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Abstract: Adjusting the sowing date and seeding rate of lentils are important practices, which
largely affect plant performance and need greater focus under semi-arid conditions. Our study
aimed to optimize the sowing window and plant density specific to dry and wet conditions. A
two-year field experiment was carried out under dry and wet cropping seasons (2016/2017 and
2017/2018). Two commercial lentil varieties (Syrie229 and Idleb2) were sown at early (late
October/early November), normal (December), and late (January) sowing dates and with low (90
seeds/m?), medium (120 seeds/m?) and high (150 seeds/m?) seeding rate. Several traits were
recorded namely plant height at first filled pod (HFFP), plant height (PH), days to flowering (DTF),
days to maturity (DTM), stem diameter (SD), weight of 100 seeds (100-SW) and seed yield (SY). Our
results revealed that the dry year considerably reduced all trait values except the weight of 100
seeds compared to the wet year. Sowing date had a significant effect on most traits, with the
highest values being found for early sowing date compared to normal and late dates, including
seed yield (1.83 vs. 1.36 and 0.94 ton/ha, respectively). It is worth noting that the difference among
sowing dates was detected only under wet years for most traits. The seeding rate affected only
HFFP and stem diameter under a wet year, where a high seeding rate increased HFFP while a low
seeding rate increased stem diameter. To conclude, cropping season was the main driver of growth
and yield, and then the effect of sowing date was dependent on climatic conditions. Our results
highlight the importance of adjusting the sowing window and seeding rate to cope with the future
climatic change effects.
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1. Introduction

Lentil (Lens culinaris Medikus) is the fourth most important pulse crop grown in many countries
throughout the world [1]. It is one of the most important legumes, which provides protein,
carbohydrates, calcium, phosphorus, iron, and B vitamins, and its consumption has increased,
especially in developing countries [2,3]. Furthermore, lentil crops can maintain and improve soil
fertility due to their high organic matter content and their ability to fix nitrogen symbiotically [4],
which is profitable especially when included in rotation with cereals [5,6].

Lentil is usually grown as a winter crop, on marginal lands where rainfall is low and soil is poor
[7]. It is moderately tolerant to drought stress [4], but its yield can greatly decrease from 6% to 54%
under a range of drought stress conditions [8]. In Algeria, lentil is cultivated in small-scale farms as
rainfed crops in different agro-climatic zones; however, their production is still low. In 2021, lentil
crops occupied an area of 9098 ha producing 7998 tons; with an average yield of 879.1 kg/ha [9]. In
the semi-arid environment, the growing season tends to be wet at the beginning and dry towards the
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end of the crop cycle [10, 11]. However, early winter rainfall is unpredictable, which often delays the
sowing date. Moreover, the soil-stored water is depleted under the effect of early crop growth
combined with the high rates of soil evaporation and increased vapor pressure deficit during
subsequent crop reproductive growth in spring [12]. Accordingly, the low yield of the rainfed crops
including lentils is mainly due to the effect of drought, which is the most limiting factor in the
Mediterranean basin [13]. In addition, the use of traditional local cultivars, low plant density, weed
infestation, and poor crop management practices could greatly affect the seed yield [14].

Adjusting the sowing date is an effective strategy to adapt the crop to the environmental
conditions during the growth period and alleviate the adverse effects of climatic factors [15, 16],
which can largely affect the growth, development, and yield of lentils [17]. An early sown lentil crop
makes better use of seasonal precipitations than the crop from a later date of sowing [18] and allows
the plants to achieve their reproductive growth as soon as possible before the terminal drought
(water deficit and high temperatures) [18, 19]. This is true for a usual Mediterranean climate.
However, in recent decades significant changes in the weather conditions have been observed
throughout the year most likely related to climate change. These are mainly marked by scarce and
irregular seasonal distribution of precipitations, global increases in temperature, and more frequent
and severe drought periods [20]. In this situation, sowing dates may need to be reviewed to check
whether these are still valid or need to be changed.

