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ABSTRACT: The study was cartied out in the years 2022/2023 and included a field experiment in two
locations (Rashidia and Alqosh districts in Iraq); each study contained 12 treatments resulting from
combinations between two planting and harvest dates and three seeding rates for chickpea seeds: plantings in
autumn and spring, with harvests on 5/15 and 6/1/2023; the sowing rates wete based on different densities
and the distance between the sowing lines (20-15-10 cm) was changed to obtain (150, 100 and 75) plants m-
2. A randomized block design was used in a factorial arrangement with three replications. The results of the
individual factors for the autumn planting dates and harvest date on 05/15 indicated significant supetiority
of these two dates in all the characteristics studied; From the results of the sowing rates, the average
supetiority of 75 plants m in the characteristics of the number of pods plant! and the seed index is noted.
In contrast, seeding rates exceeded 75 and 100 plants m in the seed pod! number trait, while seeding rates
exceeded 150 plants m in plant height, lowest pod height, seed yield and biological characteristics, for both
experimental locations.

Keywords: plant-climate interactions; harvest dates; planting date; seeding rates.

Efeito de algumas operagdes agricolas no crescimento e rendimento do
grao-de-bico (Cicer ariteniumL.)

RESUMO: O estudo foi realizado nos anos 2022/2023 e incluiu um experimento de campo em duas
localidades (distritos de Rashidia e Alqosh no Iraque); cada estudo continha 12 tratamentos resultantes de
combinagdes entre duas datas de plantio e colheita e trés taxas de semeadura para sementes de grio de bico,:
plantios no outono e ptimavera, com colheitas em 15/5 e 1/6/2023; as taxas de semeaduta foram baseadas
em diferentes densidades e a distancia entre as linhas de semeadura (20-15-10 cm) foi alterada para obtengao
de (150, 100 e 75) plantas plantas m2. Utilizou-se delineamento em blocos casualizados, em arranjo fatorial,
com tres repeticbes. Os resultados dos fatores individuais para as datas de plantio de outono e data de colheita
em 15/05, indicaram superioridade significativa dessas duas datas em todas as caracteristicas estudadas; a
partit dos resultados das taxas de semeadura, nota-se a superioridade média de 75 plantas m? nas
caracteristicas do nimero de vagens planta' e o indice de sementes. Em contrapartida, as taxas de semeadura
ultrapassaram 75 e 100 plantas m? na caracteristica do nimero de sementes vagem!, enquanto a taxa de
semeadura ultrapassou 150 plantas m? na altura da planta, altura da vagem mais baixa, rendimento de
sementes e caracteristicas biologicas, para ambos os locais experimentais.

Palavras-chave: interagdes planta-clima; datas de colheita; datas de plantio; taxas de semeadura.
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1. INTRODUCTION

Chickpea (Cicer arietinum 1..) is One of the major crops
that are legumes adapted to the conditions of the world's
semi-arid and arid locations because of the crop's ability to
absorb water from the soil with high efficiency because it has
an in-depth root system that can reach water in the depths of
the soil (Gan et al, 2012), the nutritional importance of
chickpeas is due to the high percentage of protein digestion
in it compared to other legumes, as well as the high rate of
essential amino acids and low and nutrients, and the %
protein in its seeds can reach (22%), Chickpea seeds are high
in carbohydrates (52-70%) and fats (4-10%) as well as fiber,
oils, calcium, and phosphorus (Qasim et al., 2010) and
chickpeas are of great importance in agricultural rotations

due to improved soil fertility through atmospheric nitrogen
fixation by streptococcus bacteria (ALI et al., 2021; ALI et
al., 2023). Planting seasons greatly affect the characteristics of
leguminous crops, including chickpeas, because the variation
of planting seasons leads to the variation of synchronization
of appropriate or inappropriate environmental conditions
that the crop goes through in its different stages of growth
according to the dates chosen for planting (ABDULQADER
et al,, 2021).

The impact of appointments increases, especially in dry
areas with low moisture content, due to the varying amount
of rain that the crop exploits during its growth, and this effect
is exacerbated by the sharp rise in temperatures, especially in
the later stages of plant life, the increase in consequences of
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global warming, the scarcity of water resources, and the
increase in drought and desertification (ALI, 2021; ALI et al.,
2023; ALI et al., 2024).

The production of chickpeas is affected a lot by the
growing seasons, so the appropriate date must be determined
for planting the crop accurately because of the sensitivity of
the crop to frost and the possibility of infection with leaf spot
disease (Askokaita), which is active during frost periods, and
the crop is grown during the winter in the Indian
subcontinent and Latin Ametica and during the spring in the
Mediterranean basin. Since the seventies of the last century,
there have been attempts to introduce winter agriculture to
the areas where the crop is grown during the spring by
developing varieties that bear grades Low heat and resist
blight (associate spot). Studies (Lopez et al., 2008) in this area
indicated that the yield of the winter planting season is almost
twice as high as the spring planting season.

In Iran, Sadeghipour; Aghaei (2012) studied the effect of
three winter dates (12/10, 2/11, and 22/11) and two spring
dates (16/3 and 6/4) on chickpea yield. They noted that the
second winter date significantly outperformed the biological
yield (g m?), the number of seeds in every pod, the number
of pods in every plant, and the seed yield per m? Sikdar
(2015) observed a significant superiority of the winter over
the spring season in most studied qualities. Thombre et al.
(2019) noted that winter dates excelled in plant height, 100
seed weight, number of pods, biological yield and seed yield.
Getachew; Abraham (2021), when studying four planting
dates (4, 14, 24 September, and 5 October) for some chickpea
varieties (Dube, Dalota, Teji, and Ejere), noted a high
significant superiority for the date of September 14 in most
of the studied traits. Sandeep et al. (2023) found significant
differences between most of the studied traits of the chickpea
crop when planted with different planting dates.

