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AN experiment conducted on the guar crop had three main objectives. Choosing the
ideal time to sow, determining the appropriate plant density, and examining the effects
of various planting dates and plant densities on the yield and yield-related factors of various
guar varieties. The field experiment was conducted at the Agricultural Research Station in
Bahawalpur in 2019 and 2020. Two guar genotypes (BR-2017 and S-6384) were used in a split-
split plot design with three replications to evaluate the three plant densities (D1: 15, D2: 25, and
D3: 40 plants/m?) and six planting dates (from 1* May to 15" July).

The results showed that the early sowing dates (1% May to 1% June) improved the plant
height, pod length, clusters per plant, number of pods per cluster, grain per pod, and seed yield.
The late planting dates (15" June to 15" July) produced the lowest values of these attributes.
The results showed that the yield was not affected by the plant density, but other morphological
traits were varied. The study found a significant difference in the yield between the two guar
varieties at all the sowing times and plant densities tested. In 2019, BR-2017 had the best yield,
and S-6384 had the best yield in 2020.

It is concluded that farmers in Pakistan should sow their guar crop between the 1% of May
to the 1% of June. It is important to note that plant density has a marginal effect on yield. In two

years, both guar genotypes performed admirably.
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Introduction

Guar, also known as cluster bean, is an annual
legume crop grown primarily in arid and semi-arid
regions that grows quickly and uses few inputs
(Ashraf et al., 2002). As a significant economic
crop, guar is grown for animal feed as fodder, its
green pods are consumed as a vegetable, and its
gum is used in a wide range of industries (Abidi
et al., 2015; Gresta et al., 2017). In Pakistan’s arid
and semi-arid regions, where the lack of water
prevents the cultivation of other warm-season
crops, guar is a drought-tolerant crop that is only
grown there (Meftahizade et al., 2017). (Gresta

et al.,, 2018) found that the growth time (from
planting to harvesting) varied from 90 to 150 days
depending on the genotype and environmental
conditions. The height of the plants ranged from
30cm to 2m.

Genetic and environmental interactions are
the most important components in determining
crop yield, but other agronomic factors also play
a role. Other agronomic parameters, including
the planting date and the seed rate for sowing,
also affect the crop yield. Because of fluctuations
in the weather, choosing the right time to plant
seeds is essential to maximizing crop production
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(Gresta et al., 2013). It has also been discovered
through a variety of experiments that early sowing
of crops results in a higher yield compared to
late sowing. This is due to the fact that early
sown crops have more time to finish each phase
using the available nutrients (both vegetative and
reproductive), resulting in maximum production
(Kiss etal., 2018; Korotaeva et al., 2018; de Souza
et al., 2018). Because the phenological stages of
the crop and the amount of time available for
growth are both influenced by the sowing date, it
is essential to determine the best sowing date for
a given crop by taking into account a variety of
environmental factors. This is because the sowing
date influences the length of the growing season
(Srivastava et al., 2016; Meftahizade et al., 2019a,
b).

It has been observed by various scientists that
the optimal time for planting varies from region
to region and depends on the genotypes being
tested as well as the local climate. According
to the findings of studies carried out in the
Mediterranean region, the optimal time to plant
seeds for maximum yield is around the middle of
May. (Gresta et al., 2013). The timing of planting
and the seed rate are two factors that influence
not only the crop stand establishment in the field
but also the potential yield (Deka et al., 2015).
The optimal time to sow guar can be anywhere
between May and June. In addition to this, early
sowing results in a notable increase in grain weight
in comparison to later sowing (Mahdipour-Afra et
al., 2021). According to the findings of Kalyani
& Sunitha (2011), when compared to other
sowing dates (the first and second fortnights of
the months of July and August), the first fortnight
of July performed noticeably better than the other
sowing dates. In addition, Nandini et al. (2017)
reported that the planting date of the 10" of July
had resulted in a greater number of pods per plant
and grain per pod than any early or late planting
date. The evaluation of 22 different guar genotypes
also revealed that the gum content varied slightly
(from 28.47 percent to 32.89 percent) depending
on the ecotype but was not affected by the climate.
Additionally, planting during the first two weeks
of July resulted in a significantly higher crude
gum content than planting at a later date (Kalyani
& Sunitha et al., 2011). Furthermore, the optimal
plant density with the appropriate geometry of
plant depends on the variety, growth habits, and
agro-climatic conditions. Lone et al. (2010) and
Siddaraju et al. (2010) did research on guar and
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found that out of three plant spacings (45 x 15, 45
x 30, and 60 x 30cm), the 45 x 15cm plant spacing
produced the most grain.

