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Abstract: Lentil crops have been noticeably influenced by planting dates, primarily due to variations
in rainfall, temperature, and genotypes. Therefore, the study was conducted to examine the effects
of planting date and its interactions with genotypes possessing important traits. The results
indicated that lentil genotypes planted more than a month earlier exhibited longer times to 50%
flowering and emergence. The tallest plants were observed on the main or mid- August planting
day for this genotype, with Adda reaching 32.3. 3cm at Ak and 38. 0 cm for genotype 09583227-04
on day 1. The influence of planting date and genotype on plant height was statistically significant.
Early seedling emergence, earlier flowering, and greater plant height positively contributed to yield
growth. Our data analysis revealed a significant difference (P< 0. 001) in seed yield. A one-month
delay in planting caused a yield reduction of 1. 74 t/ha at Bishoftu and 0. 71 t/ha at the Ak sub-
station for genotype R- 186. Additionally, the Derash genotype showed larger yield differences of
1. 83 t/ha at the Dz station and 1. 29 t/ha at the Ak sub- station compared to the second planting
date. However, the study results demonstrated that the most suitable genotypes for breeding
purposes, such as Dz 2012- Ln 0050, R- 186, and Derash, produced higher yields than the tested
genotypes at both locations and across the two planting dates. A notable direct relationship was
observed between harvest index (HI) and seed yield (r = 0. 56); days from 50 % emergence to
flowering (r = 0. 44); and plant height to harvesting index (r =0.2. 2). In conclusion, our results
indicate that planting date is a critical factor interacting with genotype to influence traits; therefore,
an analysis of genotype by planting date interaction is essential for plant breeding.
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Adaptation is one of the policy options for reducing the negative impact of climate change
(Kurukulasuriya and Mendelsohn, 2008). Adjusting natural or human systems to present or
anticipated climatic stimuli or their impacts is known as adaptation to climate change. This helps to
minimize harm or seize advantageous chances (IPCC, 2021). Among legumes, lentil (Lens culinaris
Medikus) is a vital food crop due to its global production, trade, and popularity among consumers
(Asakereh et al., 2010). It is also known as poor man’s meat. This crop thrives in areas with 300-400
mm of yearly rainfall and is primarily planted in the winter (Sarker et al., 2003). In addition to being
a key part of diets, lentils often fetch higher market prices than other staple crops, making them an
important income source for farmers.

In Ethiopia, lentils are mainly cultivated as a cool-season food legume, often rotated with other
cereal crops such as wheat, barley, and tef, especially in the mid- to highland regions. Yield is
influenced by the interaction of various plant characteristics and environmental factors (Tadesse et
al., 2014). Lentil farming in Ethiopia occurs at altitudes of 1,700-3,500 meters above sea level (masl),
with annual rainfall ranging from 700 to 2,000 mm. Planting typically takes place from late June to
early October, depending on rainfall, temperature, and altitude (Abdisa 2018; Chilot et al., 2016).
Selecting genotypes based on yield and other agronomic traits is a crucial step in assessing
performance, which is greatly influenced by testing locations and years (Tadele T. et al., 2021). Due
to genetic traits and environmental conditions, the performance of plant genotypes can vary
significantly depending on planting time and location. Research has explored changes in yield
related to genotype and planting dates, focusing on traits such as days to 50% flowering, days to

50% emergence, and plant height across different sites (Alemu et al., 2023).

Relying only on seed yield when selecting plants without considering other traits can be
misleading. It is important to analyze how yield components interact and focus more on those that
greatly influence yield. Combining association analysis with path coefficient analysis provides a
more effective way to examine yield and its contributing traits (Mahajan et al., 2011). Path analysis
is a structural method used to evaluate relationships between a dependent variable and two or
more independent traits or variables. However, understanding trait correlations and path
coefficient analysis is essential to assess the effects of genotype and environment on final yield
before making selections (Kumar et al., 2013; Dugassa et al., 2014; Hussan et al., 2018). According
to Annicchiarico (1997), managing genotypes by year or genotype by location interactions is only
possible by selecting for yield stability across environments, which are defined as combinations of
location and year.