The main reason for the low yield of leguminous crops in
general and chickpeas is the fall of flowering before maturity
or the occurrence of the breakup of the pods at maturity and
the scattering of seeds, reducing the breakup will lead to an
increase in the yield of leguminous crops in general, including
the chickpea crop. There is a lot of controversy about
whether the yield of legumes is determined by the size and
number of pods, the size and number of seeds, or the number
of leaves formed early and their ability to carry out
photosynthesis.

Many studies are in favor of the size and number of pods
and the size and number of seeds as the pods that are formed
early as a result of the activity of the vegetative part of the
plant are heavier than those that form late and that these pods
and seeds will be prone to breakup Early and thus the loss of
large amounts of yield as a result of the seeds breaking from
the pods. Many signs of crop maturity include plant
discoloration to yellow, corns, or browning and low humidity
below 20% (BEGUM et al., 2007).

One method to reduce breakup is to use different harvest
dates. Yang (2012) stated that early harvesting, when the
color of the pods changed from green to yellow, resulted in
obtaining the highest number of pods/plants, the number of
seeds/pods, the weight of 1000 seeds, the seed yield, and the
biofield, but the delay in harvesting led to a decrease in all
these qualities. Enaiat; Sharafizadeh (2013) found that in early
harvesting, when the color of the pods changed from green
to yellow or brown, it was possible to obtain the maximum
seed yield and vital yield, but the delay in harvesting led to a
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decrease in seed yield due to the breakdown of the pods and
the scattering of seeds. Saini; Thakur (2014) found that early
harvesting after ten days of ripening and yellowing of the
pods led to a significant increase in the characteristics of the
number of pods/plants, number of seeds/pods, and weight
of 1000 seeds compared to late harvesting after thirty days of
maturity and yellowing of the pods. In their study, Rahman;
Akter (2015) deduced the nominal effect of the first harvest
when most of the pods are colored yellow and the second
most of the pods are colored brown. As the two dates
differed, the date of the first harvest exceeded the second in
the traits of the number of seeds/pods, the number of
pods/plants, the weight of (1000) seeds, the biological yield,
and the seed yield.

Seeding rates are defined as the ideal number of seeds for
sowing plants, which will result in the required number of
plants per unit area to give the highest production at the
lowest production costs (seeds + fertilizers + pesticides, etc.).
Seeding rates and, thus, plant density vary according to the
crop, soil fertility and prevailing environmental conditions.

Plant density is determined by the amount of seeding,
seed size, degree of vitality, and purity of Studies in this field
showed that the study of Cokkizg (2012) showed the
superiority of plant height and the height of the lowest pod
in high seeding rates (50 and 60 plants m2). The average plant
height (46.10 — 45.50 cm) and the average height of the
lowest pod (30.70 — 33.00 cm) in these two qualities,
respectively), and the number of branches.plant! increased
significantly at low seeding rates (30 plant m?) and the
number of branches (2.75 branches plant!). Then, it
decreased to (2.40-2.43-2.17 branches plant') when seeding
rates were increased to 40, 50, and 60 plants m2, respectively.
Gan et al. (2012) found that growing seeding rates from 20
to 30, 40, and 50 plants m led to a significant in seed yield
kg ha' and a significant dectease in pods and seeds/pods.
Ray et al. (2017) noted that the average of 50 kg ha'! was
substantially superior in seed yield, weight of 100 seeds, and
seeding rate of 60 kg e! was significantly higher than 100
seeds and biological yield. Choudhary et al. (2022) confirmed
an increase in seed yield and biological yield by increasing
seeding rates to 80 kg ha’l, but the number of pods plants!
increased with lower rates.

The study aims to determine the impact of planting
seasons, seeding rates, and harvest dates on the development
and output of local chickpeas (Cicer arietinum 1..).

2. MATERIAL AND METHODS

The study was cattried out in the years 2022/2023 and
included a field experiment in two sites (Rashidiya and
Alqosh district); each study included 12 worker treatments
resulting from combinations between two dates for planting
and harvesting and three seeding rates for local chickpea
seeds grown in Nineveh Governorate and the factors were
implemented as follows: Planting dates autumn 1/11 spring
15/2. The second factor was the number of plants in every
area. The area was 4.5 m? and included five lines, each
measuring three meters in length and spaced thirty
centimeters apart; the experimental unit contained
(150,100,75) plants, and the distance between the holes (20-
15-10 cm) was changed to obtain the required numbers for
each experimental unit. The third factor is two harvest dates,
15/5 and 1/6/2023.

The (R.C.B.D) was used according to the system of factor
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experiments with three replicates, the design chosen for
analyzing the data, and the differences between the averages
were tested according to the Dunkin' multi-range method.
The land was plowed on two perpendicular plows with the
dump plow and then smoothed with the awl.

The parameters in the experimental units of each repeater
were randomly distributed, and the seeds were planted at a
depth of approximately 5 cm. Fertilizer with nitrogen was
added at a rate of (40 kg nitrogen ha!) at once at the planting
of each appointment in the form of urea CO(NH2)2 45-46%
N as a booster dose. Superphosphate fertilizer (P2Os) was
included at 46% at a rate of (40 kg ha') when planting
according to the scheduled dates for all experimental units,
and the bush was controlled manually twice in both sites. The
harvesting process was carried out manually or according to
the ripening periods. The following characteristics were
studied: plant height (cm) and number of primary branching
plant!, height of the first pod above ground (cm), number of
pods plant, and number of seeds pod-!, seed index (g), seed
vield (g m), and biological yield (ton ha1).

