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Background: Malnutrition is a significant threat to mankind and deficiency of important minerals like
boron (B) exert negative impacts on human health mostly in developing and least developed countries.
Chickpea is an important legume with wide consumption in human diet due to easily digestible dietary
protein and grown. Chickpea is mostly grown in arid and semi-arid regions of Pakistan. The B-deficiency
in these areas not only decreases chickpea productivity, but also results lowers B concentration in grains.
Different chickpea genotypes are capable of perform differently due to their divergent genetic makeup
under stressful environmental conditions. Therefore, this field study screened different chickpea geno-
types to improve yield and B biofortification.
Methods: For this purpose 20 ‘desi’ (i.e., ‘TG-1430’, ‘Parbat’, ‘TG-1616’, ‘TG-1620’, ‘05A028’, ‘TG-1601’, ‘TG-
1623’, ‘Thal-2006’, ‘TG-1218’, ‘TG-1513’, ‘Chattan’, ‘BK-2011’, ‘TG-1500’, ‘NIAB-2016’, ‘GGP-1456’, ‘TG-
1618’, ‘TG-1619’, ‘Bittle-2016’, ‘TG-1415’ and ‘Punjab-2008’) and 06 ‘kabuli’ (i.e., ‘TGK-228’, ‘TGK-1767’,
‘TGK-1802’, ‘NOOR-2009’, ‘TGK-1761’ and ‘TGK-1805’) chickpea genotypes were sown under 0 or
1 kg B ha�1 as soil application.
Results: Results indicated that B application improved the growth, nodulation, yield and grains B concen-
trations of all genotypes; however, genotype significantly differed in their response. Of the 20 ‘desi’ geno-
types ‘Punjab-2008’ recorded the highest leaf area index, leaf area duration, crop growth rate, nodulation,
yield and related traits under B application. However, genotypes ‘BK-2011’, ‘TG-1500’ and ‘NIAB-2016’
had higher grains B content under 1 kg ha�1 B application. Similarly, ‘kabuli genotypes’, i.e., ‘TGK-1761’
and ‘TGK-1802’ recorded higher nodulation, while ‘NOOR-2009’ had higher leaf area index, leaf area dura-
tion, crop growth rate, 1000-grain weight, grain yield and biological yield with 1 kg ha�1 B application
compared to the rest of the ‘kabuli’ genotypes included in the study. The highest grain B concentration
was recorded for ‘TGK-1767’ among ‘kabuli’ genotypes.
Conclusion: In conclusion, ‘desi’ genotype ‘Punjab-2008’ and ‘kabuli’ genotype ‘NOOR-2009’ should be
grown under 1 kg ha�1 B application to get higher productivity and B biofortification. The genotypes
which accumulated more B in their seeds should be included in future breeding programs to produce
B-rich grains for reducing malnutrition.
� 2022 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/).
1. Introduction

Malnutrition is a significant threat to mankind and affects >50%
of the population of the world. Mostly pregnant women, and the
kids below five-years age suffer from malnutrition, particularly in
developing countries (Alloway, 2008; Ritchie and Roser, 2017).
Micronutrients are equally important as macronutrients and
required in very minute amount (Kalsoom et al., 2020; Nadeem
et al., 2020). Boron (B) deficiency is critical among all micronutri-
ents’ deficiencies, and regarded as a leading cause of a number of
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diseases in children residing in the developing countries (Hussain
et al., 2020). Boron deficiency has been reported from �80 coun-
tries which exerts negative impacts on >132 plant species
(Brestic et al., 2021; Hossain et al., 2021; Hua et al., 2016). The
B-deficiency is mostly observed in calcareous soils that exerts neg-
ative effects on crop yields (Rashid et al., 2011; Waraich et al.,
2011). Most of the Pakistani soils are calcareous in nature and defi-
cient in micronutrients, particularly B (Rashid and Ryan, 2004). The
B-deficiency status in Pakistani soils is alarming as 65% of the soils
are B-deficient (Rashid and Ryan, 2004).

