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Cluster bean (Cyamopsis tetragonoloba L.) yield has plateaued due to reduction in rainfall and rise in tem-
perature. Therefore, its production cycle could not get appropriate water and temperature. It becomes
important to standardize the sowing time and plant spacing of cluster beans in changing climate scenar-
ios to get higher productivity. Therefore, a field study was conducted in 2019 at the Research area of
MNS-University of Agriculture, Multan, Pakistan to evaluate the effect of four sowing times (15th May,
1st June, 15th June, and 1st July) and three plant spacings (10, 12 and 15 cm) on crop growth, yield,
and physiological functions of cluster bean genotype BR-2017 under split plot arrangement under ran-
domized complete block design (RCBD) with three replications. The sowing times (15th May, 1st June,
15th June, and 1st July) were placed in the main plot, while plant spacing (10, 12 and 15 cm) was main-
tained in subplots. The significant effect of sowing time and plant spacing was observed on pod plant�1,
pod length, grain yield, and 1000-grain weight. Results showed that 1st June sowing performed better
over 15th May, 15th June, and 1st July, while plant spacing 15 cm about in all sowing times showed
higher results on growth and yield parameters of cluster bean over plant spacing 10, 12, and 15 cm.
The 1st June sowing time at 15 cm plant spacing showed 8.0, 22.7, and 28.5% higher grains pod-1 than
15th May, 15th June, and 1st July sowing, respectively. Maximum grain yield was observed on 1st
June in all three spacings (10, 12, and 15 cm). The chord diagram indicates that the crop has received opti-
mum environmental conditions when sown 1st June over other sowing times. In conclusion, 1st June
sowing with 15 cm plant spacing could be a good option to achieve maximum productivity of cluster
bean under changing climate scenario.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Cluster bean (Cyamopsis tetragonoloba L.) is mainly grown in
arid and semi-arid areas of India, Pakistan, South Africa and United
States (Ashraf and Iram, 2005; Punia et al., 2009a). Cluster bean
pods are used as a vegetable. Galactomannans is a polysaccharide
that is extracted from guar and known as guar gum (Sabahelkheir
et al., 2012). Grain of cluster bean is made of germ (41–46%), endo-
sperm (34–43%) and hull (13–18%) (Srivastava et al., 2011). In
addition, cluster bean is grown as a green manuring crop in differ-
ent parts of the world. The husk of cluster bean is used for cattle
feed because it contains high protein contents (Rai and
Dharmatti, 2013). Cluster bean is also a good source of fats, pro-
teins, phosphorous, calcium, and mineral salts (Kumar and
Rodge, 2012; Kumar and Ram, 2018). Cluster bean is a leguminous
crop that helps in the fixation of atmospheric nitrogen that con-
tributes towards soil fertility (Rai and Dharmatti, 2013).

Sowing time and planting geometry play an important role in
the production of cluster bean (Punia et al., 2009b). Sowing time
affects the whole plant growth cycle (Luqman et al., 2020), includ-
ing seed germination, seedling emergence, vegetative plant
growth, flowering, pod formation, grain filling, and crop maturity.
When crop is sown early, plants make its vegetative phase pro-
longed compared to reproductive phase depending upon atmo-
spheric temperature and rainfall of area (Ayaz et al., 2004). But
when the crop is sown late, flowering comes earlier and plants
could not complete their normal vegetative phase (Ali et al.,
2004). The increase in temperature accelerates the phenological
cycle of plants (Laghari et al., 2021), leading to a decline in crop
yield of crop (Zimmermann et al., 2017). Therefore, cluster bean
production is directly related to the annual rainfall, temperature
and humidity of area (Meena et al., 2014). Sowing time plays a vital
role in increasing or decreasing crop yield (Meena and Meena,
2015). Hussain et al. (2004) found that germination of mung bean
crop was affected due to early sowing because of unfavorable envi-
ronmental conditions during the crop cycle. Different sowing times
are practiced in different parts of the world. The months of May
and August are considered the best sowing time for yield purpose
in Pakistan, while in the Mediterranean environment of Italy, mid-
May is considered most beneficial to obtain a higher yield (Gresta
et al., 2013). In the southwest of United States sowing is conduct-
ing between May to early June (Tripp et al., 2011). In the study of
Meena et al. (2018), late sowing of cluster bean after 15th July
caused the reduction in seed, straw, and biological yields compared
to before 15th July sowing.