Although several studies have explored genetic stability, variability, and G x E interactions in
lentils (Asefa F., et al, 2022; Tadele T. et al, 2021), many researchers in Ethiopia have examined the
genetic variability of lentil germplasm, especially local genotypes, for yield and related traits
(Edossa et al., 2010; Tadesse et al., 2014; Dugassa et al., 2014). Ethiopia’s average seed yield remains
low, emphasizing the need for further improvement and management efforts (FAOSTAT, 2010).
Several factors contribute to yield reductions and the significant gap between actual and potential
yields in the country. Although major diseases such as rust and the recently emerging viral disease
have caused considerable yield losses, ongoing variability in genetic traits and environmental
conditions greatly influences the stability of a given genotype or cultivar (Assefa F et al., 2022).
Environmental stresses like drought, frost, and heat affect lentil growth, and when they occur
during sensitive stages, they further impact biomass and seed yield components (Sehgal et al.,
2019).
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A useful framework for analyzing environmental and genotypic effects on crop performance
defines yield as the product of total biomass produced and the proportion of that biomass allocated
to harvestable seed (Charles-Edwards, 1982). Rajandran et al. (2022) also observed that the
movement of lentils across different geographic locations depended on significant phenological
changes adapted to various seasonal climates and cropping patterns. The interaction and
correlation coefficients between yield-related traits, along with their relationships, are crucial for
selecting desirable genotypes. A strong genotypic correlation driven by traits influenced by
genetics provides an excellent opportunity to enhance seed yield. There is a notable gap in our
understanding of how genetic variation affects the performance of lentil genotypes when seeds are
planted on different dates. With that in mind, this study aims to explore the mean and interaction
effects of 20 distinct lentil genotypes tested across two different planting dates in central Ethiopia.

2. Methods and Materials

Study Site

The reference set of genotypes (Table 1) was chosen from the station, a legume research program,
based on their contrasting relative performance in yields across different environments grown on
loam soil at Bishoftu (Debre Zeit = Dz) and heavy clay at the Akaki Sub-Station (Ak). The genotypes
were planted in a Randomized Complete Block Design (RCBD) with three replications. Twenty (20)
lentil genotypes were planted on both the normal and late planting days at each location. The testing
of day 1 and day 2 plantings of lentil seeds, which showed yield traits, affected the initial growth and
development of genotypes in the field. A plot consisting of four rows, 3 meters long and 0.8 meters
wide (2.4 m?), with a spacing of 0.2 meters between rows, 0.4 meters between plots, and 1.5 meters
between blocks was used. A seed rate of 200 seeds was applied to each plot. At harvest, ten plants
were randomly selected from each plot to record yield-related traits such as plant height (in cm). The
yield data collected after harvesting included seed yield per plot. The genotypes were planted in
August (normal) and September (late) in 2021. Planting dates at Bishoftu were August 12, 2021 (first
planting date) and September 23, 2021 (second planting date). At Akaki Sub-Station, the dates were
August 13, 2021 (first planting date) and September 24, 2021 (second planting date).

Bishoftu (Debre Zeit = Dz):

It is located 60 km east of Addis Ababa, with a geographic range from 08°45'15" to 08°46'45" north
latitude and from 38°46'45" to 39°01'00" east longitude. The average annual rainfall is 801.3 mm, with
maximum temperatures reaching 25.5 °C and monthly temperatures at 23.7 °C in July, and 27.70 °C
in May. The average minimum temperature annually is 10.50 °C, with monthly lows from 7.4 °C in
December to 12.1 °C in July and August. The area sits at an elevation of 1,850 meters above sea level
and has a hot to warm, sub-humid climate.

Table 1: List of 20 Lentil (Lens culinaris Medikus) names of varieties, genotypes, year of releases, and

breeders/maintainers.
No. Variety names Genotype names Year of Source Breeder/Maintainer
Release
1 Beredu FLIP-2011-17L 2019 ICARDA Deber Zeit ARC EIAR
2 Jiru R-186 x FLIP86-38L-2 2015 ICARDA Debre Birhan ARC/ARARI
3 Derso/Derash FLIP-88-411-02-AK-14 2012 ICARDA EIAR/DZARC
4 Teshale FLIP 96-46L 2004 ICARDA DZARC/EIAR
5 Alem Tena FLIP 96-49 2004 ICARDA DZARC/EIAR
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Gudo Flip 84-78L 1995 ICARDA DZARC/EIAR
ADA Flip-86-14L 1995 ICARDA DZARC/EIAR
Chalew NEL 358 1984 ICARDA DZARC/EIAR
Chekol EnAL-2704 1984 ICARDA DZARC/EIAR
EI-142 EL-141 1972 ET-L DZARC/EIAR
R-186 R-185 1972 ET-L DZARC/EIAR
Alemaya FLIP-89-63L 2005 ICARDA DZARC/EIAR
ILL-1760

96006L.-984005
Dz-2012-Ln-238
ILL-2178
X125-54
09583227-04
Dz2012-Ln0050
94-003L

ET-L = Ethiopian Landraces; ICARDA = International Center for Agricultural Research in the Dry Areas.

Akaki Sub-Station (AKk):
It is located 30 km north of Debre Zeit, at 08°05'39” north latitude and 38°04'13” east longitude. The
soil mainly consists of heavy clay and eutric vertisol. It has an altitude of 2,400 meters above sea level

and a hot-to-warm, sub-humid climate.