Boron is an essential micronutrient, structural component of
plant cell wall, and plays an important role in the integrity of mem-
brane in plants (Bassil et al., 2004; Maitra et al., 2021; Qureshi
et al., 2021). It also plays an important role in transportation, pho-
tosynthetic activity and metabolism of indole acetic acid (Dordas
and Brown, 2000; Hussain et al., 2012; Wang et al., 2007). Several
studies reported that B application through different methods
increased yield of different crops, including chickpea (Cicer ariet-
inum L.) (Mehboob et al., 2022, 2021), cotton (Gossypium hirsutum
L.) (Atique-ur-Rehman et al., 2020; Roberts et al., 2000), rice (Oryza
sativa L.) (David et al., 2005; Rashid and Ryan, 2004), sunflower
(Helianthus annus L.) (Ariraman et al., 2020; Ceyhan et al., 2008)
and mungbean (Vigna radiata L.) (Laxmi et al., 2020). Boron is
required in less amount; hence, the range between B-deficiency
and toxicity is extremely narrow (Yau and Ryan, 2008). The B-
deficiency disrupts biochemical, physiological, and cellular func-
tions of plants which cause malnutrition problems and impairs
plant growth. Boron-deficiency is mostly observed in reproductive
stage of plants rather than vegetative stage and affects flowering,
pollination, fruit setting, seed setting and grain filling (Islam
et al., 2017). However B-deficiency in wheat (Triticum aestivum
L.) increased number of open spikelets and decrease number of
grains per spike which negatively affected grain setting (Tahir
et al., 2009). The B-toxicity has been reported to negativelt affect
crop production in arid and semi-arid regions of the world
(Ahmad et al., 2013; Çatav et al., 2018). Boron application at higher
level (toxicity) proved toxic for growth and productivity of chick-
pea (Hussain et al., 2020).

Chickpea is an annual grain legume grown in arid and semi-arid
regions in Pakistan. It is a good source of easily digestible dietary
proteins (22–28%), and contains significant amount of carbohy-
drates, fats, crude fiber and minerals (Foyer et al., 2016). The ‘kab-
uli’ and ‘desi’ chickpea genotypes are mostly grown around the
world. The total cultivated area under ‘desi’ genotypes is 80–85%,
while the remaining 15–20% area is cultivated with ‘kabuli’ geno-
types in indo-Pakistan region. Chickpea requires very low amount
of water; thus, arid, and semi-arid regions are optimum for its cul-
tivation. Biofortification is the technique of integrating minerals
into edible parts of crops. It offers a justifiable and economic way
of increasing the density of minerals/micronutrients in important
staple crops (Hossain et al., 2021; Mehboob et al., 2021). Addition
of nutrients in edible parts of plants will help to control malnutri-
tion and improve food quality (Mao et al., 2014; White and
Broadley, 2009). Soil application of B at sowing may improve chick-
pea growth, nodulation and productivity (Mehboob et al., 2021).
Soil application of B significantly improved physiological parame-
ters and fiber quality of cotton (Atique-ur-Rehman et al., 2020).

All crops and their varieties may vary in the ability to uptake B
from soils. This variation is primarily directed by their genetic
structure, although environmental conditions and plant morphol-
ogy also play their role in this variation. Therefore, this field study
was designed to screen the available chickpea germplasm (both
‘desi’ and ‘kabuli’ genotypes) to find the most responsive genotypes
for B uptake and translocations to grains. All collected germplasm
was sownwith and without B application to evaluate the effect of B
on growth, nodulation, yield, and grain-B concentration. The better
2

performing genotypes (both ‘desi’ and ‘kabuli’) will be further eval-
uated under different B application methods to determine the most
reliable approach of getting higher chickpea yield and grain-B
contents.