3. RESULTS
3.1. Plant height (cm)

The results obtained in Table 1 show a significant
superiority in the height of plants planted on the autumn date
(45.74 and 38.88 cm) compared to the spring date (40.16 and
34.33 cm). The rationale behind plants' supetior height in the
autumn date compared to the spring date is the result of the

Table 1. Effect of some agricultural operations on plant height (cm).

prolonged crop time growth and the availability of
appropriate environmental conditions of heat and humidity
during the period of plant elongation, and this was reflected
in the height of the plants planted on the autumn date. This
outcome was comparable to the result of Sikdar (2015),
Thombre et al. (2019), Getachew; Abraham (2021) and
Sandeep et al. (2023).

The height of the harvested plants on the date 15/5
morally exceeded the average recording of (43.20 cm) on the
hatvest date 1/6 and reached an average of (42.98 cm) at site
one because the more the plant height in the high seeding
rates is due to the elongation of plants due to the effect of
shading plants for each other and thus increasing their
lighting competition. In site 2, the plants harvested on 15/5
and 1/6 did not record significant differences, and the height
was (36.47 and 36.73 c¢m) for the two hatrvest dates,
respectively (Islam et al., 2010).

It reached a significant superiority of plant heights when
planting at a rate of 150 plants m, where a height of (52.75
and 42.90 cm) was obtained, while the plant height rate
decreased significantly to (33.70 and 29.94 cm) when planting
75 plants m2. The superiority of the height of plants at high
seeding rates is due to shading due to crowding between
plants. It thus activates auxin in shading places, which
encourages cell division and, therefore, increases the height
of plants to obtain the largest amount of light, which agrees
with the study of Cokkizg (2012).

Tabela 1. Efeito de algumas operagGes agricolas na altura das plantas (cm).

Seed rate

Planting dates Harvest time

75 plants m2

100 plants m2

150 plants m2 Planting dates * Harvest time

Site 1
Autumn 15/5 37.37d 43.25 ¢ 58.05 a 55.64 a
1/6 35.08 d 4421 ¢ 56.47 a 56.25 a
Spring 15/5 3231 e 4111 cd 4714 b 4436 b
1/6 30.02 e 41.02 cd 49.33 b 40.19 ¢
Seed rate averages 33.70 ¢ 42.40 b 52.75a
Planting dates * Seed rate Planting dates average
Autumn 51.75b 52.74 b 57.35a 45.74 a
Spring 37.37d 40.25 ¢ 4311 ¢ 40.16 b
Harvest time * Seed rate Harvest time average
15/5 50.14 ab 53.64 a 54.36 a 43.20 a
1/6 47.58 b 50.25 ab 52.34 a 4298 a
Site 2
Autumn 15/5 3377 de 37.36 ¢ 43.69 a 44.52 a
1/6 31.95de 39.99 be 46.52 a 43.65a
Spring 15/5 28.07 e 35.58 d 40.40 b 32.58 b
1/6 2598 e 34.96 d 41.00 b 35.96 b
Seed rate averages 29.94 ¢ 36.97 b 42.90 a
Planting dates * Seed rate Planting dates average
Autumn 40.22 b 40.95b 45.65 a 38.88 a
Spring 34.65 ¢ 35.69 ¢ 38.69 bc 34.33 b
Harvest time * Seed rate Harvest time average
15/5 40.69 ab 43.30 a 42.69 a 36.47 a
1/6 38.52 b 40.22 ab 42.36 a 36.73 a

3.2. Number of branches plant-!

The data in Table 2 indicate significant differences in the
number of branches plant! by different planting dates in the
two study sites, where the number of branches plant!
increased significantly on the autumn planting date compared
to the spring. The number of branches on the first date
reached (2.53 and 2.75 branches plant) for the two study
sites, respectively.

The number of branches for the spring date decreased to
(2.15 -1.66 branches plant) respectively. The increase in
branching at the first date may be due to the longer vegetative
growth period compared to the late dates, which is reflected
positively in this trait. These results agreed with what was
found by those who recorded a significant increase in the
number of branches at early dates compared to late dates.
This result agreed with Sikdar (2015), Thombre et al. (2019),
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Getachew; Abraham (2021). As for the harvest dates, a
significant supetiority is observed for the harvest date on 1/6
in the first site (2.47 branches plant!), while the harvest date
on 5/15 in the second site (2.34 branches plant!) in the
number of branches is significantly superior, and this may be
due to the large variation between the environmental
conditions between the two sites, and this was reflected in
this trait more clearly than the other characteristics study
conducted by Yang (2012).

Seeding rates significantly impacted the number of
branches in the two study sites. The number of branches in
the first site ranged from (3.00 branches plant™') at the rate of
the third seeding, while the lowest average number of
branches reached (1.72 branches plant!) at the rate of the
third sowing. In contrast, at site 2, there were significant

differences from the first site. A considerable superiority was
recorded for the number of branches in the rate of first
seeding, as the number of branches increased to (2.84
branches plant?), which significantly outperformed the rest
of the seeding rates and the number of branches plant’!
decreased substantially below the rates of the third sowing
(1,60 branch plant™).

The vatiation in the number of branches with different
seeding rates is due to competition between plants for
lighting and other soutces of growth in the soil. The largest
number of branches indicates perhaps the preference of the
seeding rates used for each site in receiving an appropriate
amount of lighting and stimulating the largest number of
shoots to produce plant branches, and the result agreed with
the results of Islam et al. (2010) and Cokkizg (2012).