In addition, sowing time, planting density is also important in
the production of cluster bean. Improper planting geometry of
crops increases space, water, nutrients, and light competition
among plants, increases weed density and creates hurdles in cul-
tural practices. Due to wider spacing, the low plant population
causes low yield and ultimately an economic loss to the farmers.
Moreover, Intra crop competition enhanced due to variation in
plant spacing (Sudarma et al., 2015). Experiments on plant and
row spacing in the different soil and environmental conditions
showed higher crop yield was achieved by maintaining proper
planting density (Acikgoz et al., 2009). Stem length, and biomass
and portion in the study of Blumenthal et al. (2005) are increased
by increasing the plant spacing (Ball et al., 2000). Kumar and Ram
(2018) found that cluster bean grown at 70 cm plant spacing
showed higher yield than one grown on 75 and 100 cm spacing.

In another study of Choy et al. (2015), lower plant spacing
showed higher branches, leaves and plant height than wider
branches. Blumenthal et al. (2005) found maximum productivity
of Indian bean with planting geometry 45 � 20 cm. Dhedhi et al.
(2016) carried out an experiment in India to evaluate the response
of various sowing times and planting density on cluster bean yield.
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The findings showed that sowing time (1st July) and planting den-
sity 30 � 10 cm achieved the maximum cluster bean yield com-
pared to other sowing times. In the controversy of sowing time
and planting spacing, it becomes important to standardize the
sowing time and plant spacing in changing climate scenarios.
Therefore, this study was planned with main objective to optimize
the sowing time and planting spacing in Multan, Pakistan to
achieve maximum productivity of cluster bean.
2. Materials and methods

Experimental Site: The experiment was carried out in the Agro-
nomic Research Station of MNS-University of Agriculture, Multan,
Pakistan, located at 32.14 oN latitude and 73.65 oE longitude during
the Kharif summer season 2019. A field experiment was layout in
arid climatic conditions (Fig. 1). Soil texture was loamy which con-
tains pHs (8.2) (McLean, 1982) organic matter (0.50%) (Nelson and
Sommers, 1982), ECe (2.45 dS m�1) (Rhoades, 1996), exchangeable
potassium (215 mg kg�1) (Pratt, 1965) and available phosphorus
(7.15 mg kg�1) (Kuo, 1996) (Table 1).

Treatments: The treatments of this study include four sowing
times (15th May, 1st June, 15th June and 1st July), and variety
(BR-2017), and three plant spacings (10, 12.5 and 15 cm). The sow-
ing times were taken in the main plot, while in the subplot, plant
spacing was maintained.

Field Experiment: Seedbed was set up by developing the field
for 3–4 times with farm tractor mounted cultivar each followed
by planking. The beds were set up by utilizing a bed shaper. Soak-
ing irrigation was applied seven days before planting of cluster
bean seed to keep the exploratory land soft and moist to get ready
root and seedbed. The treatments were applied according to split-
plot arrangement RCBD design. Cluster bean variety BR-2017 was
sown in 2nd week of May using seed rate 20 kg ha�1 on beds.
The plant � plant and row � row spacing of 10, 12 and 15 cm were
maintained, respectively. Thinning of the crop was done 25 days
after sowing (DAS) to maintain the plant population as per treat-
ments. The recommended dose of NPK fertilizers for cluster bean
(20, 40 and 20 kg ha�1) were applied. All Phosphorus was applied
at sowing, while Nitrogen was applied at sowing and flowering
stages. Sources of fertilizers used were urea (46 % N), di-
ammonium phosphate (18 % N: 46% P2O5) and SOP (50% K2O). first
irrigation was applied 3 days after sowing and 2nd irrigation was
applied 10 days after first irrigation. Crop was harvested carried
out manually. Weeds were controlled manually as well as the
use of weedicides. Cluster bean harvesting was done when more
than 80% of pods were matured. Harvesting was done at 120 days
in all the sowing times.

Data Collection: Leaf area was measured at 30, 45, 60,75,90 and
105 DAS at time of harvesting for five plants using Portable leaf
area meter (ICT International, CI-202). Leaf area index was find
out by using equation (Watson, 1952).

LeafAreaIndexðLAIÞ ¼ Leafareaperplant
Landareaperplant

At harvesting, the plant height, number of clusters per plant,
pod length, pods per cluster and grains pod-1 of five randomly
selected plants from each plot. Grain yield was obtained from the
collected pods from each plot. Based on the net plot yield obtained
from all the harvested pods, yield per hectare was found. Subsam-
ples of 100 grains were obtained from five plants of each plot ran-
domly chosen. On an electronic balance (KERN, ALJ-310–4 N) these
samples were weighed. SPAD-502 (Spectrum Technolo-
gies:2900PDL) was used to take the leaf chlorophyll content at
90 DAS. Photosynthetic rate and transpiration rate data were taken
using infrared gas analyzer [CID Bio-Science, CI-340].