2. Materials and methods

2.1. Plant material

Seeds of 26 frequently cultivated chickpea genotypes, i.e.,
‘TGK-1767’, ‘TGK-1802’, ‘NOOR-2009’, ‘TGK-1761’, ‘TGK-1805’,
‘TGK-228’, ‘TG-1430’, ‘Parbat’, ‘TG-1616’, ‘TG-1620’, ‘05A028’,
‘TG-1601’, ‘TG-1623’, ‘Thal-2006’, ‘TG-1218’, ‘TG-1513’, ‘Chattan’,
‘BK-2011’, ‘TG-1500’, ‘NIAB-2016’, ‘GGP-1456’, ‘TG-1618’,
‘TG-1619’, ‘Bittle-2016’, ‘TG-1415’ and ‘Punjab-2008’ were
obtained from Arid Zone Research Institute (AZRI), Bakkhar,
Pakistan and used in the study. Six genotypes, i.e., ‘TGK-1767’,
‘TGK-1761’, ‘TGK-1805’, ‘TGK-228’, ‘TGK-1802’ and ‘NOOR-2009’
were ‘kabuli’, while rest of the genotypes were ‘desi’. Boric acid
(Merck, Germany, 17% B) was used as B source and applied at
the time of sowing.

2.2. Description of experimental site

This study was conducted at Bahauddin Zakariya University,
Bahadur Sub Campus, Layyah, Pakistan during Rabi season of
2018–2019. Before sowing, soil analysis was performed to assess
the initial soil fertility status. Soil was sandy-loamwith 3.54 dSm�2

EC, 8.00 pH, 30.0% saturation percentage, 0.57% organic matter,
5.40 mg kg�1 available phosphorus, 130.00 mg kg�1 available
potassium and 0.57 mg kg�1 available B.

2.3. Experimental details

Seeds of all chickpea genotypes were sown on well-prepared
seedbed under two B application levels, i.e., 0 and 1 kg B ha�1. Boric
acid was used as a source of B. The experiment was laid out accord-
ing to randomized complete block design with factorial arrange-
ment. Boron levels were kept in the main plots, whereas
genotypes were randomized in sub plots. All treatment had three
replications with a net plot size of 4.0 m � 1.8 m.

2.4. Crop husbandry

Pre-soaking irrigation (locally called rouni) of 10 cm was
applied to bring soil under optimum moisture level for seedbed
preparation. When soil reached to workable moisture level,
seedbed was prepared by cultivating the field two times with trac-
tor drawn cultivator followed by planking. Chickpea was sown on
November 01, 2018 by hand drill using seed rate of 80 kg ha�1 in
45 cm spaced rows. Before sowing 40 kg ha�1 nitrogen (N) and
80 kg ha�1 phosphorous (P) was applied using urea and triple
superphosphate as sources of N and P, respectively. In total 4 irri-
gations were applied to fulfill moisture needs of chickpea. Weeds
were controlled manually. All agronomic practices were uniform
from sowing to harvesting. Mature crop was harvested on April
10, 2019.

2.5. Data collection

2.5.1. Growth attributes
To measure leaf area index (LAI) and crop growth rate (CGR),

plants from 1 m2 area were harvested at 45 days after sowing
(DAS) and second data were recorded at 90 DAS. Leaves were
detached from the stem and their area was measured by using leaf
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area meter (DT Area Meter, Model MK2, Delta T Devices, Cam-
bridge, UK). The LAI was computed by the formula given by
Watson (1947).

LAI ¼ Leafarea
Groundarea

Fresh weight of the plants harvested from 1 m2 was measured
by using weight balance and then samples were dried under sun-
light for 48 h. After sun drying the samples were oven-dried at
70 �C for 72 h under thermostatic blast drying oven. Afterwards,
oven-dried samples were weighed. The formula given by Hunt,
(1982) was used to calculate CGR.

CGR ¼ ðW2�W1Þ=ðt2� t1Þ
Here W2 is dry weight at 90 DAS while W1 is dry weight taken

at 45 DAS. Moreover, t2 and t1 are the time interval during both
data.

Leaf area duration was calculated by using Hunt (1982) sug-
gested formula.

LAD ¼ ðLAI2 þ LAI1Þ=2� ðt2 � t1Þ
LAI2 and LAI1 are leaf area index at 90 DAS and 45 DAS where

t2 � t1 are time interval during both data.
Net assimilation rate (NAR) was calculated by using following

formula of Beadle (1985).