Table 2. Effect of some agricultural operations on several branches plant.
Tabela 2. Efeito de algumas operagdes agricolas em diversas petfilhos plantal-

Seed rate

Planting dates Harvest time

Planting dates * Harvest time

75 plants m2

100 plants m2

150 plants m2

Site 1
Autumn 15/5 1.25d 251D 354 a 325a
1/6 1.99 ¢ 221b 3.65a 254 b
Spring 15/5 1.65 cd 2.02 be 225b 2.01c
1/6 1.98 ¢ 244 b 2.55b 1.65d
Seed rate averages 1.72 ¢ 2.30 b 3.00 a
Planting dates * Seed rate Planting dates average
Autumn 220 b 242 ab 3.06 a 2532
Spring 1.54 ¢ 1.87 ¢ 2.02 be 215b
Harvest time * Seed rate Harvest time average
15/5 3.01 ab 330 a 333 a 220b
1/6 1.58 ¢ 2.20 be 2.75b 2.47 a
Site 2
Autumn 15/5 297 a 341 a 215b 322a
1/6 3.65a 2.33 ab 1.96 b 311a
Spring 15/5 2.65 ab 1.66 ¢ 1.20 e 2.54b
1/6 2.08b 1.28d 1.10 e 241b
Seed rate averages 2.84 a 217 b 1.60 ¢
Planting dates * Seed rate Planting dates average
Autumn 2.34 ab 247 ab 298 a 2.75a
Spring 1.42 ¢ 1.87 be 210b 1.66 b
Harvest time * Seed rate Harvest time average
15/5 211 a 244 a 2.58a 2342
1/6 1.42b 1.51b 1.65 b 2.07 b

3.3. The height of the lowest pod (cm)

The results obtained showed a significant decrease in the
height of the lowest pod for plants planted in the spring date
compared to its height in the autumn date at sites 1 and 2
(Table 3), as the height of the lowest pod increased
significantly in the autumn date to its maximum and reached
(12.38 and 11.82 cm). In contrast, the height of the lowest
pod dectreased considerably in the spring date to (9.30 and
8.76 cm) for sites 1 and 2, respectively.

The increase in the height of the lowest pod in the
autumn may be due to the coincidence of the high
temperatures with planting on the spring date, especially
during the flowering period. Thus, the high temperature of
the soil may lead to the fall of flowering close to the soil
surface or the failure of the fertilization process, and the
result agreed with Thombre et al. (2019), Getachew;
Abraham (2021) and Abdulgader et al. (2021).

The harvest dates significantly affected the lowest pod's
height in the two study sites. A significant superiority was
observed for the height of the lowest pod in site one at
harvest on the first date and reached an average of (11.20
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cm). In contrast, site 2 data violated the first site, and the
second harvest date (10.09 cm) exceeded the first date for this
capacity (ALI et al,, 2021; ALI et al., 2023).

Seeding rates affected the height of the lowest pod in
both sites. A significant superiority was observed for the
height of the lowest pod in the two study sites at the planting
rate at the rate of the third seeding of 150 plants m>
amounted to (11.82 and 10.93 cm). In contrast, the lowest
height of the lowest pod was recorded at planting at a seeding
rate of 75 plants m? (9.94 and 9.55 cm) for the two sites,
respectively, and in the Cokkizg (2012) study, they noticed an
increase in the height of the lowest pod with increased
seeding rates.

3.4. Number of pods plant-!

The number of pods increased at the earliest planting
dates, as the autumn date significantly exceeded the spring
date at the two study sites (Table 4). The number of pods on
the autumn date reached (10.70 — 7.98 pods plant™) in sites 1
and 2, respectively, and the number of pods on the spring
date decreased to (4.74 — 4.03 pods plant?) in the two
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locations, respectively, the increase in the number of pods on
time Al-Khorifi is due to the availability of sufficient time for
plant growth and the increase in net photosynthesis to
process plants with food and thus the formation of a larger
number of pods due to the availability of appropriate

environmental conditions to increase the percentage of
nodes. These results agreed with Sadeghipour; Aghaei (2012),
Sikdar (2015), Thombre et al. (2019) and Getachew;
Abraham (2021).

Table 3. Effect of some agricultural operations of the height of the lowest pod (cm).
Tabela 3. Efeito de algumas opera¢des agricolas na altura da primeira vagem (cm).

Seed rate

Planting dates Harvest time

75 plants m2

100 plants m-2

150 plants m2 Planting dates * Harvest time

Site 1

Autumn 15/5 12.54 b 12.20 b 13.89 a 12.50 a

1/6 10.52 cd 11.35 ¢ 13.77 a 11.25b

Spring 15/5 8.69 e 9.47d 10.36 cd 9.86 ¢

1/6 8.02¢ 9.99d 9.25d 8.67d

Seed rate averages 9.94 ¢ 10.75b 11.82a

Planting dates * Seed rate Planting dates average

Autumn 11.55b 11.95b 13.02 a 12.38 a

Spring 8.56 ¢ 9.45d 10.10 ¢ 9.30 b
Harvest time * Seed rate Harvest time average

15/5 10.52 b 11.01b 1242 a 11.20 a

1/6 8.55d 9.77 ¢ 9.68 ¢ 10.49 b

Site 2

Autumn 15/5 10.65 ¢ 11.99 b 12.97 ab 11.65 a

1/6 10.00 ¢ 11.63 b 13.65 a 11.99 a

Spring 15/5 9.02d 9.25d 9.00d 9.12b

1/6 8.52 de 8.66 de 8.08 ¢ 8.36 ¢

Seed rate averages 9.55b 10.38 ab 10.93 a

Planting dates * Seed rate Planting dates average

Autumn 10.34 b 11.79 ab 12.54 a 11.82a

Spring 8.27 ¢ 842 ¢ 8.04 ¢ 8.76 b
Harvest time * Seed rate Harvest time average

15/5 10.95 a 11.02 a 1147 a 9.09 b

1/6 7.36 d 8.47 ¢ 9.25b 10.09 a

Table 4. Effect of some agricultural operations on the number of pods plant.
Tabela 4. Efeito de algumas operagGes agricolas no nimero de vagens plantal.