Besides that, the choice of seeding rate is an important agronomic practice influencing plant
density and making substantial yield increase of lentils [21]. Plant density can affect seed yield
through several traits like canopy development, radiation interception, dry matter production, and
the evaporation of water from the soil under the crop and weed competition [22]. In Algeria, there is
limited information available on the optimum sowing date and seeding rate for drought and wet
conditions and their effect on the performance of lentils. In this regard, our study aimed to assess the
field performance of two commercial lentil varieties in response to different sowing dates and
seeding rates under different growing conditions to optimize the sowing window and plant density
for specific rainfall conditions (drought and wet cropping season).

2. Materials and Methods

Site description

The field experiment was conducted during two consecutive cropping seasons of 2016 2017
and 2017 - 2018, at the experimental station of a private seed company AXIUM at Chettaba locality,
in Ain-Smara district, Constantine in northeastern Algeria (36° 19' 41" N, 6° 27' 4" E; elevated 752 m
asl). The climate of the region is semi-arid with an average rainfall of 350 mm.

Treatments, experimental design, and crop management

Two commercial varieties of lentils (Syrie229 and Idleb2) were sown in fields with low,
medium, and high seeding rates (90, 120, and 150 seeds /m?, respectively). Seeds were sown on three
different dates of sowing: early (November for 2016 and October for 2017), normal (December), and
late (January). The experimental design was laid out in split-plot design with three replications,
where the whole plots were assigned to sowing date and the subplots included the combinations of
lentil varieties x seeding rates. Lentil seeds were sown at 20 cm row spacing in five-row plots of one
m?2. One-meter space was left between main and sub-plots, and three meters between blocks.
Nitrogen, phosphate, and potassium fertilizers were supplied, in a mixed formula (15/15/15), at 100
kg/ha and delivered during soil plowing. The crop was hand-weeded before flowering during the
two cropping seasons.

Traits measurements

Days to flowering (DTF, days), calculated from sowing to 50% of plants reached flowering.
Days to maturity (DTM, days), determined from sowing to the date of maturity of plants (80 % of
plants are golden color). Plant height (PH, cm), height of first fertile pod (HFFP, cm), and stem
diameter (SD, mm) were assessed at maturity based on three plants per plot. Seed yield (SY, ton/ha)
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was recorded after harvesting plots, and 100 seeds were weighed to determine the weight of 100
seeds (100-SW, g).

Statistical analysis

Analysis of variance was performed for all recorded traits using Genstat 12 [23], including the
effect of the following treatments: year (cropping season), sowing date, seeding rate, lentil varieties,
and their interactions. The block within a year was used as the blocking factor; therefore, the
interaction block x year (first residual) was used to test the significant effect of year on the measured
traits, while the remaining interactions including the blocking factor (second residual), were used to
test the significant effect of other factors. Means were compared using the least significant difference
(LSD) test at the 0.05 probability level. Principal component analysis was performed using the
FactoMiner package [24] implemented in R4.1.3.

3. Results

3.1 Temperature and rainfall prevailed during lentil growth

The first cropping season (2016-2017), from September to June, had higher temperatures and
less rainfall than the second one (2017-2018). Total rainfall (September to June) was 222 mm during
the first cropping season (2016-2017), where the lowest values were observed in September (7 mm),
December (5 mm) and March (0 mm). In contrast, the highest rainfall values were recorded in
January (85 mm) and November (30 mm). Compared to the first cropping season, 2017-2018 was
more favorable for crop growth with a total rainfall of 361 mm; most received in November (72 mm)
and over the spring period (182 mm) (Figure 1) while the lowest rainfall values were observed
during September, October, and June.