NAR ¼ TDM
LAD

where TDM = total dry matter.

2.5.2. Yield traits
When crop reached at harvest maturity, 10 plants were har-

vested randomly from each genotype to record yield-related traits.
Plant height was measured with a measuring tape and averaged.
The nodules population was counted from each plant and averaged
to record number of nodules per plant. For number of branches and
pods per plant, number of branches and pods on each plant were
counted carefully and averaged. The pods were threshed manually,
and 1000 grains from each experimental unit were counted and
weight to record 1000-grain weight. The plants from 1 m2 area
were harvested, pods were removed and threshed manually to cal-
culate grain yield. These yield was then converted into tones ha�1.
All remaining plant parts were put under shade for sun drying for
48 h. After complete drying, the samples were weighed, and grain
weight was added to record biological yield m2. Harvest index was
taken as:

Harvest index ð%Þ ¼ Grain yield
Biological yield
2.5.3. Grains boron analysis
For B analysis, grains sample was collected at harvest. Grain

samples were dried in oven at 70 �C. Afterwards, 1 g sample from
each treatment was taken in a porcelain crucible and kept in muffle
at 550 �C for 6 h. Extraction of ashed samples was done by 10 ml of
0.36 N H2SO4 for 1 h. Extracted samples were then filtered with
Whatman Number 1 filter paper and transferred in 50 ml plastic
transparent bottles and volume was made 50 ml by adding dis-
tilled water. The buffer solution (ammonium acetate 250 ml, EDTA
15 ml dissolve in 400 ml distill water and then add slowly 125 ml
acetic acid) and azomethine solution containing (azomethine-H
0.45 g and L-ascorbic acid 1 g in 100 ml water) were added to
the filterate. The filtrate of 1 ml extracted solution was mixed with
2 ml of buffer solution and 2 ml of azomethine-H solution. This
solution was kept for 45 min to develop color and the B concentra-
3

tion in each sample was recorded by spectrophotometer at
420 nm.
2.6. Statistical analysis

The data were checked for homogeneity of variance and nor-
mality. The collected data were subjected to two-way analysis of
variance (ANOVA) to check the overall significance of data by using
statistical package Statistix 8.1 (Analytical Software, USA). How-
ever, the difference among treatments means were compared
using least significant difference (LSD) test at 95% probability level
(Steel et al., 1997).
3. Results

Chickpea genotypes, B application and their interaction had
highly significant effect on LAI, LAD, CGR and NAR, whereas inter-
active effect remained non-significant for CGR (Table 1). Overall,
‘desi’ genotypes recorded higher LAI, LAD, CGR and NAR during
whole growing season than ‘kabuli’ genotypes. With respect to B
application, B applied at 1 kg ha�1 responded positively and
increased LAI, LAD and CGR against no B application (Figs. 1–3).
The ‘desi’ genotype ‘Punjab-2008’ and ‘kabuli’ genotype ‘NOOR-
2009’ recorded higher LAI and LAD with 1 kg B ha�1 application
compared to the rest of ‘desi’ and ‘kabuli’ genotypes at 45 and 90
DAS (Figs. 1 and 2). Moreover, ‘Thal-2006’ recorded higher NAR
1 kg B ha�1 application compared to the rest of the genotypes
(Fig. 3).

