by CP, MT, and DP 
in the second class. Regarding NPP, NT had the highest mean value (25), 
followed by MT (20) and CP (17). For NSP, once again NT showed the 
highest average (249), followed by CP (157), and MT (130). Similarly, 
TSW was highest under NT, with an average of 3.61 g, followed by CP 
(3.11 g) and MT (2.59 g) (Table 2). 

Like Y1, significant differences were observed among tillage systems 
on yield and yield components (NPP, NSP, TSW) in Y2. NT revealed the 
highest seed yield (1760 kg ha− 1), followed by DP (1673 kg ha− 1), MT 
(1646 kg ha− 1), and CP (1550 kg ha− 1). According to SNK-test, two 
classes were observed. The first class was made up by NT, DP, and MT, 
while the second one included only CP. For NPP, DP had the highest 
mean value (302), followed by CP (105), MT (103), and NT (96). 
Regarding NSP, NT showed the highest average (1619), followed by DP 
(1566), MT (1446), and then CP (1205). However, the best TSW was 

found under CP (4.28 g), followed by MT (3.80 g), NT (3.63 g), and 
finally DP (3.57 g) (Table 2). 

3.2. Dry matter and harvest index 

ANOVA results showed that tillage system influenced significantly 
dry matter (DM) and harvest index (HI) in two cropping seasons. 

In Y1, the highest DM was obtained under NT (459 kg ha− 1), fol
lowed by MT (345 kg ha− 1) and CP (342 kg ha− 1). However, in Y2, NT 
showed the lowest dry matter (2134 kg ha− 1) followed by MT (2156 kg 
ha− 1), CP (2261 kg ha− 1), and finally DP (4294 kg ha− 1). 

In Y1, NT registered the highest HI (0.59 %) compared to other 
tillage systems, CP and MT, with an average of 0.42 % and 0.29 %, 
respectively. Likewise, in the Y2, the highest HI was observed under NT 
(0.25 %), followed by MT (0.23 %), CP (0.21 %), and DP (0.12 %) 
(Table 2). 

3.3. Oil content and oil yield 

In two cropping seasons, ANOVA results showed that tillage system 
affected significantly seed oil content (OC) and oil yield (OY). 

In Y1, the highest OC was recorded under NT system (36 %), fol
lowed by CP (32 %) and MT (31 %). Similarly, in Y2, NT revealed the 
highest OC with an average of 44 %, compared to MT, DP, and CP with 
an average of 43 %, 41 %, and 39 %, respectively. SNK-test in Y2 indi
cated two classes, the first class included NT and MT, while the second 
one comprises DP and CP (Table 2). 

Regarding OY, in Y1, NT revealed the highest mean value (99 kg 
ha− 1), followed by CP (47 kg ha− 1) and MT (31 kg ha− 1). According to 
SNK test, two homogeneous classes were recorded: the first class was 
made up by only NT, whilst the second included MT, CP, and DP. Like 
Y1, NT registered in Y2 the higher OY (768 kg ha− 1), followed by MT 
(706 kg ha− 1), DP (683 kg ha− 1), and CP (606 kg ha− 1). According to 
SNK test, three classes were identified: the first one with NT, the second 
with MT and DP, and the third with CP (Table 2). 

3.4. Tillage effect on physiological and biochemical traits 

Analysis of variances indicated that tillage system influenced 
significantly all parameters measured (stomatal conductance, chloro
phyll content and sugars content), except for proline content. 

Regarding stomatal conductance (Gs) in D1 (129 DAS), three SNK 
homogeneous groups could be identified. The first group contains MT 
with an average value of 3.90 mm s− 1 and CP with a mean value of 3.81 

Table 2 
Tillage effect on canola number of pods per plant (NPP), number of seeds per plant (NSP), 1000-seeds weight (TSW), dry matter (DM), seed yield (SY), harvest index 
(HI), oil content (OC), oil yield (OY) during two consecutive cropping seasons.  

2020/2021 

Tillage NPP NSP TSW DM SY HI OC OY 
Systems (number) (number) (g) (kg ha− 1) (kg ha− 1) (%) (%) (kg ha− 1) 
DP 302b 1566b 3.57a 4294b 1673b 0.12a 41a 683b 
CP 105a 1205a 4.28b 2261a 1550a 0.21b 39a 606a 
MT 103a 1446b 3.80a 2156a 1646b 0.23b 43b 706b 
NT 96a 1619b 3.63a 2134a 1760b 0.25b 44b 768c 
Significance ** ** ** ** ** ** ** ** 
2019/2020 
Tillage NPP NSP TSW DM SY HI OC OY 
Systems (number) (number) (g) (kg ha− 1) (kg ha− 1) (%) (%) (kg ha− 1) 
DP 0a 0a 0a 0a 0a 0a 0a 0a 
CP 17b 157b 3.11c 342b 145a 0.42c 33c 47a 
MT 20b 130b 2.59b 345b 101a 0.29b 31b 31a 
NT 25b 249b 3.61d 459b 272b 0.59d 36d 99b 
Significance ** * ** * * ** ** * 