The timing of when the seeds are planted has
a significant influence on the yield of guar. As a
result of the changes in climate, choosing the right
date to start sowing is essential if one wishes to
obtain a high yield. The purpose of the research
is to determine the optimal planting date as well
as the optimal plant density in order to maximize
guar production.

Materials and Methods

Site  description,  cultural  practices, and
experimental design

In the research area of the Agricultural
Research Station in Bahawalpur, which is located
in southern Punjab, Pakistan, a series of field
experiments were carried out for two consecutive
years (2019 and 2020). In the experiment, we
used two different genotypes of guar (BR-
2017 and S-6384), both of which have distinct
morphological characteristics. We investigated
the effects of three factors in this study, including
genotype, sowing date, and plant density. The
split-split plot design in RCBD is the experimental
design that was used for the experiment. The
genotype (V) in the main plot and the sowing
date (SD) were assigned to the subplot, while the
plant density (D) was assigned to the sub-sub plot
factor. Two guar genotypes (V1: BR-2017 and
V2: S-6384), three plant densities (D1: 15, D2:
25, and D3: 40 plants/m?), and six sowing dates
(SD1: May 3, SD2: May 18, SD3: June 1, SD4:
June 15, SD5: July 2, SD6: July 15, 2019, SD1:
May 1, SD2: May 15, SD3: June 2, SD4: June 17,
SD5: July 1, SD6: July 15, 2020) were included.

Each plot was comprised of four rows that were
a total length of 3.9m, and the distance between
each row was kept constant at 0.3m. The nitrogen
fertilizer (150kg N ha') was applied in the form
of urea, which contains 46 percent nitrogen. The
fertilizer was applied in two divided doses: one
dose was given when the plant had four leaves,
and the other dose was given when the pods were
forming. In contrast to the absence of a significant
pest epidemic on the plants, disease epidemics
have been observed and sprayed with fungicides
in accordance with recommendations in order
to control the disease throughout both growing
seasons. Manual weeding was used to keep the
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weed population under control, and the field was
irrigated three times at three different stages of
growth. The first irrigation was at the four-leaf
stage, the second irrigation was at the flowering
stage, and the third was when there was a fifty-
percent chance of pod formation.

Morphological traits of varieties

BR-2017: BR-2017 is a variety that has been
approved and has morphological characteristics
that are unique and distinctive. It is a single-
stemmed variety (not a single branch), and the
plant height can range anywhere from 80 to
200cm. The pods are clustered and arranged
in clusters in such a way that there is no space
between clusters. This variety has the potential
to bear pods all the way up to the tip of the stem.
After 30-35 days from the time of planting, the
plant will begin to flower, and it will reach full
maturity in 120-130 days. This variety produces
pods that are 4-6cm in length and contain 6-9
seeds each.

S-6384: In comparison to BR-2017, the
advanced line known as S-6384 possesses
distinctively distinct morphological
characteristics. The typical plant will reach
a height of 60 to 120cm and will have 5 to 8
branches. The fact that it is a line that matures
quickly is one of its distinguishing characteristics
(90-100 days). After 25-30 days from the time
of planting, flowers will begin to appear. It has
a pod length that is about average (4-5cm), and
each pod contains between 6 and 8 seeds. It has
clusters on all of its branches, but there are spaces
in between each of the clusters.

Morphological data

Daily observations revealed the onset of
flowering as well as physiologic maturation.
The number of days from sowing to flowering,
50%, and the number of days until physiological
maturity, 80%, (the pods turning brown is a
sign that the plant has reached its physiological
maturity) were both recorded. At the point in time
when the plants had reached their physiological
maturity, ten plants were chosen at random from
each plot. The height of the plants (measured
from the bottom to the top) and the length of the
pod, in cm, were both recorded.

Yield and yield contributing data
During the physiological maturation process,
data was recorded from ten plants that were

chosen at random. The characteristics that
contribute to yield were recorded from randomly
selected plants. These characteristics include the
number of clusters per plant, the number of pods
per cluster, and the number of seeds per pod. After
harvesting, threshing, wind pumping, and finally
weighing each plot, we were able to calculate the
seed yield per plot in kilograms.

Statistical analysis

The main plot (genotype), the sub-plot (sowing
date), and the sub-sub plot (plant density), as well
as the effect of interaction with experimental
factors, were all calculated by using analysis of
variance (ANOVA) with split-split plots analysis
with Statistix 10 software. Before beginning
the analysis of variance, a univariate procedure
was carried out in order to guarantee that the
residuals would have a normal distribution. The
test of least significant difference (LSD) was
applied at a probability level of five percent in
order to determine the mean comparisons of the
characteristics that were measured.