Genotypes and B application had highly significant effect on
plant height and number of nodules per plant. However, interac-
tive effect was significant for plant height and non-significant for
number of nodules per plant (Table 1). Boron application improved
plant height and number of nodules of all genotypes with varying
degree (Table 2). Among ‘desi’ genotypes ‘Bittle-2016’ and ‘Punjab-
2008’ resulted in the longest plant height with B application, while
the shortest plant height was recorded for genotype ‘TG-1415’
grown without B application and it was statistically at par with
genotypes ‘TGK-228’, ‘05A028’, ‘TG-1623’, ‘Thal-2006’, ‘TG-1218’,
‘TG-1513’, ‘Chattan’ and ‘NIAB-2016’ (Table 1). Among ‘kabuli’
genotypes, ‘TGK-1761’ and ‘TGK-228’ resulted in the highest and
the lowest plant height, respectively grown with and without B
application (Table 1). Likewise, ‘desi’ genotypes ‘TG-1616’, ‘TG-
1601’, ‘05A028’, ‘Chattan’, ‘Bittle-2016’ and ‘Punjab-2008’ with B
application recorded higher number of nodules per plant compared
to the rest of the genotypes and B application treatments (Table 2).
However, ‘kabuli’ genotypes ‘TGK-1761’, ‘TGK-1802’ and ‘NOOR-
2009’ with or without B application observed higher number of
nodules per plant and ‘TGK-228’ grown without B resulted in poor
nodulation (Table 2).

Chickpea genotypes, B application and their interaction had sig-
nificant effect on number of branches and number of pods per
plant (Table 1). Boron application improved the number of
branches and number of pods of all genotypes and genotypes
behaved differently (Table 3). Among ‘desi’ genotypes ‘Punjab-
2008’, ‘Chattan’, ‘TG-1500’, ‘NIAB-2016’ and ‘GGP-1456’ recorded
higher number of branches per plant compared with B application
compared to the rest of the genotypes grown with or without B.
However, all ‘kabuli’ genotypes recorded similar number of
branches per plant with or without B application (Table 3). More-
over, ‘desi’ genotypes ‘Punjab-2008’ and ‘Bittle-2016’ with B appli-
cation recorded higher number of pods per plant, while genotypes
‘TG-1601’, ‘TG-1623’ and ‘05A028’ recorded the lowest number of
pods per plant with B application (Table 3).

Chickpea genotypes, B application and their interaction had sig-
nificant effect on 1000-grain weight and grain yield of chickpea



Table 1
Analysis of variance of yield related traits and B-grain concentration of different chickpea genotypes (06 kabuli vs 20 desi treated with B levels (0 vs 1 kg ha�1).

Plant height (cm) Number of nodules per plant

SOV df SS MS P value SS MS P value

Chickpea genotypes (V) 25 1088.92 43.56 0.0000* 1548.41 61.94 0.0210*
Boron levels (B) 1 519.91 519.91 0.0000* 407.08 407.08 0.0008*
V � B 25 414.03 16.56 0.0040* 1328.26 53.13 0.0665NS

Number of branches per plant Number of pods per plant

Chickpea genotypes (V) 25 61.46 2.46 0.0166* 915.81 36.62 0.0000*
Boron levels (B) 1 38.61 38.61 0.0000* 641.89 641.89 0.0000*
V � B 25 60.54 2.42 0.0189* 948.10 37.92 0.0000*

1000 grains weight (g) Grain yield (t ha�1)

Chickpea genotypes (V) 25 4298.0 171.9 0.0000* 3.65 0.14 0.0002*
Boron levels (B) 1 18734.8 18734.8 0.0000* 4.18 4.18 0.0000*
V � B 25 726.8 29.1 0.0007* 1.00 0.04 0.7979NS

Biological yield (t ha�1) Harvest index (%)

Chickpea genotypes (V) 25 18.36 0.73 0.0000* 43.54 1.74 0.1894NS

Boron levels (B) 1 23.41 23.41 0.0000* 24.17 24.17 0.0001*
V � B 25 4.66 0.19 0.5786NS 36.47 1.46 0.3809NS

B grain contents (mg kg�1) Leaf area duration (day)

Chickpea genotypes (V) 25 5633.9 225.4 0.0000* 3066.51 122.66 0.0000*
Boron levels (B) 1 68467.5 68467.5 0.0000* 478.24 478.24 0.0000*
V � B 25 2473.0 98.9 0.0000* 266.84 10.67 0.0000*

Leaf area index at 45 DAS Leaf area index at 90 DAS

Chickpea genotypes (V) 25 7.80 0.31 0.0000* 7.60 0.30 0.0000*
Boron levels (B) 1 1.56 1.56 0.0000* 0.87 0.87 0.0000*
V � B 25 0.84 0.03 0.0000* 0.57 0.23 0.0000*