Data collection and analysis

The mean data for four different agro-morphological and yield traits, such as days to 50% flowering,
days to 50% emergence, plant height, and seed yield, were recorded. At the time of harvesting, ten
plants were randomly selected from each plot for recording on yield and associated traits. Analysis
of variance (ANOVA) in R software version 4.1.2 was used to examine genotype differences for these
measured variables. Ata 5% significance level, Tukey's test was used to differentiate. Correlation and
interaction effect analyses were also conducted. The effects of interactions on planting dates and 20
lentil genotypes were analyzed using R software version 4.3.3.

3. Results and Discussion

Planting Dates and Genotypes Evaluation on Yield-Related Traits at Bishoftu

Agronomic Trait Evaluations

Table 2 showed that the genotype (Beredu = 7) had fewer days to 50% emergence when planting
occurred before mid-August (day 1). The longest period until emergence (Chekol = 16) was recorded
when planting took place after mid-September (day 2). Lentil genotypes planted about a month later
than the normal planting dates took longer to reach 50% seedling emergence compared to the others
on Day 1. According to another study (Vish et al., 2021), late planting improves lentil emergence by
8 days. This finding aligns with research on chickpeas conducted under the same conditions
(Richards et al., 2020). The average flowering days for each genotype decreased when planted in mid-
August. Flowering days ranged from before mid-August to after mid-September, with Beredu taking

40 days and 09583227-04 taking 76 days, the shortest and longest durations, respectively. Beredu,
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which was planted on day 1, flowers faster than the plant planted the next day. Data analysis revealed

a highly significant variation (p<0.001) in flowering days.

Table 2 displays a clear pattern in plant height, with genotype 09583227-04 reaching its peak in mid-
August at 38 cm compared to mid-September, especially when compared to other genotypes. It
shows that planting dates significantly influence lentil height. Plant height ranged from 22.93 cm for
genotype Chekol to 38.0 cm for genotype 09583227-04 (day 1). A closer look at the two planting dates
reveals that delaying sowing by just one month caused a noticeable decrease in plant height, with
genotype 09583227-04 shrinking by about 5cm. When planted in mid-August, the Chekol genotype
reached 22.06 cm, while sowing in mid-September resulted in a minimum height of 18.67 cm.
Additionally, the effects of planting date and genotype on plant height were statistically significant
(Table 3b). Delaying planting from November to February led to a significant drop in plant height; it
decreased by 28%, from 30.3 cm to 21.9 c¢m, as reported by Ouji and Mouelhi (2017). This delay had

notable implications for the plants’ development.

Table 2: Mean values for yield-related traits on two different planting dates of Lentil at Debre Zeit (Bishoftu).

Days to 50% Days to 50% Plant Height Seed Yield HI

Genotypes emerge flowers (cm) (t/ha)

Dayl Day2 Dayl Day2 Dayl Day2 Dayl Day2 Dayl Day2
Adda 10.0bed  10.0cde 47bed 65.3b-¢ 35.332bc  31.732bc  (0.95fh  0.4748  0.16Mi  (0.09<f
94-003L 8.33def 8.00¢ 45.669¢f  58.33¢h  29.2cf 27def 1.73¢«d  (0.52¢8  0.32b  (.11bf
R-186 10.66%b<  8.664¢ 502 65.33b-e  35.2abc 32.42b 2.74% 1.0 0.41»f  (.172
TILL-1760 11.0abe 11.33b¢ 502 74.02 35.2abe 29.13=d  1.67¢d  0.67¢s 0.24¢1  (.15¢f
96006L-984005  8.33def  10.66bcd  44.33f  56.33sh  29.6¢f  D27.2def ] 66ed (.92  (04bd (.24
Alemtena 8.33def 12.Qpec 46.66de 623348  28.73def 22938 0.84d¢f  0.11<s  0.32b- (.04
Chekol 122 16.32 502 62.674s 22078  18.67  0.03i 0.038  0.04 0.01f
Alemaya 9.33cde 12b¢ 45.334¢f 623348 31.67>f 25.4ds 1.43df  (0.47<8  0.30b< 0.14>d
Dz-2012-Ln-238  8.0<f 11.33be 44.3¢ 57.33fh  32.67>f 252748 1.51de  (.62bd (0.32b< (.16%
Gudo 8.0ef 12.66° 44.66°f  57.33fsh  36.532>  282cde  (.74sh  (0.26°fs  (0.184  (.08def
ILL-2178 11.662>  11.0be 50.02 71.03bc 32 .22f 28.87bed  1.08efs  (0.64b<  (0.24¢h  (.12bf
X-125-54 7.66¢ 12.0pe 44.3¢ 60.67ds  32.27>f 27 6def 1.85¢d  (0.5vf 0.37bcd (.11
09583227-04 10.662bc  11.33bc 49.0b 76.332 382 32.932 0.73sh  0.22¢fs  (.12i 0.05¢f
Jiru 12.02 12.66° 49.0b 64.33<f  32.33>f 27.67df (.58  (0.23%6  0.16d41  (.07def
Beredu 7.0f 12.Qpec 40.0s 53.33h 30.53bf  24.67¢fs  2.12b¢  0.27¢fs  0.632 0.1<f
Challew 11.66°>  11.66bc 50.02 72.0% 3247~ 24.33efs 0.32def  (0.128h  (.07¢f