Overall, a similar temperature pattern was observed over the two cropping seasons, higher
temperatures were recorded at the beginning and the end of the seasons whereas low temperatures
were observed during winter. The winter of 2016-2017 was warmer than that of 2017-2018 except
January (Figure 1). According to the weather data of the two cropping seasons, hereafter, the first
cropping season (2016-2017) is referred to as the dry year, and the second cropping season
(2017-2018) is referred to as the wet year.
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Figure 1. Monthly mean, maximum and minimum temperature (°C) and monthly total rainfall (mm) were
recorded at Constantine station during the dry (DY; 2016/2017) and wet (WY; 2017/2018) cropping seasons.
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3.2. Variability of the recorded traits

The analysis of variance showed highly significant differences (p<0.001) between the two growing
seasons for all traits (Table 1). Similarly, the sowing date showed a highly significant effect (p<0.001)
on all recorded traits except 100-seed weight. On the other hand, the applied seeding rate affected
only plant height at the first filled pod and stem diameter (p<0.01) (Table 1). Regarding genotypes,
our results revealed that differences among genotypes were highly significant (p<0.001) for the
100-seed weight over the two cropping seasons, and no difference was found for the remaining
agronomic traits (Table 1). The interactions between the growing season (GS) and sowing dates (SD)
had significant or highly significant effects on all traits except 100-seed weight. The interaction of
growing season (GS) and seeding rate (SR) significantly influenced plant height at first filled pod
and stem diameter (Table 1). No significant effect was detected for the remaining interactions on the
recorded traits.

3.2.1. Effect of cropping season

The dry cropping season decreased significantly all the recorded traits except 100-SW (Table 1)
compared to the wet year. The highest reductions were observed for seed yield, plant height, and
stem diameter by 89.64, 51.40 and 46.43%, respectively. The weight of 100 seeds was the only trait
that increased under drought by 16.28% (Table 2).

Tablel. Analysis of variance of the effect of growing season, sowing date, seeding rate, variety, and
their interactions on the recorded traits.

df. PH HFFP DTF DIM SD  100-SW  SY

Growing season (GS) 1 Ll Ko bt bt bt b b
SOWIHg date (SD) 2 *% 3% Ko Ko Ko ns %
Seeding rate (SR) 2 ns ** ns ns * ns ns
Variety (Var) 1 ns ns ns ns ns ok ns
GS X SD 2 *% Hof L L L ns *
GS x SR 2 ns * ns ns ook ns ns
SD x SR 4 ns ns ns ns ns ns ns
GS x Var 1 ns ns ns ns ns ns ns
SD x Var 2 ns ns ns ns ns ns ns
SR x Var 2 ns ns ns ns ns ns ns
GS x SD x SR 4 ns ns ns ns ns ns ns
GS x SD x Var 2 ns ns ns ns ns ns ns
GS x SR x Var 2 ns ns ns ns ns ns ns
SD x SR x Var 4 ns ns ns ns ns ns ns
GS x SD x SR x Var Var 4 ns ns ns ns ns ns ns

d.f: degree of freedom, PH (cm): plant height, HFFP (cm): plant height at the first filled pod, DTF (days): days to flowering,
DTM (days): days to maturity, SD (mm): stem diameter, 100-SW (g): weight of 100 seeds, SY (ton/ha): seed yield. ns:
difference no significant,”*, ** and ** indicate that the effect of the Corresponding factors is significant at 0.05, 0.001, and at
>0.001, respectively.
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3.2.2. Effect of sowing date, seeding rate, and cultivar

Overall, when lentil cultivars were sown early (SD1), they exhibited the highest values for all traits
compared to normal and late sowing dates (SD3 and SD2, respectively), resulting in higher seed
yield (1.83 ton/ha vs. 0.94 t01.36 ton/ha, respectively) (Table 2). In addition, our results indicated that
the values of all traits tended to decrease when the sowing date was delayed, except for HFFP.
Regarding seeding rates (SR), with low seeding rates (SR1 and SR2), lentil plants had thicker stem
diameters (2.3 and 2.2 mm, respectively), and tended to reach the flowering stage later (125 days)
compared to the higher seeding rate (SR3, 124 days). For HFFP, SR1 presented higher values
compared to SR2 and SR3.