Results and Discussion

The results of the analysis of variance showed
that the effect of the interaction of planting date
with plant density was significant in both study
years for plant height, pod length, clusters per
plant, pods per cluster, and seed yield. On the
other hand, the number of flowering days up to
50 percent, the number of days until maturation,
and the number of grains in the pods showed a
significant relationship in the second year of the
study, which was in the year 2020. The sowing
dates and plant densities for both years were
significant for all traits, with the exception of
the maturity date, the number of pods per cluster
in 2019, and the seed yield in 2020. Also, in the
first year of 2019, the effect of the three-way
interaction between cultivar, sowing date, and
plant density was significant for all traits except
pod length and the number of clusters each plant
made (Tables 1, 2).

Morphological parameters

It is widely accepted that the height of a plant
plays a significant role in determining the degree
to which genetic and environmental factors
influence the plant’s ability to successfully
compete for solar radiation (Ncube et al.,
2012). The results of the comparison showed
that planting seeds on May 3, 2019, and June
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2, 2020, resulted in the tallest plants. However,
plant height decreased as planting was delayed in
2019. In the second year, 2020, it was found that
there were significant differences between plant
densities of 15, 25, and 40 plants/m? whereas
in the first year, 2019, there was found to be no
significant difference between plant densities of
25 and 40 plants/m?. In contrast to the branched

variety S-6384, the unbranched BR-2017 variety
has the genetic potential to achieve the maximum
plant height in every single growing season
(Table 3). Previous research (Mahdipour-Afra
et al., 2021; Honnaiah et al., 2021) showed that
when late sowing and higher plant density were
used together, plant height decreased by a large
amount.

TABLE 1. Analysis of variance on morphological traits affected by sowing date, plant density and variety in 2019

and 2020

SOV Plant height Days to 50% flowering Days to maturity Pod length

Df 2019 2020 2019 2020 2019 2020 2019 2020
R 2

1 19.1%%  533.70**  402.87** 2.59% 183.64%*%  6302.5*%*  7.05*  8161.1**

SD 5 4131%F  197.89%*  26.73** 113.01%* 55.27%* 394.17%*%  4.74% 43.48%*
VxSD 5 0.91ns 32.10%* 29.17*%%  243.34%%* 3.31%* 29.49%* 1.99* 10.81%*
D 2 4.25%*  440.95%* 2.16* 33.78** 0.25ns 22525%%  433* 6.44%*
VxD 2 1.37* 37.56%* 0.17ns 13.49%* 2.49% 25.25%%* 0.79ns  15.78**
SDxD 10 1.70%* 37.36%* 0.59ns 33.09%* 0.94ns 13.58%%* 1.88* 12.04%*
VxSDxD 10 1.31% 9.32%* 1.13%* 50.01** 34.21%* 14.57** 0.37ns 7.97*
Error 48
CV (%) 4.72 4.92 1.51 1.76 0.88 1.56 4.62 5.95

* ** and ns indicate significant at the P< 0.05, 0.01 levels and not significant, respectively.

R: replication, SD: sowing date, D: density, V: variety

TABLE 2. Analysis of variance on seed yield and yield contributing traits affected by sowing date, plant density
and variety in 2019 and 2020

Clusters/plant Pods/cluster Grains/pod Seed yield

SOV Df 2019 2020 2019 2020 2019 2020 2019 2020
R 2

1 11.19*¥*  0.79ns 4.71% 83.77¥*  22.13%¥*  1824.27%* 1.85% 266.39%*
SD 5 2.55%  22.37%%  1.22% 3.69% 10.54%* 209.26%*%  27.44%* 16.24%*
VxSD 5 3.72%  92.94%*  1.65% 3.14* 9.71%* 217.49%* 0.59ns 2.43%*
D 2 7.79*  12.81**  0.44ns 5.18% 1.58* 190.65%* 1.97* 0.42ns
VxD 2 5.32% 5.72% 231% 3.38% 1.51* 221.69%* 0.26ns 14.82%%*
SDx D 10 2.02% 5.96* 1.04* 1.41* 0.73ns 116.23** 1.04* 24.76%*
VxSDxD 10 0.34ns 4.68* 2.31% 3.60%* 1.05* 150.82%* 2.14* 5.05%
Error 48
CV (%) 19.88 10.01 13.48 13.58 3.93 3.28 0.97 7.27