0.49m &

Dz2012-Ln0050  8.0¢f 12.0bc 44.66°f  56.0sh 34.8>d 26.2d¢fs 2832 0.76b«d  0.44bc (.22
EL-142 10.66%b<  10.66bd  48.66%<  63.0d8 26.27%s  24.53¢%s  0.161 0.12<8  0.061 0.04def
Teshale 11.332>  12.33b 49.02b 65.67b<d  28.13¢fs  24.26fs  (.23% 0.11<s  0.12¢F  0.03¢
Derash 9.33cde 11.33b¢ 44.33f 56.33sh  33.13>  26.848 2.69%  0.86bc  (0.39bed  ().22abc
Mean 9.7 11.5 46.82 63 31.82 26.79  1.303 0.455 0.23 0.11
CV 11.9 10.74 2.94 6.92 12.23 8.8 28.65 28.17 2919  30.38
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Note: Some letters in some columns are not significantly different.

Yield Evaluation and Interactions of Planting Dates with Genotypes

Different planting dates led to varying seed yields. The highest seed yield on day 1 was from the
genotype Dz2012-Ln0050 (2.83 t/ha), R-186 (2.74 t/ha), Derash (2.69 t/ha), and Beredu (2.12 t/ha). The
seed yield of lentil genotypes planted in mid-September was relatively higher among the tested
genotypes, such as R-186 (1.0 t/ha), 96006L-984005 (0.92 t/ha), Dz2012-Ln0050 (0.76 t/ha), and Derash
(0.86 t/ha). Similar results showed higher seed yields when sowing occurred in November, which
was linked to an increased number of pods. Likewise, according to the results of Lancelot et al. (2023),
overall phenological development, including vegetative phase duration, flowering, and podding,
decreased with delayed sowing.

The lentil crops planted in mid-August (Day 1) tend to grow taller and produce higher seed yields
than those planted later (Day 2). The earlier-planted crops benefit from a longer growing season and
favorable conditions that support their development. At the Dz station, the genotype Beredu stood
out on day 1 of planting with a remarkable harvesting index of 0.628 (Table 2). Our data analysis
revealed a significant difference (P<0.001) in seed yield. The effects of genotypes and the interaction
between planting dates were also highly significant for days to 50% emergence, flowering, and seed
yield (Table 3a and 3b).

Genotypes also played a key role, with the interaction between different sowing dates being notably
significant. Excitingly, lentil genotypes planted later (on day 2) appeared to experience a potential
decline in seed yield, probably due to increased flower abortions. Tawaha et al. (2002) showed that
delaying sowing adversely impacted key metrics, including grain output, plant height, the number
of primary branches per plant, and the number of pods per plant. These results align with our
findings. Our results also agree with Rehman et al. (2014), who found that early sowing of two
soybean genotypes produced significantly higher values in the number of seeds per plant and seed

yield compared to late sowing.

Table 3a: Analysis of lentil genotypes with planting date and its effect on the interaction, their analysis of

variance, sum, and mean square for days to 50% emergence and days to 50% Flower at Debre Zeit Research

Station.

Source Df Days to 50% Emerge Days to 50% flower
Sq Mq Pr(>F) Sq Mq Pr(>F)

Replication vector 2 12.54 6.27 0.015* 30.4 15.2 0.2407857
Genotype(G) 19 187.3 9.85 2.563e-10 *** 22945 120.8  1.377e-15***
Planting date 1 95.8 95.82  3.395e-12 *** 7836.5 78365 <2.2e-16***
(PD)
GXPD 19 124.7 6.56 6.403e-07 *** 552.7 29.1 0.0008361 ***
Residual 78 110.38  1.41 817.9 10.5

Sq = sum square, mq = mean square
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Table 3b: Analysis of lentil genotypes with planting date and its effect on the interaction, their analysis of

variance, sum, and mean square for plant height and seed yield at Debre Zeit Research Station.