Fig. 1. The daily minimum, maximum and average temperature and rainfall in Multan, Pakistan during the year 2019. The dotted lines are showing the duration of the cluster
bean crop.

Table 1
Soil properties of experimental site, Multan, Pakistan during 2019.

Depth ECe
(dS m�1)

pHs Organic
Matter
(%)

Available
Nitrogen
(mg kg�1)

Available
Phosphorus
(mg kg�1)

Available
Potassium
(mg kg�1)

Texture

0–15 cm 2.45 8.2 0.50 100 7.15 215 Sandy loam
15–30 cm 2.54 8.00 0.46 50 5.46 180
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Statistical Analysis: Growth, yield and physiological parame-
ters were statistically analyzed by using linear model in R software
(R_Core_Team, 2020). The means were compared at p � 0.05 using
adjusted Tukey multiple comparison procedure with ‘‘emmeans”
package (Lenth, 2017; Steel et al., 1997). Chord diagrams were
made, and Pearson correlation was done using origin 2021 to
assess the average impact of each treatment factor on collected
data. Probability values bar graphs were also made by using Origin
2021 (OriginLab Corporation, 2021).

3. Results

Pods Plant�1 and Pod Length: The main effect of sowing time
and plant spacing was statistically significant at p < 0.05, however,
Table 2
P value of main and interaction effect of sowing time and plant spacing on growth, yield

Effect Pods
Plant�1

Pod
length

Cluster
Plant�1

Plant
height

Pods
cluster-1

E

Sowing time (S) <0.01 <0.01 <0.01 <0.01 <0.01 0.
Plant Spacing (P) 0.01 0.01 0.02 <0.01 0.09 0.
S � P 0.29 0.77 0.84 <0.01 0.81 0.
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the interaction effect of sowing and plant spacing was non-
significant on pods plant�1 (Table 2).

First June sowing time performed better on pods plant�1 than
other sowing times (15th May, 15th June and 1st July) (Table 3).
The wider plant spacing 15 cm showed a higher response on pods
per plant in all sowing times than 10 and 12 cm. In 15th May, plant
spacing 15 cm showed 30.2 and 12.6% as compared to 10 and
12 cm, respectively (Table 3; Fig. 2A). In 1st June, plant spacing
15 cm showed 26.1 and 37.6% as compared to 10 and 12 cm
respectively (Table 3). In 15th June, plant spacing 15 cm showed
26.6 and 25.4% as compared to 10 and 12 cm, respectively (Table 3).
In 1st July, planting density 15 cm showed 27.5 and 37.8% as com-
pared to 10 and 12 cm respectively (Table 3). The main effect of
sowing time and plant spacing was statistically significant at
and physiological parameters of cluster bean.

Pn Leaf Area
Index

Chlorophyll
contents

Grain
yield

100-grain
weight

Grains
pod-1

23 0.02 <0.01 <0.01 <0.01 <0.01 <0.01
09 0.37 <0.01 0.08 <0.01 <0.01 0.25
22 0.22 <0.01 0.16 <0.01 0.36 0.59



Table 3
Impact of sowing time and intra rowing spacing on pods plant�1 and pod length of cluster bean.

Plant Spacing (cm) Pods plant�1 Pod length (cm)

Sowing times Sowing times

15th May 1st June 15th June 1st July 15th May 1st June 15th June 1st July

10 281.0 ± 11.0a 371.6 ± 69.2a 109.6 ± 14.5a 40.0 ± 3.46a 4.7.0 ± 0.6a 6.5 ± 0.5a 5.3 ± 0.3a 4.5 ± 0.2a
12 325.0 ± 17.0b 340.6 ± 123.5a 110.3 ± 15.7 a 37.6 ± 3.79a 5.0 ± 0.7ab 6.8 ± 0.6a 5.3 ± 0.2a 4.5 ± 0.3a
15 366.3 ± 14.0c 468.6 ± 36.9a 138.0 ± 5.2a 51.0 ± 10.82a 5.2.0 ± 0.87b 7.1 ± 1.01a 5.7 ± 0.3b 4.6 ± 0.4a

The values are the mean and standard deviation of three replications. Within plant spacing, the values with the same letter (s) are statistically non-significant at p < 0.05.