3.2.3. Interaction of cropping season, seeding rate, and sowing date

The cropping season x sowing date interaction presented a significant effect on most traits except
100-SW (Table 1), indicating that the effect of sowing date depends strongly on the watering
conditions of the year. The strongest interaction was noticed for the phenological traits (flowering
and maturity). While early sowing extended the life cycle of the plant during the wet year (DTM =
227.11 days for SD1 against 154.61 days for SD3), the opposite effect was observed during the dry
year (DTM = 174.78 days for SD1 against 193.54 days for SD3). Grain yield was significantly
increased by early sowing during the wet year (3.37 ton/ha for SD1 against 1.81 ton/ha for SD3),
however, during the dry year, the sowing date did not affect the yield. Similarly, plant height and
stem diameter tend to be increased by early sowing during the wet year, however during the dry
year, the sowing date affected only HFFP but in the opposite way (HFPP = 12.9 cm for SD3 against
10.9 cm for SD1).

The interaction cropping season x seeding rate showed a significant effect only for the plant height at
first filled pod (HFFP) and stem diameter (Table 2). Under the dry year, the three seeding rates
showed similar values for HFFP, however under the wet year, the medium (SR2) and high (SR3)
seeding rates resulted in higher HFFP values compared to the low seeding rate (SR1). Regarding
stem diameter, it was significantly different among seeding rates only under wet year, with the low
seeding rate displaying the highest stem diameter (3 mm), significantly higher than that obtained
under the high seeding rate (2.5 mm) (Table 2).

3.3. Relationships among traits

Under dry years, interesting correlations were found between seed yield and most traits except days
to flowering. The highest positive correlation was detected with plant height (0.60) and weak ones
were found with stem diameter (0.30) and 100-SW (0.29). In contrast, days to maturity and plant
height to first filled pod were negatively associated with seed yield with the respective correlations
-0.71 and -0.55 (Table 4). In addition, DTM was, negatively correlated with DTF, PH, and 100-SW
and positively correlated to HFFP. The weight of 100 seeds presented correlations with PH (0.27)
and HFFP (-0.35) (Table 4). On another hand, under wet years, relationships among traits are
different from those found under dry years. Days to flowering became significantly correlated to SY
and the correlations of the remaining traits with SY disappeared except stem diameter. Furthermore,
the appearance of significant correlations of stem diameter with DTF and DTM. The correlations
between the two series of traits of dry and wet years revealed a very high correlation for DTF (0.91)
and a low correlation for DTM (-0.37) and 100-SW (0.38) (Table 3).
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Table 2. Analysis of variance and mean comparison for the recorded traits as affected by sowing

date, seeding rate, variety, and their interactions.

PH HFFP DTF DTM SD 100-SW SY
Sowing season (GS)
Dry year 20.8° 11.4° 119.66 ® 182.29° 1.5°% 4.57 2 0.26%
Wet year 4282 1552 130.48 = 188.86 @ 28a 3.93b 251
Sowing date (SD)
Early (S5D1) 334a 13.7 146.75 2 200.94 = 23a 4.27 ab 1.83 2
Normal (SD2) 3150 12.6° 119.33® 181.70® 22a 4324 1.36
Late (SD3) 3050 14.0 109.13 ¢ 174.08 < 1.9° 416" 0.94%
Seeding rate (SR)
Low (SR1) 3232 12.6°® 125.712 184.45 2 232 4218 1.39 2
Medium (SR2) 31.62 13.7 2 124.81 = 185.72 a 22a 4289 1.332
High (SR3) 3152 14.0 124.70 ® 186.55 2 2.0° 42452 1.42
Cultivar
IDLEB 2 319a 13.6 2 125.23 2 187.01 2 22a 4.49 - 1.37 2
Syrie 229 31.7a 13.32 124912 184.14 2.1a 4.01° 1.39 2
GS xSD
Dry year
SD1 21.5¢ 10.9d 134.89® 174.78 ¢ 1.5¢ 4.63 2 0.30 <
SD2 22.1¢ 10.54 112.06 4 178.56 4 1.7 ¢ 4704 0.39 ¢
SD3 18.8 ¢ 12.9 ¢ 112.03 4 193.54 » 14« 438 0.08 «
Wet year
SD1 4522 16.52 158.61 = 22711 3.1 391 3.37 2
SD2 40.9° 14.7® 126.61 ¢ 184.85 ¢ 2.7°b 3.95a 2340
SD3 42.3 @ 15.1° 106.22 ¢ 154.61 f 24%b 3.94 1.81°
GS x SR
Dry year
SR1 20.82 11.2¢ 120.03 2 181.452 1.5¢ 4554 0.25a
SR2 2152 11.3¢ 119.33 2 181.56 2 1.6¢ 4.60 2 0.29a
SR3 20.14 11.8¢ 119.62 2 183.87 2 1.5¢ 4.57 2 0.242
Wet year
SR1 43.82 14.0® 131.392 187.46 2 3.02 3.892 2542
SR2 41.7 16.12 130.28 2 189.89 2 2.7 ab 3.98a 2.37a
SR3 429a 16.3 2 129.78 2 189.22 a 250 3.92a 2,61