Planting dates Harvest time 75 plants m-2 1 O(?epeljnrtastirz 150 plants m? Planting dates * Harvest time
Site 1
Autumn 15/5 11.76 a 11.31 a 10.85 ab 11.23 2
1/6 10.35 a-c 10.05 a-c 9.88 a-c 10.21 ab
Spring 15/5 6.22 be 5.94 be 5.02 ¢ 598 b
1/6 4.22d 4.02 de 3.02e 375¢
Seed rate averages 8.14a 7.83 b 7.19b
Planting dates * Seed rate Planting dates average
Autumn 10.64 a 10.54 a 9.64 a 10.70 a
Spting 5.64 b 4.86b 4.65b 474 b
Harvest time * Seed rate Harvest time average
15/5 10.20 a 9.24 ab 10.64 a 8.52a
1/6 4.95d 452d 6.34 ¢ 6.92 b
Site 2
Autumn 15/5 9.40 a 8.36 a 8.02a 9.57 a
1/6 7.25 ab 7.65 ab 7.22 ab 7.65b
Spring 15/5 5.76 b-d 6.47 a-c 4.96 de 5.85¢
1/6 3.044 fg 241 fg 1.54 ¢ 2.67d
Seed rate averages 6.36 a 6.22 a 5.44b
Planting dates * Seed rate Planting dates average
Autumn 9.47 a 8.85a 8.47 a 7.98 a
Spting 4.32d 6.87 b 552 ¢ 4.03b
Harvest time * Seed rate Harvest time average
15/5 7.25b 9.42 a 8.64 ab 7.16 a
1/6 3.25d 4.68 cd 5.54 ¢ 4.85b

At site 1, the number of pods at harvest increased
significantly on 15/5, and the average was (8.52 and 7.98
pods plant?) for sites 1 and 2, respectively. The number of
pods ranged (6.92 and 4.85 pods plant!) at harvest by date
1/6, respectively, for sites 1 and 2. These results agreed with

the results of Enaiat; Sharafizadeh (2013), Saini; Thakur
(2014) and Rahman; Akter (2015). In legumes, many
inflorescences are produced. Still, for the decade phase, only
a few of them, and through the number of flowers, it is
possible to predict the seed yield eatly by knowing the
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number of flowers produced, which will make the number of
pods and the number of seeds and the weight of the seeds if
the environmental conditions are favorable. At the same
time, negative changes in ecological conditions lead to a
decrease in yield Islam et al. (2010).

On the other hand, the number of pods significantly
outperformed the decrease in seeding rates at site one. The
number of pods at the rate of the first seeding (8.14 pods
plant) and the second site followed the same behavior with
the superiority of the first and second seed rates, as they did
not differ from each other morally. The rate reached (6.36
and 6.22 pods plant?), while the highest seeding rate wired
150 plants m? The lowest moral average for this trait
amounted to (7.19 and 5.44 pods plant?) for sites 1 and 2,
respectively. The cause of the rise in the number of pods in
low seeding rates is due to the preference of the growth rate
of plants and the availability of needs better at low seeding
rates compared to high rates, and thus the low competition
between plants at the seeding rate of 75 plants compared to
other rates. In contrast, the decrease in pods at high rates is
due to increased competition between plants. These findings
are consistent with those of Gan et al. (2012) and Choudhary
et al. (2022).

3.5. Number of seeds pod-!

The planting dates at the study sites in Table 5
significantly impacted the number of seeds planted in autumn
for sites 1 and 2, ranging between (1.21 and 1.07 seeds pod-
1), while the spring date ranged from seed number pod-! (0.85
and 0.83 seeds pod), and respectively these results agreed

Table 5. Effect of some agricultural operations on several seeds pod-.

with Sadeghipour; Aghaei (2012), Thombre et al. (2019) and
Getachew; Abraham (2021) and Sandeep et al. (2023) who
found a significant effect of planting dates in this capacity.
Harvest dates showed substantial differences in the number
of seeds. They recorded a considerable superiority for the
harvest date 15/5 in the number of seeds and for sites 1 and
2 where the number of seeds (1.09 seeds pod!) respectively
and the number of seeds decreased significantly to (0.98 and
0.81 seeds pod!) at harvest on 1/6, and this was agreed with
Saini; Thakur (2014) and Rahman; Akter (2015).

The variation in the number of seeds is due to the
incompatibility of the appropriate environmental conditions
of heat and humidity with the fertilization period of eggs in
flower ovaries. The nature of the factors used in the study,
such as dates and seeding rates, may also have an additional
role in reducing or increasing the fertilization rate. In any
case, the high number of seeds demonstrates a high
fertilization rate, and vice versa, as shown by Enaiat;
Sharafizadeh (2013).

The seeding rates significantly affected the number of
seeds at the two sites. The number of seeds at site 1 (1.09 and
1.05 seeds pod) for the seeding rates of 75 and 100 plants
m and recorded superiority of the same rates at site two and
reached (1.02 and 0.99 seeds pod!) compared to the seeding
rate of 150 plants m= which recorded the greatest values of
(0.95 and 0.84 seeds pod!) for sites 1 and 2, respectively.
These results agreed with Gan et al. (2012), who observed a
significant effect of seeding rates on seed count trait pod-
The decrease is due to heterogeneous seed distribution,
increased number of plants, and poor seed contact with soil.

Tabela 5. Efeito de algumas operagdes agricolas em diversas sementes vagem-!.