Crop growth rate (g m�2 day�1) Net assimilation rate (g m�2 day�1)

Chickpea genotypes (V) 25 0.19 0.008 0.0000* 2.38 0.09 0.0000*
Boron levels (B) 1 0.05 0.05 0.0000* 0.129 0.19 0.0000*
V � B 25 0.03 0.001 0.9643NS 0.41 0.02 0.0132*

Here, SOV = source of variation, df = degree of freedom, SS = sum of squares, MS = mean squares, NS = non-significant, * = significant (p � 0.05).
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except for non-significant of interaction on grain yield (Table 1).
Boron application improved 1000-grain weight and grain yield of
all genotypes with varying degree (Table 4). Among ‘desi’ genotype
‘Punjab-2008’ and ‘kabuli’ genotype ‘NOOR-2009’ recorded higher
1000-grain weight grown with B application (Table 4). Moreover,
‘desi’ genotypes ‘Bittle-2016’ and ‘TG-1619’ with B application pro-
duced higher yield than all other genotypes, while ‘BK-2011’ and
‘TG-1620’ produced the lowest yield without B application
(Table 4). Among ‘kabuli’ genotypes, ‘NOOR-2009’ recorded higher
grain yield with B application (Table 4). Among ‘desi’ genotypes,
‘Punjanb-2008’ with B application recorded the highest grain yield
and it was at par with ‘Bittle-2016’ and ‘TG-1619’, whereas ‘NOOR-
2009’ ‘kabuli’ genotype with B application recorded higher grain
yield compared to the rest of the ‘kabuli’ genotypes (Table 4).

Chickpea genotypes and B application had significant effect on
biological yield and harvest index, while their interaction had
non-significant effect (Table 1). Boron application improved bio-
logical yield of all genotypes (Table 5). Among ‘desi’ genotypes
‘Punjab-2008’ observed higher biological yield than all other geno-
types (Table 5). Similarly, among ‘kabuli’ genotypes, ‘NOOR-2009’
recorded higher biological yield, whereas ‘TGK-1767’ produced
the lowest biological yield (Table 5). The B application at 1 kg ha�1

resulted in higher biological yield compared with no B application.
Regarding interactions, ‘Punjab-2008’ with B application recorded
the highest biological yield among ‘desi’ genotypes, while ‘NOOR-
2009’ had the highest biological yield with B application among
‘kabuli’ genotypes (Table 5). The lowest biological yield was
recorded for ‘Parbat’ among ‘desi’ genotypes, ‘TGK-1767’ produced
the lowest biological yield among ‘kabuli’ genotypes (Table 5).
Among desi genotypes, ‘TG-1601’ and ‘05A028’ observed higher
4

harvest index, whereas ‘TGK-1767’ recorded highest harvest index
among ‘kabuli’ genotypes (Table 5).

Chickpea genotypes, B application and their interaction had sig-
nificant effect on grains B concentration (Table 1). Boron applica-
tion improved grain B concentrations of all genotypes and
genotypes significantly differed in this regard (Table 5). Among
‘desi’ genotypes, ‘TG-1500’, ‘Chattan’, ‘05A028’, ‘TG-1620’ and
‘NIAB-2016’ recorded higher grain B concentration (Table 6).
Among ‘kabuli’ genotypes, ‘TGK-1767’ recorded the highest grain
B concentration (Table 6). Regarding interaction, ‘TG-1500’, ‘BK-
2011’ and ‘NIAB-2016’ with B application recorded the highest
grain B concentration among ‘desi’ genotypes, while ‘TGK-1767’
and ‘TGK-228’ with B supplementation had higher grain B contents
among all ‘kabuli’ genotypes (Table 6).
4. Discussion

The results the current study supported our hypothesis that B
application significantly improved growth, nodulation, yield
related traits and grain B concentration (Figs. 1–3, Tables 1–6).
All genotypes responded differently under B availability and
genetic makeup is thought to be responsible for this response.
Equal amount of B was applied to each genotype; however, their
response varied to a great extent. Ceyhan et al. (2007) unveiled
that chickpea genotypes had varying response to supplementation
because of their divergent genetic makeup. More B application
improved grain B concentration of all tested genotypes (Table 6).