PH (cm): plant height, HFFP (cm): plant height at first filled pod, DTF (days): days to flowering, DTM (days): days to

maturity, SD (mm): stem diameter, 100-SW (g): weight of 100 seeds, SY (ton/ha): seed yield.
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Table 3. Pearson’s correlation coefficients among the assessed traits under dry and wet years.

Wet year
DTF PH HFFP SD DTM 100-SW SY

DTF 0.91 0.36 0.25 0.66 0.47 -0.06 0.41

PH 0.16 0.12 0.08 0.54 0.01 -0.12 0.02

= HFFP -0.24 -0.24 0.04 0.00 0.13 0.00 0.11

w: SD -0.05 0.24 -0.24 0.00 0.27 0.01 0.36
£

A DTM -0.47 -0.51 0.51 -0.10 -0.37 -0.19 0.24

100-SW 0.11 0.27 -0.35 0.16 -0.30 0.38 -0.08

SY 0.13 0.60 -0.55 0.30 -0.71 0.29 0.10

PH (cm): plant height, HFFP (cm): plant height at first filled pod, DTF (days): days to flowering, DTM (days): days to
maturity, SD (mm): stem diameter, 100-SW (g): weight of 100 seeds, SY (ton/ha): seed yield.

3.4. Classification of cropping season by sowing date combinations

Principal component analysis, including traits of sowing dates under dry and wet years,
explained 93.72% of the total variability. The first principal component (PC1) explained most of the
variability (73%) and was mainly formed by traits like seed yield, stem diameter, plant height to the
first filled pod, and plant height (Figure 2). These traits were located on the positive side of PC1 in
contrast position with the weight of 100 seeds. The distribution of sowing dates along the first PC
was driven by the year effect (dry vs. wet), where the sowing dates under the wet year (WY-SD)
increased all the traits except 100-SW, which was higher for the sowing dates under the dry year
(Figure 2). The second principal component (PC2) was mainly loaded by plant phenology traits
(flowering and maturity). The late sowing date under a wet year (WY-SD3) was the only treatment
located on PC2, showing that this combination (wet year x late sowing date) had a short crop cycle
including early flowering and maturity.

WY-SD1®

- 10B3%D1

WY-5D2

.
WY-SD3

M-
=
[
.

PC1(73.71%)

Figure 2. Principal component analysis based on traits recorded for early, normal, and late sowing
dates (SD1, SD2, and SD3, respectively) under dry (DY) and wet (WY) years. DY-SD1 and WY-SD1
indicate the combination of early sowing date x dry year and early sowing date x wet year,
respectively.
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4. Discussion

Rainfall and temperature during the growing seasons of the current study were, overall, typical
of the Algerian semi-arid regions, where the drought occurred around the period of flowering [25].
The total rainfall observed in our study varied from 222 mm, during the dry year, to 361 mm during
the wet year. This indicates a considerable variation of rainfall across years, which characterizes the
eastern high plateaus of Algeria, and led to a large grain yield variation for rainfed crops [26].
Furthermore, under climate change scenarios, climate forecasts suggest that variable annual rainfall
patterns threaten the sustainability of lentil production by increasing the frequency of drought
periods during the cropping season [27]. Our findings revealed that the dry year (drought) greatly
reduced all the measured traits especially seed yield (by 89.64%) and plant height (51.40%). An
exception was observed for seed weight, which increased by 16.28%. This should be explained by
the compensation effect between yield components under stress conditions. In this case, the plant
maintained or even increased seed size at the expense of seed number. These results follow several
studies mentioning the negative effect of drought stress across the whole lentil cycle. For instance,
drought reduced germination [28], shoot and root growth [29,30], leaf area [31,32], and relative
water content [33] leading ultimately to a considerable reduction in biomass production and severe
yield losses [29,34].