Fig. 2. Impact of sowing times and intra row spacing on pod plant�1 (A) and pod length (B) of cluster bean. The values are the mean of three replication. The error bars
represent the standard error (n = 3). Within sowing time, the values are p values computed by Tukey test at p < 0.05.
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p < 0.05, however, the interaction effect of sowing and plant spac-
ing was non-significant on pod length (Table 2). First June sowing
time showed better on pod length than other sowing times (15th
May, 15th June and 1st July). The wider plant spacing 15 cm
showed a higher response on pod length in all sowing times than
10 and 12 cm (Fig. 2B). In 15th May, plant spacing 15 cm showed
10.6 and 4% as compared to 10 and 12 cm, respectively (Table 3). In
1st June, plant spacing 15 cm showed 9.2 and 4.4% as compared to
10 and 12 cm respectively (Table 2). In 15th June, plant spacing
15 cm showed 7.5 and 7.5% as compared to 10 and 12 cm, respec-
tively (Table 3). In 1st July, plant spacing 15 cm showed 2.2 and
2.2% as compared to 10 and 12 cm respectively. Pearson correlation
showed that pods plant�1 and pod length were significantly posi-
tive in correlation with pods cluster-1, leaf area index, chlorophyll
contents, grains yield, 100 grains weight, plant height, grains pod-1,
cluster plant�1 and days to maturity of cluster bean (Fig. 9).

Cluster Plant�1: The main effect of sowing time and plant spac-
ing was statistically significant at p < 0.05, however, interaction
effect of sowing and plant spacing was non-significant on cluster
plant�1 (Table 2). First June sowing time performed better on clus-
ters plant�1 than other sowing times (15th May, 15th June and 1st
July) (Table 4). The wider plant spacing 15 cm showed a higher
response on clusters per plant in all sowing times than 10 and
12 cm (Fig. 3). In 15th May, plant spacing 15 cm showed 6.5 and
1.8% compared to 10 and 12 cm, respectively (Table 4). In 1st June,
plant spacing 15 cm showed 6.2 and 2.2% as compared to 10 and
12 cm respectively (Table 4). In 15th June, plant spacing 15 cm
showed 6.9 and 2% as compared to 10 and 12 cm, respectively
(Table 4). In 1st July, planting density 15 cm showed 15.1 and
15.1% as compared to 10 and 12 cm respectively (Table 4). Pearson
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correlation showed that cluster plant�1 was significantly positive
in correlation with pods cluster-1, leaf area index, chlorophyll con-
tents, grains yield, 100 grains weight, plant height, grains pod-1,
days to maturity, pods plant�1 and pod length of cluster bean
(Fig. 9).

Plant Height and Pods Cluster-1: The main and interaction
effect of sowing time and plant spacing was significant at
p < 0.05 on plant height (Table 2). First June sowing time per-
formed better on plant height than other sowing times (15th
May, 15th June and 1st July) (Table 5). The wider plant spacing
15 cm showed a higher response on plant height in all sowing
times than 10 and 12 cm (Fig. 4A). In 15th May, plant spacing
15 cm showed 5.6 and 2.7% compared to 10 and 12 cm, respec-
tively (Table 5). In 1st June, plant spacing 15 cm showed 10.6
and 3.9% compared to 10 and 12 cm respectively (Table 5). In
15th June, plant spacing 15 cm showed 3.6 and 3.6% compared to
10 and 12 cm, respectively (Table 5). In 1st July, planting density
15 cm showed 3.4 and 0.8% compared to 10 and 12 cm respectively
(Table 5). The main effect of sowing time and plant spacing was
statistically significant at p < 0.05, however, the interaction effect
of sowing and plant spacing was non-significant on pods cluster-
1 (Table 2). First June sowing time showed a better effect on pods
per cluster than other sowing times (15th May, 15th June and
1st July). The wider plant spacing 15 cm showed a higher response
on pods per cluster in all sowing times than 10 and 12 cm (Fig. 4B).
In 15th May, plant spacing 15 cm showed 9.5 and 4.5% compared
to 10 and 12 cm, respectively (Table 5). In 1st June, plant spacing
15 cm showed 4.5 and 0% compared to 10 and 12 cm respectively
(Table 5). In 15th June, plant spacing 15 cm showed 18.4 and 23.2%
compared to 10 and 12 cm respectively (Table 5). In 1st July, plant



Table 4
Impact of sowing time and intra row spacing on cluster plant�1 of cluster bean.