Boron is an essential element and undoubtedly plays structural
role in cell walls and the maintenance of plasma membrane func-



Fig. 1. Effect of boron application on leaf area index of different chickpea genotypes ± SE. Here, DAS = days after sowing.
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tions, sugar transport, carbon-fixation, lignification, ribose nucleic
acid metabolism and indole acetic acid metabolism (Flores et al.,
2017). Application of B considerably enhanced LAI, LAD, CGR and
NAR which boosted the productivity of chickpea (Figs. 1–3). Leaf
area index is important factor of growth rate and yield which is
an alternative for the measurement of photosynthesis. Boron was
applied at sowing, so it was expected to influence growth traits,
especially LAI, LAD and CGR (Figs. 1–3). Boron application before
vegetative stage resulted in higher LAI through improved LAD
(Al-Amery et al., 2011). With respect to ‘desi’ genotypes, ‘Punjab-
2008’ recorded higher LAI, LAD and CGR, whereas in ‘kabuli’ geno-
types ‘NOOR-2009’ had higher values of these traits (Figs. 1–3).
Leaf area is considered as main part of photosynthesis and directly
affects photosynthesis rate. According to Yamori et al. (2016), pho-
tosynthesis rate directly depends on chlorophyll content and leaf
area index, which ultimately enhanced grain yield and dry matter
production. Chickpea plants observed reduction in LAI, LAD and
dry weight under no B application which resulted in lower photo-
synthetic rate and reduced production (Figs. 1–3). Under drought
conditions, photosynthesis rate and water status is improved by
B application (Lu et al., 2014).
5

Boron application significantly improved plant height, nodula-
tion, number of grains per plant and 1000-grain weight leading
to higher grain yield. Bayrak et al. (2005) reported that B applica-
tion in B-deficient soils has significant effect on number of pods
per plant in chickpea. Sarker et al. (2002) reported that B applica-
tion 1000-grain weight in soybean (Glycinemax L.). Oosterhuis and
Zhao (2001) stated that B is very important for germination and
development of pollen tube, seed maturity, richness of floret,
anther growth and plasma membrane encouragement. Nutrient
and water availability during vegetative stage helps in biomass
accumulation. Results of this study reported that ‘desi’ genotypes,
especially ‘Punjab-2008’ had higher plant height, branches, and
pods per plant under B application compared to other genotypes
which might be due to more nodulation (Tables 2–3).

Boron application enable plants to produce a greater number of
pods, nodules, and quality grains because it plays active role in
assimilated partitioning and transport (Zohaib et al., 2018). Better
movement of assimilates from source to sink, improved pollen fer-
tility and grains development are the major role of B in plants.
Therefore, chickpea yield-related traits were improved under B
application. Application of B improved number of nodules (18%),



Fig. 2. Effect of boron application on leaf area duration (day) and crop growth rate (g m�2 day�1) of different chickpea genotypes ± SE. Here, DAS = days after sowing.

Fig. 3. Effect of boron application on net assimilation rate (g m�2 day�1) of different chickpea genotypes ± SE. Here, DAS = days after sowing.
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Table 2
Effect of boron application on plant height and number of nodules per plant of different chickpea genotypes

Chickpea genotypes Plant height (cm) Number of nodules per plant

Boron levels (kg ha�1)