Source Df Plant Height (cm) Seed Yield

Sq Mq Pr(>F) Sq Mq Pr(>F)
Replication vector 2 26.27 13.14  0.2814 0.363 0.181  0.04*
Genotype(G) 19 132755 69.87  3.624e-10*** 40.805  2.148  <2e-16***
Planting date 1 758.94 75894 5.672e-13*** 58.244  58.244 <2e-16***
(PD)
GXPD 19 12791 6.73 0.8455 38.966  2.05 <2e-16 ***
Residual 78 795.07  10.19 4.229 0.054

Sq = sum square, mq = mean square

Planting Dates and Genotypes Evaluation on Yield-Related Traits at Akaki Sub-Station
Agronomic Trait Evaluations

The variable changed based on genotype, planting date, and their interaction (genotype x planting
date). The analysis revealed significant differences with a p-value below 0.01, clearly showing that
key factors such as the time to reach 50% flowering, plant height, and seed yield per plot varied
notably. The days needed for lentil genotypes to reach the critical 50% emergence level varied widely;
some, like genotype 96006L-984005, emerged within 9 days when sown in mid-August, while others,
such as ILL-142, took 14 days when planted in mid-September. Fast-emerging genotypes tend to
produce higher yields, whereas late-emerging genotypes usually perform better with early planting

dates due to unfavorable conditions like cold temperatures and water stress.

The average number of days for 50% of plants to bloom showed significant differences. For example,
the 96006L-984005 variety started blooming quickly in just 47 days when it was sown in mid-August.
The results revealed an interesting trend: genotypes such as 96006L-984005, which bloom in only 47
days, and Beredu, at 48 days, demonstrated a strong ability to flower earlier when planted in mid-
August. Interestingly, when seeds were sown about a month later, in mid-September, genotype
96006L-984005 flowered after just 52 days, highlighting its rapid flowering. In contrast, the 09583227-
04 genotype took longer, up to 76 days, when planted in mid-September. Conversely, this genotype
was slower, taking 70 days to reach flowering. Overall, genotype 09583227-04 was the slowest among
all tested genotypes (Table 4). In other words, the days to reach 50% flowering were shorter when the
lentil genotype was planted in mid-August (day 1) compared to mid-September (day 2).

Table 4: Mean values for yield and yield-related traits on two different planting dates of Lentil at Akaki sub-

station.
Days to 50% Days to 50% Plant Height(cm) Seed Yield HI
Genotypes emerge flowers (t/ha)
Day 1 Day 2 Day 1 Day 2 Day1 Day2 Dayl Day Day1 Day2
2
Adda 9.66b¢ 10.33¢ 54.33¢fs  59.33fsh  32.3a 25.66%  1.73de 14>  0.32¢s  (0.31b«d
94-003L 10.33abc  11.33abc 55045  60.0eh  27.2be 20.73def  2.37bc 14>  0.41>f (.39
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R-186 11.020 12.332b¢  62.33bc  67.33bcd  31.12b 23.13~d  3.412 2.72 0.46<8 0.43bc
ILL-1760 10.662b¢  11.332b¢  64.66P 68.0pc 21.47def  22.67ad  135ef 1.4 0.362 (0.34b-e
96006L-984005  9.33¢ 10.0¢ 47.0t 52.0i 19.93¢ 18.53¢f  0.87s 0.7¢de (.29 0.27b¢
Alemtena 10.66%b¢  11.66%b¢  58.33cde  63.33<f  15.13f 20.8d¢f  (0.34hj  0.3efs  (0.282bc  (.15¢
Chekol 10.3abc 11.3abc 60.3bed  65.3b-e 14.93s 13.4s 0.03i 0Os 0.03s 0.0f
Alemaya 11.332 13.3320 53.0¢h 58.0t 25.53¢ 20.84¢f  0.94fs  0.6d¢f  (.07efs (0.22b-e
Dz-2012-Ln-238 11.0% 12.33a3b¢  53.0eh 58.0%4 25.3¢d 21.27¢f 212« 1.2bc (.48b8 0.354-f
Gudo 10.0abc 10.66¢¢ 51.33shi  56.33hij  24.67cde 22 .8ad 0.728h  0.4efs  (0.22¢8 0.1920
ILL-2178 11.332 13.332 64.0v 69.0p 27.4def 25,533 1794 .40 0.3924 0.30def
X-125-54 10.662b¢  11.332bc  52.66fh  57.668M  26.4¢ 18.33f 2.03¢«d  1.2bc  (.32¢8 0.382»
09583227-04 11.0% 12.0abe 70.662 75.662 26.86¢ 26.272 0.89fs  (0.7¢de (.18 0.15def
Jiru 10.662bc 12332 56.66ds  61.66¢h  20.73¢f 24.8abc  (.54shi  (.5¢fs  (.252 (0.17¢cde
Beredu 10.0abc 11.332bc  48.0hi 53.0i 25.87¢ 22.]b-e 2.05¢d  1.3bc  (.492 0.462
Challew 9.66b¢ 10.660¢ 57.0<f 62.048 17.93fs 21.13«f .78k 0.69f  0.372b 0.14aef
Dz2012-Ln0050  9.66b¢ 10.33¢ 53.66¢f8  58.66f8h  27.0¢ 21.66¢f  2.82b 1.1bcd  (.472d 0.32b¢
EL-142 11.332 13.662 55.6648  60.66¢h  25.]1cd 19.934f (.21 0.1 0.08fs 0.07def
Teshale 9.66b¢ 11.0abc 56.048 61.0¢h 17.47% 18.33f 0.33h5  0.3¢fs (.11 (0.18bcd
Derash 11.02b 13.332b 55.048 60.0¢h 27.27bc 20.2d¢f  271P 1.42>  0.46>f (0.38b¢
Mean 10.47 11.7 56.43 61.35 23.68 21.35  1.39 0.936 0.28 0.26
Cv 9.19 13.9 5.93 5.32 10.38 10.51 2052 30 29.63 28.5