Seed rate

Planting dates Harvest time

75 plants m2

100 plants m2

150 plants m2 Planting dates * Harvest time

Site 1
Autumn 15/5 1.45a 1.26 ab 1.10 ab 1252
1/6 1.07 ab 1.35 ab 1.04 ab 1.10 a
Spring 15/5 1.00 b 0.80 be 0.90 b 094 b
1/6 0.84 be 0.80 be 0.77 ¢ 0.80 b
Seed rate averages 1.09 a 1.05a 0.95 b
Planting dates * Seed rate Planting dates average
Autumn 1.24 a 1.30 a 1.07 ab 1.21a
Spring 0.93 ¢ 0.80 c 0.86 c 0.85b
Harvest time * Seed rate Harvest time average
15/5 0.96 ab 1.09 a 1.00 a 1.09 a
1/6 0.80 b 0.94 ab 0.82b 0.98 b
Site 2
Autumn 15/5 1332 1352 1.00 ab 121a
1/6 0.92b 0.94 b 0.88b 0.96 b
Spring 15/5 0.99b 095b 0.88b 0.90 b
1/6 0.83b 0.70 be 0.61c 0.70 c
Seed rate averages 1.02 a 0.99 a 0.84 b
Planting dates * Seed rate Planting dates average
Autumn 1.44 a 1.24 ab 1.09 b 1.07 a
Spring 0.94 c 0.84 ¢ 0.71d 0.83 b
Harvest time * Seed rate Harvest time average
15/5 147 a 1.04 b 1.02b 1.09 a
1/6 091 c 0.81d 0.79 d 0.81b

3.6. Seed index (g)

The results in Table 6 indicate the superiority of the
autumn date significantly in the recipe of the seed guide and
for both sites, where the seed index rose significantly on this
date to (30.26 and 26.63 g) respectively. At the same time,
spring planting recorded the lowest moral values for this
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attribute and amounted to the two sites (25.33 and 24.65 g).
The result agreed with Sadeghipour; Aghaei (2012),
Getachew; Abraham (2021), and Sandeep et al. (2023). The
high value of the seed guide in eatly dates is because there is
sufficient opportunity to complete the stages of plant growth
and increase vegetative growth, which is reflected in the
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increased rate of photosynthesis and better seed fullness.
They noticed an increase in seed evidence at early planting
time (ALI, 2021; ALI et al., 2023).

Harvest dates influenced the seed guide at both study
sites. A significant superiority of the seed index at early
harvest was 15/5. The average was (28.90 g) for site one and
(26.33 @) for site 2, and the seed index decreased at late
harvest compared to early harvest and reached (26.69 and
24.95 g) for sites 1 and 2, respectively. The decrease in seed
index at the second date is an expected result of prolonged
duration and stages of growth due to delayed harvest date,
increased competition and respiration, and pause or slow
photosynthesis, all of which negatively affect Saini; Thakur

Table 6. Effect of some agricultural operations of seed index (g).

(2014) and Rahman; Akter (2015).

The seeding rates showed significant vatiances in the seed
index at the two study sites, and the seed index ranged (28.73
and 26.50 g) when planting 75 plants m for sites 1 and 2,
respectively. In contrast, the lowest seed index ranged
significantly (26.61 and 24.86 g) at sites 1 and 2, respectively,
due to the advantage of low seeding rates, as it reduces
competition for nutrients per unit area. Thus, plants take the
largest amount of nutrients compared to those with high
seeding rates. Results were consistent with studies by Ray et
al. (2017), who observed significant variation in the weight
trait of 100 seeds with different seed rates.

Tabela 6. Efeito de algumas operacdes agricolas do indice de sementes (g).

Seed rate

Planting dates Harvest time

75 plants m2

100 plants m-2

150 plants m2 Planting dates * Harvest time

Site 1
Autumn 15/5 3321 a 32.42 ab 30.35 bc 31.94 a
1/6 29.75 ¢ 28.74 ¢ 27.10 cd 2827 b
Spring 15/5 26.45 de 25.99 de 25.00 e 2595 ¢
1/6 25.52 de 2501 e £24.00 24.57d
Seed rate averages 2873 a 28.04 a 26.61 b
Planting dates * Seed rate Planting dates average
Autumn 32.65a 30.54 b 2842 ¢ 30.26 a
Spting 26.14d 26.41d 2521 e 2533 b
Harvest time * Seed rate Harvest time average
15/5 30.31 a 28.31b 27.42 be 228.90
1/6 27.64 be 27.01 be 25.10 ¢ 26.69 b
Site 2
Autumn 15/5 29.54 a 27.35b 26.14 be 26.64 a
1/6 26.35 be 25.74 ¢ 24.63 ¢ 25.14b
Spring 15/5 26.01 be 24.36 ¢ 24.55 ¢ 25.01b
1/6 2411 ¢ 24,78 ¢ 2411 ¢ 2431 ¢
Seed rate averages 26.50 a 25.56 ab 24.86 b
Planting dates * Seed rate Planting dates average
Autumn 28.20 a 26.01b 25.54 be 26.63 a
Spting 25.04 ¢ 24.52d 24.35d 24.65b
Harvest time * Seed rate Harvest time average
15/5 28.65a 26.54 b 25.24 be 26.33 a
1/6 26.54 b 24.65 c 24.50 ¢ 24.95b

3.7. Seed yield m~2 (g)

The seed yield is a summary of the overall biological
activities in the plant, the environmental conditions
surrounding the plant, and the various agricultural processes
that affect the determination of the final yield of seeds. The
results indicate a significant effect of planting dates in most
of the components of Tables (4, 5, and 6) that led to an
increase in seed yield in these treatments (Table 7). The first
date showed significant superiority in the rate of seed yield,
amounting to (63.63 and 82.52 g m?) compared to the second
date, which decreased the seed yield significantly by recording
(36.46 and 43.43 g m™?) for the two study sites, respectively.

The decrease in the late date is due to the shortening of
the growth stages in the plants at the late date due to the high
temperatures and low humidity, especially during the
flowering period during April. This led to decreased
fertilization and the number of seeds formed, observed in
sites 1 and 2. These results agreed with Sadeghipour, Aghaei
(2012), Sikdar (2015), Getachew, Abraham (2021) and
Sandeep et al. (2023).

Seed yield variation increased significantly when different
harvest dates were used in both sites, where the seed yield
rose dramatically in the two reseatch sites at hatvest on 15/5.