Plant Spacing (cm) Clusters plant�1

Sowing times

15th May 1st June 15th June 1st July

10 15.3 ± 0.5a 16.67 ± 1.5a 14.3 ± 0.6a 6.67 ± 0.5a
12 16.0 ± 10.0ab 18.0 ± 20.0a 15.0 ± 0.01ab 6.67 ± 0.5a
15 16.3 ± 0.5b 17.6 ± 2.1a 15.3 ± 0.5b 7.67 ± 1.5a

The values are the mean and standard deviation of three replications. Within plant spacing, the values with the same letter (s) are statistically non-significant at p < 0.05.
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Fig. 3. Impact of sowing times and intra row spacing on cluster plant�1 of cluster bean. The values are the mean of three replication. The error bars represent the standard
error (n = 3). Within sowing time, the values are p values computed by Tukey test at p < 0.05.

Table 5
Impact of sowing time and plant spacing on plant height and pod cluster-1 of cluster bean.

Plant Spacing (cm) Plant height (cm) Pods cluster-1

Sowing times Sowing times

15th May 1st June 15th June 1st July 15th May 1st June 15th June 1st July

10 142.3 ± 7.5a 142.6 ± 8.0a 137.6 ± 4.73a 116.3 ± 6.1a 21.0 ± 1.7a 22.3 ± 2.3a 7.67 ± 1.1a 6.0 ± 0.0ab
12 146.0 ± 60.0ab 152.3 ± 5.1b 137.0 ± 8.19a 119.3 ± 4.5a 22.3 ± 2.5ab 23.0 ± 2.0a 7.33 ± 0.6a 5.6 ± 0.5a
15 150.6 ± 8.9b 157.6 ± 4.0b 142.3 ± 3.06a 120.0 ± 8.5a 23.0 ± 02.0b 23.0 ± 2.6a 9 ± 0.0a 6.6 ± 0.5b

The values are the mean and standard deviation of three replications. Within intra row spacing, the values with the same letter (s) are statistically non-significant at p < 0.05.

I. Hussain, M. Ali, A.M. Ghoneim et al. Saudi Journal of Biological Sciences 29 (2022) 781–792
spacing 15 cm showed 11.1 and 19.1% compared to 10 and 12 cm
respectively. Pearson correlation showed that plant height and
pods cluster-1 were significantly positive in correlation with cluster
plant�1, leaf area index, chlorophyll contents, grains yield, 100
grains weight, grains pod-1, days to maturity, pods plant�1 and
pod length of cluster bean (Fig. 9).
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Grain Yield, 100-Grain Weight, and Grains Pod-1: The main
and interaction effects of sowing time and plant spacing were sig-
nificant at p < 0.05 on grain yield (Table 2). First June sowing time
performed better on grain yield than other sowing times (15th
May, 15th June and 1st July) (Fig. 5 and Fig. 6A). The wider plant
spacing 15 cm showed a higher response on grain yield in all sow-



Fig. 4. Impact of sowing times and intra row spacing on plant height (A) and pods cluster-1 (B) of cluster bean. The values are the mean of three replication. The error bars
represent the standard error (n = 3). Within sowing time, the values are p values computed by Tukey test at p < 0.05.
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ing times than 10 and 12 cm. In 15th May, plant spacing 15 cm
showed 25.6 and 4.5% compared to 10 and 12 cm, respectively
(Fig. 5). In 1st June, plant spacing 15 cm showed 20.5 and 7.3%
compared to 10 and 12 cm respectively (Fig. 5). In 15th June, plant
spacing 15 cm showed 35.0 and 5.3% compared to 10 and 12 cm,
respectively (Fig. 5). In 1st July, planting density 15 cm showed
19.1 and 10.5% compared to 10 and 12 cm respectively (Fig. 5).
The main effect of sowing time and plant spacing was statistically
significant at p < 0.05, however, the interaction effect of sowing
and plant spacing was non-significant on 100-grain weight
(Table 2). First June sowing time performed better on 100-grain
weight than other sowing times (15th May, 15th June and 1st July).
The wider plant spacing 15 cm showed a higher response on 100-
grain weight in all sowing times than 10 and 12 cm. In 15th May,
plant spacing 15 cm showed 20.5 and 13.8% compared to 10 and
12 cm, respectively (Fig. 5 and Fig. 6B). In 1st June, plant spacing
15 cm showed 19.1 and 9.8% compared to 10 and 12 cm respec-
tively (Fig. 5). In 15th June, plant spacing 15 cm showed 0 and
2.7% compared to 10 and 12 cm respectively (Fig. 5). In 1st July,
plant spacing 15 cm showed 29.4 and 15.7% compared to 10 and
12 cm respectively). The main effect of sowing time and plant
spacing was statistically significant at p < 0.05, however, the inter-
action effect of sowing and plant spacing was non-significant on
grains pod-1 (Table 2). First June sowing time performed better
on grains pod than other sowing times (15th May, 15th June and
1st July) (Fig. 5). The wider plant spacing 15 cm showed a higher
response on grains per pod in all sowing times than 10 and
12 cm. In 15th May, plant spacing 15 cm showed 15.7 and 13.6%
compared to 10 and 12 cm, respectively (Fig. 5). In 1st June, plant
spacing 15 cm showed 3.2 and 3.2 % compared to 10 and 12 cm
respectively (Figs. 5 and 6C). In 15th June, plant spacing 15 cm
showed 10.6 and 4.2% compared to 10 and 12 cm, respectively
(Fig. 5). In 1st July, plant spacing 15 cm showed 6.0 and 6.0% com-
pared to 10 and 12 cm respectively. Pearson correlation showed
that grain yield, 100-grain weight and grains pod-1 were signifi-
cantly and positively correlated with cluster plant�1, leaf area
index, chlorophyll contents, days to maturity, pods plant�1 and
pod length of cluster bean (Fig. 9).