Note: Some letters in some columns are not significantly different.

The study's results indicated that lentil genotypes planted over a month apart resulted in an increased
number of days to 50% flowering and emergence. The effects of late sowing on lentil crops vary
greatly depending on the genotype, planting date, and traits measured. At Akaki, there was a
significant genotype by environment interaction for seed yield and plant height, while at Debre Zeit,
this interaction was absent. However, Debre Zeit did show notable interaction in traits like 50%
emergence and flowering. It's interesting how the environment affects these traits differently! It's
interesting to note that every phenological stage of the crop appeared to be affected, as highlighted
by Wahid et al. (2007). In contrast to the findings of Yamamoto et al. (2008), late sowing under adverse
temperature fluctuations actually results in a shorter phenological duration compared to normal
sowing conditions. Landraces flowered and matured earlier than both released cultivars and exotic
lentil germplasm. This result aligns with the reports of Mekonnen et al. (2014b) and Kefelegn et al.
(2025).

When sowing was delayed by just one month, the Adda genotype plants experienced a notable
decrease in height, dropping by 6.64cm. It is interesting how such a small change in timing can lead
to a significant difference in growth. Additionally, the tallest plants were observed when planting
took place on the main or mid-August planting day for this genotype (Adda=32.3 cm). Later planting
resulted in shorter plants and fewer leaves per plant, most likely because there was less time for
vegetative growth. An intriguing interaction between various genotypes and planting timing

influenced the plants' height. The sowing date, the types of lentils chosen, and how these factors
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interact made a significant difference (p<0.001) in plant height (Table 5b). As a result, plant heights
were affected by planting dates, genotypes, and growing seasons. Conversely, delayed planting led
to taller plants in six of the 20 genotypes studied. For example, the genotypes Teshale, Challew, IlI-
2178, Jiru, Alemtena, and ILL-1760 showed greater plant heights on the second planting date. Similar
studies show that late planting reduces plant height compared to regular planting, as well as heading
and maturity (NWRP, 2017; Singh et al., 2011). The effect of origin was significant for days to 50%
flowering in all trials; however, there was no significant effect of geographical origin on plant heights
(Abdelmonim Z et al., 2024).

Yield Evaluation and Interactions of Planting Dates with Genotypes

The seed yield was higher for the genotypes R-186 (3.41 t/ha), Dz2012-Ln0050 (2.82 t/ha), Beredu (2.05
t/ha), and Derash (2.71 t/ha). Additionally, on the second planting day (day 2), seed yield was also
higher for genotype R-186 (2.7 t/ha), Derash (1.42 t/ha), Beredu (1.3 t/ha), and Dz2012-Ln0050 (1.1
t/ha). Comparing the two planting dates shows a notable difference, especially for the lentil genotype
R-186, which was planted in mid-August and resulted in a yield difference of 0.71 t/ha. The results
indicate that the two planting dates responded differently, and a one-month delay in sowing led to a
decrease in yield. Almost all genotypes perform better when planted on day 1 (mid-August).
Meanwhile, the harvesting index at the Ak substation reached a healthy 0.49. However, don’t
overlook Beredu, which once again performed well at the Ak substation with an impressive 0.48
(Table 4). Singh et al. (2007) reported that planting in mid-September produced significantly higher
fruit yields than plantings in mid-October and mid-November. Similarly, Lewis (2003) observed a
decreasing effect of delayed planting on yield. The difference in yield per plant due to planting time
may be caused by variations in the growing environment and the vegetative growth phase, a point
supported by Chandler et al. (1991). In late sowing conditions, crops experience lower temperatures
up to the booting stage, and they are subjected to increasing temperatures, which negatively affect

grain development (Singh et al., 2011).