This date achieved a significant superiority with the seed yield
of (55.66 and 72.26 g m?) and the seed yield decteased
significantly to below at harvest on 1/6 as the yield reached
(44.44 and 53.69 g m2); in general, we note the decrease in
seed yield in sites 1 and 2 whenever the harvest date is
delayed, and this is due to the nature of leguminous crops By
breaking the pods and falling seeds due to delayed harvest
dates and thus low yield (Saini; Thakur, 2014; Rahman; Akter,
2015). The delay of harvesting until the seed moisture
reached (12%) led to an increase in seed loss and the number
of broken seeds, and the longer the harvest was delayed in
reducing moisture, the higher the seed loss due to
disintegration. The delay in the harvesting process causes the
pods to dry out, increasing their fission, thus increasing seed
loss and reducing yield.

The seed yield varied considerably at the two
experimental sites, with different seeding rates at the two
experiment sites. The seed yield significantly exceeded when
using the third seeding rate, and the average was (53.43 and
69.65 ¢ m?) for sites 1 and 2, respectively. The seed yield
decreased significantly with the decrease in the first seeding
rate (46.98 and 56.00 g m2); the cause of the yield increase in
high seeding rates is attributed thanks to the rise in the
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number of plants, which made up for the drop in the number
of pods. High Seeder, these results agreed with Gan et al.
(2012), Ray et al. (2017) and Choudhary et al. (2022).

3.8. Biological yield (ton ha?)

The variation of planting dates (autumn and spring) led
to significant variation in the biological yield in both sites
(Table 8). The biological yield decreased significantly when
the planting date was delayed. The spring date gave the lowest
significant biological yield, decreasing to 1.03 and 1.05 tons

Table 7. Effect of some agricultural operations on seed yield (g m2).
Table 7. Effect of some agricultural operations on seed yield (g m2).

ha-l.

In comparison, the biological yield exceeded significantly
on the first date and recorded (1.72 and 1.81 ton ha'!) for sites
1 and 2, respectively; the decrease in biological yield in the
spring date is due to the small growth period during this
season compared to the autumn season, which led to a
reduction in net photosynthesis and thus a decrease in
biological yield per unit area. These results, in their entirety,
agreed with Sadeghip; Aghaei (2012), Sikdar (2015),
Getachew; Abraham (2021) and Sandeep et al. (2023).

Seed rate

Planting dates Harvest time

Planting dates * Hatvest time

75 plants m2

100 plants m-2

150 plants m-2

Site 1
Autumn 15/5 65.33 ab 71.02 ab 75.58 a 72.15a
1/6 53.94 ¢ 56.57 be 59.34 b 56.95b
Spring 15/5 37.65cd 3911 cd 45.24 b-d 40.68 ¢
1/6 30.98 e 3222 de 33.54 de 32.95d
Seed rate averages 46.98 ¢ 49.73 b 53.43 a
Planting dates * Seed rate Planting dates average
Autumn 59.68 b 65.25 ab 68.57 a 63.63 a
Spting 35.41d 36.25 cd 39.52 ¢ 36.46 b
Harvest time * Seed rate Harvest time average
15/5 60.36 ab 66.25a 6741 a 55.66 a
1/6 35.44d 35.95d 3752 ¢ 4444 b
Site 2
Autumn 15/5 80.87 be 91.35b 107.36 a 93.25a
1/6 61.67 ¢ 70.22 d 83.65 be 72.51b
Spring 15/5 4794 £ 55.54 of 50.47 of 52.69 ¢
1/6 3352¢ 3598 ¢ 3710 g 35.84d
Seed rate averages 56.00 ¢ 63.27b 69.65 a
Planting dates * Seed rate Planting dates average
Autumn 71.69 ¢ 80.67 b 95.86 a 82.52a
Spting 40.95 e 45.67 d 44.69 de 43.43 b
Harvest time * Seed rate Harvest time average
15/5 64.95 b 73.69 ab 78.25 a 72.26 a
1/6 4795 ¢ 53.98 ¢ 60.24 b 53.69 b

Table 8. Effect of some agricultural operations of seed biological (tons ha'').
Tabela 8. Efeito de algumas operagdes agricolas de sementes bioldgicas (toneladas ha!).

Planting dates Harvest time 75 plants m? 1 O(S))(;elirf?stin'z 150 plants m=2 Planting dates * Hatvest time
Site 1
Autumn 15/5 1.75 ab 1.87 a 2.01a 1.86a
1/6 1.42b 1.55b 1.66 ab 1.52b
Spring 15/5 1.06 cd 1.24 ¢ 1.32 be 1.14 ¢
1/6 0.75 e 0.85 de 0.95d 0.86d
Seed rate averages 1.25 ¢ 1.385 b 1.49 a
Planting dates * Seed rate Planting dates average
Autumn 1.57 b 1.75 ab 1.84a 1.72 a
Spring 0.86d 1.05 ¢ 1.15¢ 1.03 b
Harvest time * Seed rate Harvest time average
15/5 1.37 ab 1.56 a 1.64 a 1.552a
1/6 1.09 ¢ 1.24b 1.34 ab 1.20 b
Site 2
Autumn 15/5 1.85b 220 a 221a 210 a
1/6 1.35cd 146 ¢ 1.75b 1.54 b
Spring 15/5 1.06 of 1.16 de 1.25d 117 ¢
1/6 0.88 ¢ 0.95f 0.94 £ 0.94d
Seed rate averages 1.29 b 1.45 ab 1.54 a
Planting dates * Seed rate Planting dates average
Autumn 1.53 b 1.87 ab 1.95a 1.81a
Spring 0.96d 1.09 ¢ 1.10 ¢ 1.05b
Harvest time * Seed rate Harvest time average
15/5 1.63 ab 1.72a 1.75a 1.63 a
1/6 1.05 ¢ 1.19 be 1.36 b 1.23 b
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The results of the harvest dates (15/5 and 1/6) showed
significant differences in this characteristic in the two sites; in
site 1, the biological yield increased significantly at harvest
with all eatly dates and recorded a biological yield of (1.55
and 1.63 tons ha'). The late hatvest dates 1/6 led to a
decrease in the biological yield to (1.20 and 1.23 tons ha'!) for
sites 1 and 2, respectively. The result aligned with Saini and
Thakur (2014) and Rahman; Akter (2015). Through the effect
of seeding rates on this trait, It was observed that there was
a steady, notable rise in the biological yield by increasing the
seeding rates and a significant superiority of the biological
yield was recorded when planting 150 plants m? and the rate
reached (1.49 and 1.54 tons ha'l). In comparison, the
biological yield decreased significantly in the low seeding
rates of 75 plants m? and the lowest significant biological
yield was recorded (1.25 and 1.29 tons ha'!) for the two sites,
respectively; the cause of the rise in biological yield observed
with the increase the rise in the number of plants per unit
area is the cause of the variation in seeding rates. Therefore,
the dry matter yield will increase. These results show
consistency with those of Ray et al. (2017) and Choudhary et
al. (2022).