Transpiration and Photosynthetic Rates: The main and inter-
action effect of sowing time and plant spacing was statistically
non-significant at p < 0.01 on transpiration rate (Table 2). The
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15th May sowing time performed better on the transpiration rate
than other sowing times (15th June, 15th June and 1st July)
(Table 6). The wider plant spacing 15 cm showed a higher response
on transpiration rate in all sowing times as compared to 10 and
12 cm (Fig. 7A). In 15th May, plant spacing 15 cm showed 16.5
and 101.1% compared to 10 and 12 cm, respectively (Table 6). In
1st June, plant spacing 15 cm showed 22.7 and 83.0% compared
to 10 and 12 cm respectively (Table 6). In 15th June, plant spacing
15 cm showed 16.6 and 62.9% compared to 10 and 12 cm, respec-
tively (Table 6). In 1st July, planting density 12 cm showed 38.2
and 81.4% compared to 10 and 15 cm respectively (Table 6). The
main and interaction effect of sowing time and plant spacing was
statistically non-significant at p < 0.01 on photosynthetic rate
(Table 2). The 15th May sowing time performed better on photo-
synthetic rate than other sowing times (1st June, 15th June and
1st July). The lower plant spacing 15 cm showed a higher response
on the photosynthetic rate in all sowing times than 10 and 12 cm
(Fig. 7B). In 15th May, plant spacing 10 cm showed 53.2 and 40.4%
compared to 12 and 15 cm, respectively (Table 6). In 1st June, plant
spacing 15 cm showed 67.9 and 36.9% compared to 10 and 12 cm
respectively (Table 6). In 15th June, plant spacing 12 cm showed
7.9 and 10.6% compared to 10 and 15 cm respectively. In 1st July,
plant spacing 12 cm showed 77.3 and 81.8% compared to 10 and
12 cm respectively (Table 6).

Leaf Area Index and Chlorophyll Contents: The main and
interaction effect of sowing time and plant spacing were statisti-
cally significant at p < 0.05 on leaf area index. First June sowing
time performed better on leaf area index than other sowing times
(15th May, 15th June and 1st July) (Table 7). The wider plant spac-
ing 15 cm showed a higher response on leaf area index in all sow-
ing times than 10 and 12 cm (Fig. 8A). In 15th May, plant spacing
15 cm showed 25.6 and 4.5% compared to 10 and 12 cm, respec-
tively (Table 7). In 1st June, plant spacing 15 cm showed 0 and
5.5% compared to 10 and 12 cm respectively (Table 7). In 15th June,
plant spacing 15 cm showed 14.2 and 6.6% compared to 10 and
12 cm, respectively. In 1st July, planting density 15 cm showed
3.0 and 36% compared to 10 and 12 cm respectively. The main
effect of sowing time was statistically significant at P < 0.05, how-
ever, the main effect of plant spacing and interaction effect of sow-
ing time and plant spacing was non-significant on chlorophyll
contents. First June sowing time performed better on chlorophyll



Fig. 5. Impact of sowing times and planting spacing on grain yield, 100-grain weight, and grain pod-1 of cluster bean. The values are the mean of three replication. The error
bars represent the standard deviation (n = 3). Within sowing time, the same letter (s) values are statistically non-significant at p < 0.05.
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contents than other sowing times (15th May, 15th June and 1st
July). The wider plant spacing 15 cm showed a higher response
on chlorophyll contents in all sowing times than 10 and 12 cm
(Fig. 8B). In 15th May, plant spacing 15 cm showed 0.1 and 3.7%
compared to 10 and 12 cm, respectively (Table 7). In 1st June, plant
spacing 15 cm showed 29.2 and 9.0% compared to 10 and 12 cm
respectively (Table 7). In 15th June, plant spacing 15 cm showed
7.8 and 9.52% compared to 10 and 12 cm, respectively. In 1st July,
plant spacing 15 cm showed 3.4 and 1.7 % compared to 10 and
12 cm respectively.