Table 5a: Analysis of lentil genotypes with planting date and their effect on the interaction, their analysis of

variance, sum, and mean square for days to 50% emergence and days to 50% Flower at Akaki Sub-Station.

Source Df Days to 50% Emerge Days to 50% flower

Sq Mq Pr(>F) Sq Mq Pr(>F)
Replication vector 2 1.667 0.833 0.62823 28.8 14.41 0.2647
Genotype(G) 19 83.833  4.412 0.00274 ** 36564  192.44 <2.2e-16 ***
Planting date 1 45.633 45.633  2.718e-06 *** 725.2 725.21 3.089e-12 ***
(PD)
GXPD 19 9.033 0.475 0.99897 4.0 0.21 1.00
Residual 78 139.0 1.782 78 831.2 10.66

Sq = sum square, mq = mean square

Table 5b: Analysis of lentil genotypes with planting date and its effect on the interaction, their analysis of

variance, sum, and mean square for plant height and seed yield at Akaki sub-Station.

Source Df Plant Height (cm) Seed Yield
Sq Mq Pr(>F) Sq Mq Pr(>F)
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Replication 2 0.62 0.308 0.9496 3240 1620 0.1692
vector

Genotype(G) 19 137043 72.128 3.688e-16 *** 709202 37326 <2.2e-16 ***
Planting date 1 163.33 163.333  1.364e-06 *** 68362 68362 3.179e-13 ***
(PD)

G XPD 19 511.15  26.902 1.020e-06 *** 65273 3435 1.204e-05 ***
Residual 78 465.09 5.963 69514 891

Sq = sum square, mq = mean square

Planting dates and genotypes significantly influenced days to 50% emergence and days to 50%
flowering (p<0.001) (Table 5a). Additionally, the interaction between planting date and genotype was
significant (p <0.001), indicating that different genotypes responded differently in terms of seed yield
and plant height (Table 5b). At Akaki, there was a significant genotype by environment interaction
for seed yield and plant height, while at Debre Zeit, this interaction was absent. However, Debre Zeit
did show notable interaction in traits like 50% emergence and flowering. It's interesting how the
environment affects these traits differently! Similar findings were reported by Aziz (1992) and Sekhon
et al. (1986). Several studies have also shown that there are highly significant differences in morpho-
agronomic traits among lentil genotypes (Crippa et al., 2009; Edossa et al., 2010; Pandey et al., 2015;
Hussan et al., 2018; Sakthivel et al., 2019).

The effects of sowing dates, lentil genotypes, and their interaction were significant for plant height
and seed yield (Table 5b) (Ouji and Mouelhi, 2017). They demonstrate a clear interaction effect on
seed yield at Debre Zeit compared to Akaki within a specific planting date range (Golla et al., 2018).
Another study found that different planting dates also significantly affect grain yield and related
traits (Ke F, Ma X, 2021; Meleha AMI, 2020). The decline in yield with delayed planting results from

changes in plant and environmental conditions, or a combination of both (Egli and Cornell, 2009).

Analysis of Correlation Coefficient

A notable link exists between agronomic traits and the harvesting index; the analysis also revealed
connections among the traits studied, as shown in Table 6. A strong positive correlation was found
between the harvesting index and seed yield (r = 0.56), which exhibited a higher direct effect and
favorable traits for the breeding program. Additionally, a significant relationship was observed
between the number of days for 50% of the plants to emerge and the days for 50% to flower (r =0.44).
Traits such as plant height and seed yield also showed positive, significant links with the harvesting
index, indicating their usefulness for improving yield. These traits were positively associated with
grain yield through gene linkages during the coupling phase, suggesting that selecting for these traits
could help increase seed yield. The findings align with those of Assefa Funga et al. (2022), Hussan et
al. (2018), Chowdhury et al. (2019), and Kishor et al. (2020). A significant positive correlation was also
reported between plant height, pods per plant, and seed yield by Sharma et al. (2014) and Dalbeer et
al. (2013). Plant height, biomass production, hectoliter weight, harvest index, and thousand-kernel
weight all demonstrated strong positive relationships with grain yield at both genotypic and
phenotypic levels, according to Dabi et al. (2016). At the phenotypic level, Sarwar et al. (2013) and
Dugassa et al. (2014) also found positive, significant correlations between plant height, above-ground

biomass, and harvest index. A greater magnitude of genotypic correlation helps in selecting
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genetically controlled traits and offers a better chance for seed yield improvement than phenotypic

association alone (Robinson et al., 1951).

Table 6: Correlation coefficient among agronomic traits derived from 20 Lentil Genotypes in the combined

Matrix auto-method R version 4.3.3.