DP: deep ploughing; CP: chisel ploughing; MT: minimum till; NT: no-till. ns stands for non-significant, * stands for significant differences at 5 % probability level and ** 
stands for significant differences at 1 % probability level. Different letters on the same column indicate significant differences among treatments according to SNK-test 
(p < 0.05). 
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mm s− 1. The second group comprises DP having an average of 3.15 mm 
s− 1. The last group is made up only by NT (2.67 mm s− 1). In D2 (143 
DAS), SNK-test revealed four classes: DP is in the first class (3.11 mm 
s− 1), NT (2.74 mm s− 1) in the second class, CP (2.24 mm s− 1) in the third 
class, and finally MT (1.79 mm s− 1) in the last class. In D3 (164 DAS), 
three classes were observed: the first class included DP with the highest 
Gs (1.32 mm s− 1), followed by CP (0.75 mm s− 1) and MT (0.68 mms− 1) 
in the second class, and NT (0.39 mm s− 1) in the last class (Fig. 1). 

Concerning chlorophyll content, in D1, three classes were found, the 
first class included NT (49 SPAD-units), the second class included MT 
(48 SPAD-units), and the last class included CP and DP systems with a 
mean value of 47 SPAD-units. In D2, SNK-test revealed two classes: the 
first class included NT, CP and MT with an average of 56 SPAD-units, 
while the second class included only DP with an average of 52 SPAD- 
units. In D3, SNK-test showed three classes: the first class included NT 
(49 SPAD-units), followed by MT (48 SPAD-units) in the second class, 
while the last class included CP and DP (45 SPAD-units) (Fig. 2). 

Maximum proline content was recorded under MT (4.07 mg g− 1), 
followed by DP (3.65 mg g− 1), CP (3.17 mg g− 1), and NT (2.38 mg g− 1). 
Regarding sugars content, SNK-test showed two classes: the first class 
included DP (0.26 mg g− 1), succeeded by NT (0.10 mg g− 1), MT (0.09 
mg g− 1), and CP (0.07 mg g− 1) in the same class (Fig. 3). 

4. Discussion 

The results of this study highlighted the significant influence of 
tillage systems in canola on agronomic, physiological, and biochemical 
traits, namely number of pods per plant (NPP), number of seeds per 
plant (NSP), 1000-seeds weight (TSW), dry matter (DM), seed yield (SY), 
harvest index (HI), seed oil content (OC), chlorophyll content (Chl), 
stomatal conductance (Gs) and sugars content (SS). The highest SY was 
obtained under no-till system (NT), with a mean superiority of 22 % over 
deep ploughing (DP) under Sais region conditions during two years. 
Notably, in the first year, DP yielded nothing due to drought conditions. 
In the second year, the yield difference increased to 5 %, possibly 
indicating the adaptability of NT. Previous studies had also found SY in 
canola was higher under NT than conventional tillage (CT), with a su
periority ranging from 1 to 99 % depending upon soil moisture storage 
[25,34,35]. In contrast, other studies reported higher yield under CT 
[29,30,35–38]. On the other hand, Sainju et al. [26] found no significant 
differences among tillage systems. It has been documented by Soane 
et al. [39] and Thierfelder et al. [40] that yield under NT increased in the 
year after transition or after a period of three years. Seed yield is 

determined by pods per square meter (m2), seeds per pod and individual 
seed weight [41]. Under NT system, NSP and TSW were improved 
compared to the other practices. Even though NPP was higher under DP 
compared to NT, it resulted in a lower seed yield, which may be related 
to a lower NSP and TSW. Typically, SY is more correlated to NPP than 
NSP [42]; however, our findings exhibited that SY was rather associated 
with NSP, which is in accordance with Zhang et al. [41] who found that 
NSP essentially plays a significant part in yield raise. There are negative 
correlations between these three yield components, being crucial to 
understand source-sink relationships [43]. 

Oil yield (OY) under NT was 27 % higher than DP. This can be 
explained by highest oil content (OC) obtained under NT, in addition to 
highest SY. This is in agreement with Sainju et al. [26]. Highest OC and 
OY were found to be related to the relatively higher soil moisture under 
NT compared to the other tillage systems. In fact, it was reported that 
Brassica species are sensitive to extreme (very high/very low) soil tem
perature and low moisture during flowering and pod filling, which can 
affect negatively oil content [44,45]. 