Chord Diagram: Chord diagram also justified the significance of
sowing time (Fig. 10A) and plant spacing (Fig. 10B) to improve
growth and yield attributes of cluster bean. On average contribu-
tion basis, it showed that 1st June sowing time is better than
15th May, 15th June, and 1st July. Sowing of 15th May is better
than 1st July and 15th June. Late sowing 1st July is not suitable
for cluster bean better growth and productivity (Fig. 10A). Further-
more, plant spacing 15 cm can give better results for improving
growth attributes over 10 and 12 cm spacing. Plant spacing of
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12 cm is also better than 10 cm. Decreasing plant spacing up to
10 cm can decrease growth and yield attributes of cluster beans
over 15 cm (Fig. 10B).
4. Discussion

The present study was carried out to evaluate the effects of dif-
ferent sowing times (15th May, 1st June, 15th June and 1st July)
and planting spacing (10, 12 and 15 cm) on cluster bean produc-
tion in Multan, Pakistan. Results revealed that cluster bean sowing
at 1st June showed higher values of growth, yield, and physiologi-
cal parameters than the other sowing times (15th May, 15th June
and 1st July). In addition, wider plant spacing (15 cm) showed bet-
ter response than narrow plant spacing (10 and 12 cm).

The sowing time 1st June with planting spacing 15 cm signifi-
cantly increased the plant height, chlorophyll contents, clusters
plant�1, pods plant�1, pods per cluster, leaf area index, transpira-
tion rate, photosynthetic rate, grains per pod, pod length, 100-



Fig. 6. Impact of sowing times and intra row spacing on grains yield (A), 100 grains weigh (B) and grains pod-1 (C) of cluster bean. The values are the mean of three replication.
The error bars represent the standard error (n = 3). Within sowing time, the values are p values computed by Tukey test at p < 0.05.

Table 6
Impact of sowing time and intra row spacing on transpiration and photosynthetic rates of cluster bean.

Plant Spacing (cm) Transpiration rate Photosynthetic rate

Sowing times Sowing times

15th May 1st June 15th June 1st July 15th May 1st June 15th June 1st July

10 4.5 ± 1.5ab 3.3 ± 1.9a 4. 6 ± 1.8a 2.4 ± 0.15a 492.8 ± 78.33a 203.2 ± 15.6a 245.2 ± 3.0a 237.3 ± 20.8a
12 2.6 ± 1.6a 2.2 ± 0.6a 3.2 ± 1.2a 4.4 ± 1.12b 451.1 ± 128.2a 249.9 ± 20.2a 271.6 ± 3.11a 431.7 ± 251.2a
15 5.3 ± 1.6b 4.1 ± 1.9a 5.3 ± 1.8a 3.2 ± 0.15ab 321.6 ± 124.2a 341.9 ± 246.4a 251.2 ± 3.0a 243.4 ± 20.8a

The values are the mean and standard deviation of three replications. Within plant spacing, the values with the same letter (s) are statistically non-significant at p < 0.05
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grain weight, and grain yield. Adequate temperature and supply of
nutrients increased germination, growth (Kosa, and Karaguzel,
2020), physiological and yield attributes of cluster bean in the cur-
rent study might be the possible reasons for the increase of cluster
bean productivity. These findings are in line with the literature.
Nikam et al. (2018) showed maximum plant height when cluster
bean was sown late (1st February) compared to other early sowing
times (1st January and 15th January).
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In February, the cluster bean sown obtained the longer duration
of growth period with suitable climatic conditions compared to
other sowing times. Another study conducted by Meena et al. 12

early sowings of cluster bean increase the crop growth rate and
yield parameters compared to late sowing. Meen et al. (2014)
found that sowing time (1st July) obtained higher cluster bean
yield than 11th July and 21st July, which was due to an increase
in the number of clusters plant�1, pods r plant�1, 100 grain weight



Fig. 7. Impact of sowing times and intra row spacing on transpiration rate (A) and photosynthetic rate (B) of cluster bean. The values are the mean of three replication. The
error bars represent the standard error (n = 3). Within sowing time, the values are p values computed by tukey test at p < 0.05.