* ** and ns indicate significance at p < 0.05, 0.01, and not significant, respectively.
R: replication, SD: sowing date, D: density, V: variety.
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TABLE 3. mean comparison of morphological traits affected by sowing date, plant density and variety in 2019

and 2020
Plant height Days to 50% flowering Days to maturity Pod length

Sowing date

2019 2020 2019 2020 2019 2020 2019 2020
SD1 161.0a 136.56b 49.50a 47.05b 130.28a 127.17a 5.35a 5.50a
SD2 152.1ab 102.00c 49.50a 43.33c¢ 120.56b 108.11e 4.93ab 4.44c
SD3 136.8bc 149.67a 45.55b 47.27b 121.50b 125.00b 4.52bc 4.96b
SD4 131.0c 85.28¢ 43.83¢ 42.22d 112.83c 111.39d 4.01c 4.32c
SD5 74.1d 145.72a 43.66¢ 48.88a 111.72¢ 116.89¢ 4.62bc 4.39¢
SD6 64.3d 93.22d 43.11c 43.05¢ 102.89d 103.39f 4.32bc 4.03d
Density
D1 117.6b 141.86a 46.05a 45.83a 116.67a 120.03a 4.70a 4.64a
D2 121.3a 111.22b 45.77a 45.66a 116.39a 114.86b 4.62ab 4.71a
D3 120.6a 103.14¢ 45.75a 44.41b 116.83a 111.08¢c 4.55b 4.48b
Variety
\%! 134.07a 131.56a 48.72a 45.53a 129.98a 128.20a 5.00a 5.01a
V2 105.74b 105.93b 43.00b 45.07a 103.28b 102.44b 4.25a 4.21b

Means within a column followed by the same letter do not significantly different from each other (P< 0.05; LSD test).
SD: sowing date (SD1: MAY 3, SD2: MAY 18, SD3: JUNE 1, SD4: JUNE 15, SD5: JULY 2, SD6: JULY 15 in 2019 and SD1: MAY 1,
SD2: MAY15, SD3: JUNE 2, SD4: JUNE 17, SD5: JULY 1, SD6: JULY 15 in 2020); D: density (D1: 15, D2: 25, and D3: 40 plants m-2)

and V: variety (V1: BR-2017, V2: S-6384).

Early-sown plants appear to have more time to
absorb soil moisture and nutrients, ensure proper
plant growth, use radiation more efficiently,
and develop more photosynthesis than late-
sown plants, according to the findings of the
majority of the researchers who investigated
this phenomenon (Mahdipour-Afra et al., 2021;
Hussain et al., 2022). When comparing May
sowing to June sowing, early sowing dates
produce the greatest plant height, and Gresta et
al. (2013) found similar results.The findings of
Khalil et al. (2010) and Honnaiah et al. (2021)
demonstrated that delayed sowing results in a
reduction in plant height. This is due to the fact
that the growth period of plants is affected by a
rise in temperature, photosynthetic disturbance,
reduced photosynthetic production, and the
flexibility of the stem cell wall. These factors all

contribute to a shorter growth period (Candan et
al., 2018). When compared to S-6384, the results
show that BR-2017 had a significantly higher
plant height during both years of the study as
well as throughout all of the sowing periods.
Both genetic variations and morphological
characteristics can be responsible for the
difference in plant height that can be observed
between the two varieties (Santonoceto et al.,
2019; Mahdipour-Afra et al., 2021).

There was not a significant difference in
plant density at 50% of flowering; however,
there was a significant difference in the number
of maturation days between the first year (2019)
and the second year (2020). Although both guar
varieties require the same number of days up
to fifty percent of their flowering days, S-6384
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matures in one hundred and BR-2017 matures
in one hundred thirty days, making it an early
maturing variety. BR-2017 requires 50% more
flowering days than S-6384 (Table 3). It is
widely accepted that the date of sowing is a
crucial component in the process of shifting
the plants’ seasonal stage from flowering days
to 50 percent of flowering and maturation days
(Deka et al., 2015). In the current investigation,
the differences in the phenomenological
characteristics of plants that occurred during
the sowing date treatment may be related
to genetic characteristics as well as abiotic
factors such as variations in temperature and
humidity. Variations in flowering and ripening
have also been observed in areas where cluster
beans are grown, which is because this crop
is photosensitive (Ali et al., 2004). Previous
research (Lilley et al., 2017) has shown that
planting late in the spring decreases the number
of spring canola seedlings and makes them
mature a few days before they bloom.