Highest DM and lowest HI were obtained under DP system. In 
contrast, lowest DM coupled to highest HI was observed under NT sys
tem, which confirms the finding of Gandía et al. [46] who reported that 
NT system seems to ensure superior canola grain formation and Miersch 
et al. [47] who noted that high canola seed yield was associated with low 
biomass and high HI. Nevertheless, our results are in contrast with those 
of Sainju et al. [26] on canola and Iboyi et al. [45] on Ethiopian mustard 
(B. carinata) reporting that aboveground biomass was not affected by 
cultural practices. 

In this study, effect of tillage systems on some physiological and 
biochemical traits in canola was investigated for the first time. We 
observed that DP system showed the highest Gs and SS content. This is 
likely due to the DP system promoting better vegetative growth, 
resulting in increased leaf area, enhanced photosynthesis, and ulti
mately higher stomatal conductance, leading to increased sugar pro
duction. However, the DP system had lower SY compared to the NT 
system, suggesting that the DP system may have been less effective in 
supporting seed formation and development. Our finding is in agree
ment with Buczek et al. [48] in wheat and Saleem et al. [49] in cotton, 
who observed that Gs was highest under CT than NT. On the other hand, 
Habbib et al. [50] in wheat and Iboyi et al. [51] in Ethipian mustard 
found that Gs was not influenced by tillage systems. This contrasting 
finding might be related with climate events during growth stage. 
Regarding chlorophyll content, the highest value was obtained under NT 
compared to other practices, which is in line with Jiang et al. [52], Wu 

Fig. 1. Tillage effect on stomatal conductance (mm s− 1) during 2020/2021 cropping season. 
Different letters indicate significant differences between treatments according to SNK-test (p < 0.05). The bars represent the standard error. DP: deep ploughing; CP: 
chisel ploughing; MT: minimum till and NT: no-till. D1 (129 days after sowing), D2 (143 days after sowing) and D3 (164 days after sowing). 
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et al. [53], and Hou et al. [54] having all worked on wheat. This was 
mainly due to the enhanced soil water storage under NT, which 
improved photosynthetic activity. 

In addition, results of this two-year study indicated a significant 
impact of climate variability on canola seed yield, oil content, and oil 
yield. Average temperature in the first year was higher than in the 
second one, while rainfall was lower in the first year compared to the 
second one (Table 1). These conditions resulted in lower SY in the first 
year. Besides, during the same year, absence of nitrogen fertilization 
accentuated the yield decrease, which is in accordance with Borstlap 
and Enz [36], Rharrabtia et al. [55] and Debiase et al. [56]. Similarly, 
other previous studies indicated that oil yield was lower under dry 
conditions compared to wet conditions, implying that higher rainfall 
and lower temperatures were favorable for higher oil yield in canola 
[25,57–59]. Although SY and OY were influenced negatively by the 
climate variation, no-till system (NT) has always shown higher values, 
compared to the other tillage systems. This may be due to reduced soil 
disturbance, under NT conditions, thus preserving soil structure and 
moisture, while increasing organic matter [19,20]. This technique also 
minimizes soil erosion and promotes nutrient uptake [21,23], creating 
an optimal environment for canola cultivation, consistently yielding 
more than other tillage methods. 

5. Conclusion 

This study highlighted that NT system is well adapted to Mediter
ranean (Moroccan) conditions, exhibiting its superiority over the other 
tillage systems for chlorophyll content, seed yield, seed oil content, and 
oil yield. Besides, NT ensures higher soil moisture and lower plant 
transpiration because of lower stomatal conductance, compared to other 
tillage systems. Therefore, NT should be recommended for canola 
growers in Morocco as well as in other Mediterranean countries with 
similar climate and soil conditions. Nevertheless, to optimize canola 
yields under NT system, further studies on varietal (genotypic) specific 
adaptation, timely planting, proper residue management, effective weed 
control measures, and appropriate fertilization are needed. Also, the 
effects of different tillage systems on soil properties, which in turn in
fluence plant growth and food quality, should be investigated. 
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Fig. 2. Tillage effect on chlorophyll (SPAD-units) during 2020/2021 cropping season. 
Different letters indicate significant differences between treatments according to SNK-test (p < 0.05). The bars represent the standard error. DP: deep ploughing; CP: 
chisel ploughing; MT: minimum till and NT: no-till. D1 (129 days after sowing), D2 (143 days after sowing) and D3 (164 days after sowing). 

Fig. 3. Proline and sugars contents responses to tillage systems. 
Different letters indicate significant differences between treatments according to SNK-test (p < 0.05). The bars represent the standard error. DP: deep ploughing; CP: 
chisel ploughing; MT: minimum till and NT: no-till. 
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