Table 7
Impact of sowing time and intra spacing on leaf area index and chlorophyll contents of cluster bean.

Plant Spacing (cm) Leaf area index Chlorophyll contents

Sowing times Sowing times

15th May 1st June 15th June 1st July 15th May 1st June 15th June 1st July

10 0.3 ± 0.06a 0.38 ± 0.03b 0.28 ± 0.05a 0.33 ± 0.04b 62.9 ± 5.85a 65.4 ± 7.7a 64.97 ± 7.5a 38.02 ± 7.2a
12 0.3 ± 0.05a 0.36 ± 0.04a 0.3 ± 0.05ab 0.25 ± 0.04a 60.78 ± 8.48a 77.3 ± 8.2b 63.77 ± 12.3a 40.81 ± 7.1a
15 0.4 ± 0.04a 0.39 ± 0.04b 0.32 ± 0.05b 0.34 ± 0.04b 62.38 ± 11.34a 84.1 ± 5.9c 69.25 ± 5.1a 39.32 ± 1.0a

The values are the mean and standard deviation of three replications. Within plant spacing, the same letter (s) values are statistically non-significant at p < 0.05.

Fig. 8. Impact of sowing times and intra row spacing on leaf area index (A) chlorophyll contents (B) of cluster bean. The values are the mean of three replication. The error
bars represent the standard error (n = 3). Within sowing time, the values are p values computed by Tukey test at p < 0.05.
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and optimum environmental conditions during the crop period
(Dhedhi et al., 2016). Ayoub and Hussein (2014) reported that
unfavorable environmental conditions due to improper sowing
time greatly influence cluster bean yield attributes like clusters
per plant�1, pods cluster-1, and clusters pod-1.
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Dhedhi et al. (2016) reported adverse environmental effects on
cluster bean yield due to late sowing. The reduction in photosyn-
thetic rate in the study of Dhedhi et al. (2016) was found the main
reason behind the low yield of cluster bean. In another study, Hunt
et al. (2019) found that an early sowing system combined with



Fig. 9. Pearson correlation for different growth and yield attributes.

Fig. 10. Chord diagram showing contribution of sowing date (A) plant spacing (B) in improvement of growth and yield attributes of cluster bean.
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slower developing wheat genotypes could be exposed to longer
season and 0.54 t ha�1 increased in yield is possible under reduced
rainfall and increasing temperature regimes. Early sowing also
allows deeper root growth, more water access, and less water loss
through evapotranspiration (Hunt et al., 2019). Therefore, manage-
ment of sowing time is highly important under changing climatic
conditions to provide plants optimal environmental conditions to
flourish up to their maximum pick in respect of growth, physiolog-
ical and yield development.
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Zimmermann et al. (2017) studied a crop, economic and envi-
ronmental model for six important crops, for 27 countries of the
European Union (EU27) to assess climate change impact to 2050.
Zimmermann et al. (2017) found that sowing times and thermal
time requirements greatly impact crop yields, production, land
use, and environmental quality. The sowing time and selection of
appropriate cultivars proved helpful in optimizing yields and yield
changes compared to other management practices under changing
climate scenarios.
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The wider plant spacing (15 cm) showed a better effect on
growth, yield, and physiological parameters of cluster bean in the
current study as compared to 10 and 12 cm. This might be due
to less competition between plants for space, nutrients, and light.
The plants might have suitable space for the extension of roots
and uptake of nutrients from a large area compared to 10 and
12 cm plant spacing plants. These findings are in line with the
studies reported in the literature. In the study of Nandini et al.
(2017), higher plant height and number of leaves plant�1 were
recorded with wider planting density (45 � 15 cm) as compared
to lower planting density (30 � 15 cm and 45 � 10 cm) (Masa
et al., 2017).

5. Conclusions

The 1st June sowing time performed better than other sowing
time 15th May, 15th June, and 1st July, while plant spacing
15 cm performed best as 10 and 12 cm spacing. This might be
due to prevailing suitable environmental conditions when the crop
was sown on 15th June. Therefore, the combination of 1st June
sowing time with 15 cm plant space could be recommended for
better growth and cluster bean productivity under current climatic
conditions in Multan, Pakistan. However, long-term studies are
suggested with different ecological zones to revalidate the finding
of this study.
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