Sowing date (SD) is one of the most important factors that determine the yield of lentils, it
greatly influences vegetative and reproductive growth stages including maturity date [30]. The
present study revealed that lentils performed better with early sowing (November/October) in terms
of growth and seed yield compared to late sowings (December and January). Similar results were
reported in previous studies. When compared to late sowing, early sowing increased seed yield [35],
days to flowering and maturity [36], plant height [37], and pod number per plant [38]. Regarding
seed yield, our results were similar to those found in the Syrian lentil study [18], where seed yield in
lentil was reduced in late sowings (January and February) by 26.6% and 32.5%, respectively,
compared to the early sowing date. Furthermore, over three years, the highest lentil yield was
achieved for sowings between October and November, and the lowest yield was found for later
sowing [19]. The out-performance in terms of growth and yield of lentils sown at an early date
appears to be the result of the best use of seasonal precipitation and the expression of their full
growth potential compared to late sowing [18]. Furthermore, this could be also due to the longer
growth period at the disposal of the early sown crop [7]. In addition, the low yield of a late-sown
crop could be due to the effect of the drought and heat stress that most likely affect the advanced
plant growth stage (flowering and grain filling) [19]. Nevertheless, our results demonstrated that the
effect of sowing dates depends strongly on the growing season conditions. Under dry years, no
difference was observed for seed yield among early, normal, and late sowing dates but under wet
conditions, early sowing was advantageous over normal and late sowing dates. These findings
could be in line with the typical strategy of lentils under Mediterranean environments (drought
escape) where lentil plants start with vigorous growth when conditions are favorable and reach
maturity early under the effect of high temperatures and drought stress in late spring or early
summer [39]. Accordingly, based on the trait relationships under dry years, late maturity would
penalize seed yield (Pearson correlation (-0.71), and this could be explained by the fact that late
flowering places the seed filling and maturity under dry conditions, which ultimately reduces the
seed yield. It is worth noting that the stem diameter was the only trait that was positively associated
with seed yield under dry and wet years.

Unlike the sowing date, the effect of the seeding rate on the recorded traits in our study was less
important, affecting only plant height at the first filled pod (HFFP) and stem diameter. We found
that the high and medium seeding rates had the highest values for PHFFP and the lowest values for
stem diameter, which was in agreement with the findings of [40] who reported that the higher
sowing rate causes higher inter-plant competition and results in poor individual plants. In addition,
[19] reported that increasing plant density caused an increase in plant height. According to [41],
differences were found among four seeding rates of 200 to 350 seeds/m?, where plant height,
biomass, and yield were higher for the highest seed densities and the number of branches, pod, and
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seed per plant were higher for the lowest density. However, seed yield was not significantly
different among seeding rates under dry and wet years. The three seeding rates (90, 12, and 150
seeds/m?) used in the current study seem to be very close, and their effect on lentil performance was
similar. Therefore, using a greater range of seeding rates would affect the growth and productivity
of lentils.

5. Conclusions

Under semi-arid conditions, the dry year (222 mm) reduced all the recorded traits except the
weight of seeds compared to the wet year (361 mm). The early sowing date (late October and
November) improved the growth and yield of lentil cultivars compared to normal (December) and
late (January) sowing dates. Furthermore, the effect of the sowing date, especially on seed yield, was
dependent on the growing season conditions, with no effect under dry years. Seeding rates and
cultivars did not show a significant effect on most traits. Overall, we can conclude that early sowing
should be recommended regardless of the weather conditions of the growing season. Nevertheless,
the current findings were based on a small number of lentil genotypes (two), and seeding rates
during only two years, therefore, further works should be performed with a large number of diverse
genotypes, seeding rates, and over several years to obtain reliable results under unpredictable
semi-arid conditions.
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