Yield and yield contributing characteristics
During the course of this research experiment,
it was discovered that the planting date as well
as the planting density had a significant impact
on the number of clusters that were produced
by each plant. As a direct consequence of this,
the number of clusters produced by each plant
after early seeding was greater than it was at
later sowing (Table 4). The temperature was
optimal for plant growth and development at the
beginning of the planting process, particularly
for reproductive processes such as pollination,
fertilization, and pod production. Therefore,
comparable outcomes were seen in the earlier
rounds of study tests (Akhilesh et al., 2013).
The results of this study’s experiments revealed
that early and late planting both had an effect on
the total number of pods produced by a cluster.
In the 2019 study year, significant differences
were found between the treatments administered
on May 3, 18, and June 15; in the 2020 study
year, these same differences were found between
the treatments administered on June 17, July 1,
and July 15. The results of the investigations
comparing the two years’ plant densities did not
disclose any significant variations. However,
in comparison to the branching variety S-6384,
BR-2017 produced a greater number of pods
within each cluster (Table 4). This is because it
has been shown that planting seeds early gives
plants more time to grow and better growing
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conditions. It also helps plants use water,
nutrients, and sunlight more efficiently.

Lower plant densities reduce the amount of
competition between plants and provide better
conditions for the use of moisture, nutrients,
space, and light for better plant growth. As a
result, plants produce more flowers and pods per
plant (Henry & Kackar, 2001). This is because
better growing conditions and better roots of
plants occur at the time of early sowing. On the
other hand, it has been noted that the planting of
early crops results in an increase in the number
of grains per pod due to prolonged periods of
vegetative and reproductive growth (Table 4). Ali
et al. (2004) found results that were quite similar
to these, and they indicated that early sowing
(in May) greatly boosted pod productivity in
comparison to later sowing. The timing of
planting also has an effect on seed yield, with
the best results occurring on June 3, 2019, and
May 3, 2020. There wasn’t a strong link between
crop density and seed yield, but yields went up
a lot in 2020, with S-6384 reaching its highest
point (Table 4).

Conclusion

e On the other hand, the number of flowering
days up to 50 percent, the number of days
until maturation, and the number of grains in
the pods showed a significant relationship in
the second year of the study, which was in
the year 2020.

e When compared to S-6384, the results show
that BR-2017 had a significantly higher plant
height during both years of the study as well
as throughout all of the sowing periods.

e Although both guar varieties require the
same number of days up to fifty percent
of their flowering days, S-6384 matures
in one hundred and BR-2017 matures in
one hundred thirty days, making it an early
maturing variety.

e In this study, the differences in the
phenomenological traits of plants that
happened during the sowing date treatment
may have been caused by both genetic factors
and environmental factors like changes in
temperature and humidity.
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TABLE 4. mean comparison of seed yield and yield contributing traits affected by sowing date, plant density and

variety in 2019 and 2020

Clusters/plant Pods/cluster Grains/pod Seed yield (kg/plot)
Sowing
date 2019 2020 2019 2020 2019 2020 2019 2020
SD1 30.66abc 41.33a 5.55ab 6.83a 6.72a 5.94a 3.98b 3.19a
SD2 26.55¢ 34.77b 5.72a 6.55a 5.49b 5.05¢ 3.07b 2.79b
SD3 33.00ab 32.55¢ 5.00ab 6.66a 4.67cd 5.57b 3.42a 3.07a
SD4 28.38bc 32.88bc 3.83b 6.16ab 4.47d 4.85d 3.19ab 2.48¢
SD5 33.72a 33.66bc 4.72ab 6.77a 5.34bc 4.85d 2.50c 3.17a
SD6 28.83abc 32.88bc 4.83ab 5.61b 4.69cd 4.08e 1.96d 2.76b
Density
D1 32.80a 36.72a 491a 6.66a 5.18a 5.28a 2.85a 2.88a
D2 30.52a 34.75b 4.88a 6.58a 5.23a 5.27a 2.85a 2.92a
D3 27.25b 32.58¢ 5.02a 6.05b 527a 4.61b 2.86a 2.93a
Variety
\%! 36.68a 34.94a 5.72a 7.35a 6.36a 6.13a 2.98a 2.72b
V2 23.70a 34.42a 4.16a 5.51b 4.10b 3.98b 2.73a 3.10a

Means within a column followed by the same letter do not significantly different from each other (P< 0.05; LSD test). SD: sowing date
(SD1: MAY 3, SD2: MAY 18, SD3: JUNE 1, SD4: JUNE 15, SD5: JULY 2, SD6: JULY 15 in 2019 and SD1: MAY 1, SD2: MAY 15,
SD3: JUNE 2, SD4: JUNE 17, SD5: JULY 1, SD6: JULY 15 in 2020); D: density (D1: 15, D2: 25, and D3: 40 plants m-2) and V: variety

(V1: BR-2017, V2: S-6384).
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