Parameter 1 Parameter 2 r 95% T (238) P

Day to 50% Emergence Days to 50% F 0.44 [0.33,0.54] 7.56 <0.001***
Day to 50% Emergence Plant height -0.19 [-0.31, -0.07] -3.04 0.011*
Day to 50% Emergence Seed Yield -0.17 [-0.29, -0.04] -2.65 0.017*
Day to 50% Emergence HI -0.24 [-0.36, -0.12] -3.87 <0.007***
Days to 50% Flower Plant height -0.19 [-0.31, -0.06] -2.98 0.011*
Days to 50% Flower Seed Yield -0.11 [-0.23.0.02] -1.71 0.088
Days to 50% Flower HI -0.24 [-0.36, -0.12] -3.88 <0.001***
Plant height Seed Yield -0.27 [-0.38, -0.15] -4.31 <0.007***
Plant height HI 0.20 [0.07,0.32] 3.12 0.010%
SY t/ha HI 0.56 [0.47,0.64] 10.54 <0.001***

p-value adjustment method: Holm (1979); Observations = 240

*,** and *** indicate significance at 0.05, 0.01, and 0.001 probability levels, respectively.

A significant negative correlation was observed between the harvesting index and both the days to
reach 50% emergence and the days to reach 50% flowering (r = -0.24). This indicates an interesting
trend: as the harvesting index increases, the time needed for plants to reach these stages decreases.
The findings of Mohammad et al. (2005) indicated that days to 50% heading had a negative
correlation with the harvest index. Additionally, seed yield showed negative correlations with days
to 50% emergence (r =-0.17), days to 50% flowering (r = -0.11), and plant height (r =-0.27). A notable
negative correlation was also found between plant height and two important traits: the time until
50% of the plants had germinated (r = -0.19) and the time until 50% reached flowering (r = -0.19).
Similar findings were also reported by Abdelmonim et al (2024); plant height showed a significant
negative correlation with days to flowering at Sidi El Aidi (r = -0.23) and at Adana during the 2021
season (r = -0.21). Correlation studies between agronomic traits such as yield and its components can
help plant breeders and agronomists improve crop growth and yield attributes (Ezzat and Ashmawy,
1999). Similarly, variation in lentil crop performance under different fertilizer levels was reported by
Jain et al. (1995) and Pandey et al. (1992). Kumar et al. (2017) also reported a highly significant and
positive genotypic association of seed yield per plant with the harvest index, above-ground biomass,
number of secondary branches, number of pods per plant, 1000 seed weight, and number of seeds
per pod.

4. Conclusions

The results showed that the first batch of lentils planted produced a significantly higher seed yield
per plot than the second batch. There is considerable variation among lentil genotypes for all studied
traits, and the performance of different varieties (genotypes) varies depending on their planting date.
Therefore, plant performance was influenced by genotype, planting date, and their interaction
(genotype x planting date). Significant differences were observed between genotypes and planting
dates, which could affect the selection of varieties for different production conditions. The variation
in days from 50% flowering to 50% emergence, along with plant height and yield, may reflect

differences in genetic makeup and varying responses to sowing date.
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Early seedling emergence, earlier flowering, and increased plant height positively contributed to
yield growth. Delaying planting by a month caused reductions of 1.74 t/ha and 0.71 t/ha in the
genotype R-186 at Bishoftu and Ak sub-station, respectively. Furthermore, the genotype Derash
recorded higher yield differences of 1.83 t/ha at Dz station and 1.29 t/ha at Ak sub-station compared
to the second planting date. Changes in rainfall and temperature, which influence the overall
performance of our tested lentil genotypes, were observed. The R-186 variety, which outperformed
all other genotypes, showed yield differences between normal and late sowing conditions. Late
sowing of lentil plants increases the growing period from emergence to flowering, reduces vegetative
growth, and leads to higher flower abortion, ultimately lowering yield and its components. The

timing of sowing affected the behavior of lentil genotypes, as late sowing induced heat stress.

The effect of interactions between genotypes and planting dates on 50% emergence, 50% flowering,
and yield was highly significant (p<0.001). A stronger genotypic correlation improves traits
controlled by genetics and increases the potential for boosting lentil seed yield. Correlation studies
of agronomic traits such as yield and its components can help plant breeders and agronomists
enhance crop growth and yield characteristics. An interesting connection emerged, revealing a
notable relationship between the harvest index (HI) and seed yield, indicated by a correlation of r =
0.56. Additionally, the time it takes for 50% of the plants to emerge and bloom showed a significant
connection, with a correlation coefficient of r = 0.44. When examining the relationship between plant
height and HI, a weaker correlation was observed at r = 0.2. These insights can serve as valuable
guidance for improving different genotypes.
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