Most bilateral and triple interventions, especially those
with an autumnal planting date and a hatrvest date of 5/15
and when planting 150 plants m? recorded significant
superiority compared to other interventions for both sites.

4. DISCUSSION

The reason for the superiority of the autumn date in
characteristics compared to the spring date may be due to the
length of the crop’s growth period (3 months) and the
availability of appropriate environmental conditions of
temperature, humidity, lighting, etc. during the vegetative
growth period, and each stage of the crop’s growth achieved
its needs better. Especially plant elongation, providing
sufficient time for plant growth, increasing net
photosynthesis to provide plants with food, and increasing
the percentage of sets were reflected in the traits studied in
the fall date. In contrast to the spring period, vegetative and
fruitful growth periods were shortened.

The decrease in yields in the spring period resulted from
the shortening of the growth stages in plants later. This was
also accompanied by high temperatures and low humidity,
especially during the flowering period in April, which
decreased growth characteristics, fertilization rate, and yield.
It was observed. This is clearly stated in sites 1 and 2, Sikdar
(2015) Thombre et al. (2019); based on the above, farmers
resort to fall agriculture in the absence of a competing crop
for growing chickpeas, the availability of suitable conditions,
and the absence of fear of disease or fungal infections, while
the farmer resorts to spring agriculture in the event of one or
more of the obstacles. This is like the result of Getachew;
Abraham (2021) and Sandeep et al. (2023).

The decline of most traits at the second date is an
expected result of prolonging the duration and stages of
growth due to the delay in the harvest date and the increase
in competition and respiration. The cessation or slowdown
of the photosynthesis process leads to a negative impact on
these traits. Saini and Thakur (2014), Rahman; Akter (2015).
In legumes, including the chickpea crop, a large number of
flowers are produced, but only a small number of them reach
the contract stage. From the number of flowers, it is possible
to predict seed yield early by knowing the number of flowers

produced that will be produced, the number of pods plant,
the number of seeds/pod, and the weight of the seeds if they
are. Environmental conditions are favorable, usually
occurring at the early harvest (the first date). In contrast, if
there are negative changes in environmental conditions, this
leads to a decrease in yield when the harvest is delayed, which
happened on the second date ISLAM et al.,, (2010). The
nature of the factors used in the study by appointment may
have an additional role in reducing or increasing the
fertilization rate. In any case, the number of seeds increases
indicates a high fertilization rate and vice versa Enaiat and
Sharafizadeh (2013). Delaying harvest until the seed moisture
reached (12%) led to increased seed loss and the number of
broken seeds. The more the harvest was delayed, reducing
the moisture, the more seed loss increased because of
overcooking. Delaying the harvesting process causes the
pods to dry out and increase their splitting, thus increasing
seed loss and lower yields.

The superior seed rates (150 plants m=2) in vegetative
traits (plant height, number of branches, and lowest pod) may
be due to shading caused by crowding between plants. Thus,
auxin is activated in shady places, which encourages cell
division. Thus, these traits increase to obtain the largest
amount of lighting and other growth elements in the soil.

Perhaps the largest number of branches indicates the
superiority of the seed rates used for each site in receiving the
appropriate amount of lighting and stimulating the largest
number of buds to produce plant branches. The result agreed
with Islam et al. (2010) and Cokkizg (2012). This was
reflected positively by compensating for the decreased
number of pods plant’!, and the number of seeds pod!
occurred at high seeding rates and led to an increase in seed
and biological yields. These results agreed with Gan et al.
(2012), Ray et al. (2017) and Choudhary et al. (2022). The
biological yield increased with the increase in seed rates due
to the increase in the number of plants and, thus, an increase
in the dry matter yield. These results are consistent with the
findings of Ray et al. (2017) and Choudhary et al. (2022).

The characteristics of the yield components behaved
opposite to the vegetative traits. Low seeding rates gave these
traits an advantage due to better availability of needs at low
seeding rates compared to high rates. Thus, there was
reduced competition between plants for nutrients per unit
area; thus, plants took the largest amount of nutrients. At a
seed rate of 75 plants compared to other rates, these results
agreed with the findings of Gan et al. (2012) and Choudhary
et al. (2022).

5. CONCLUSIONS

The autumn planting of the chickpea crop is morally
superior to the spring planting. Still, the spring planting of
this crop is preferred in the event of an emergency
circumstance such as (a short growing season, injury, lack of
moisture, or because of global warming) in this loop, it is
possible to obtain a good yield. However, it is relatively low
compared to the autumn loop.

Harvest dates have a clear impact, especially when
hatvesting eatly, 15/5, which had an advantage and reflected
positively on most chickpea characteristics. This closely
correlates with the seeding rates used, where the effect of
seeding rates varied according to the studied characteristic.
All of this helps improve the productivity of chickpeas.
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