0.00 1.00 Means 0.00 1.00 Means

TGK-1767 47.55 k-n 55.22 c-f 51.39 C-I 21.33 17.67 19.50 AB
TGK-1802 50.50 g-m 54.23 c-h 52.37 C-H 17.00 17.67 17.33 A-C
NOOR-2009 51.37 d-l 50.93 e-l 51.15 E-I 16.67 16.67 16.67 A-E
TGK-1761 51.63 d-k 57.37 bc 54.50 BC 17.67 16.67 17.17 A-D
TGK-1805 50.78 f-m 52.67 d-i 51.72 C-I 12.67 8.33 10.500 D-F
TGK-228 47.73 k-n 51.67 d-k 49.70 G-I 5.00 15.33 10.17 EF
TG-1430 50.29 h-m 52.91 c-i 51.60 C-I 15.33 15.33 15.33 A-F
Parbat 53.07 c-i 54.80 c-g 53.93 B-E 15.33 17.67 16.50 A-E
TG-1616 51.84 d-k 53.00 c-i 52.42 C-G 13.67 29.00 21.33 A
TG-1620 51.29 d-l 51.28 d-l 51.28 D-I 23.67 16.00 19.83 AB
05A028 46.39 mn 51.27 d-l 48.83 I 19.00 21.67 20.33 AB
TG-1601 51.29 d-l 51.87 d-k 51.58 C-I 17.00 21.00 19.00 AB
TG-1623 48.11 j-n 53.09 c-i 50.60 F-I 13.67 15.00 14.33 B-F
Thal-2006 49.49 i-n 47.89 j-n 48.69 I 15.00 18.33 16.67 A-E
TG-1218 47.11 l-n 50.56 g-m 48.83 I 19.00 15.33 17.17 A-D
TG-1513 48.89 i-n 53.18 c-i 51.03 E-I 11.33 19.33 15.33 A-F
Chattan 48.89 i-n 49.56 i-n 49.22 HI 9.67 20.67 15.17 A-F
BK-2011 52.99 c-i 51.58 d-l 52.28 C-H 6.67 11.33 9.00 F
TG-1500 51.47 d-l 52.62 d-i 52.04 C-H 13.67 19.00 16.33 A-E
NIAB-2016 47.44 k-n 52.33 d-j 49.89 G-I 12.33 17.00 14.67 A-F
GGP-1456 51.11 d-l 61.58 ab 56.34 AB 15.33 18.00 16.67 A-E
TG-1618 51.57 d-l 57.33 bc 54.45 B-D 17.67 15.67 16.67 A-E
TG-1619 51.91 d-k 55.44 cd 53.68 B-F 9.67 12.33 11.00 C-F
Bittle-2016 54.17 c-h 63.60 a 58.88 A 10.00 24.00 17.00 A-D
TG-1415 45.44 n 55.30 c-e 50.37 G-I 19.67 19.00 19.33 AB
Punjab-2008 55.367 c-e 61.33 ab 58.35 A 12.67 26.67 19.67 AB
Means for B 50.29 B 53.95 A 14.64 B 17.87 A
LSD value at 5% B = 0.88, V = 3.18, V � B = 4.50 LSD at 5% B = 1.86, V = 6.71

Means sharing different letters, within a column or row, differ significantly for each trait from each other at P � 5%.

Table 3
Effect of boron application on number of branches and number of pods per plant of different chickpea genotypes

Chickpea genotypes Number of branches per plant Number of pods per plant

Boron levels (kg ha�1)

0.00 1.00 Means 0.00 1.00 Means

TGK-1767 4.45 f-l 4.33 g-l 4.39 F 41.00 f-j 45.33 c-g 43.167 E-H
TGK-1802 3.67 j-l 4.22 g-l 3.94 EF 38.67 h-k 44.44 d-g 41.555 GH
NOOR-2009 5.55 c-i 4.11 g-l 4.83 B-F 43.89 d-h 45.77 c-g 44.833 B-G
TGK-1761 4.22 g-l 3.56 kl 3.89 EF 46.22 c-f 44.67 d-g 45.445 B-F
TGK-1805 5.00 c-l 4.00 g-l 4.50 C-F 35.44 k 44.99 d-g 40.217 H
TGK-228 3.67 j-l 5.44 c-j 4.55 C-F 42.56 e-i 44.69 d-g 43.623 D-H
TG-1430 4.67 d-l 4.00 g-l 4.33 C-F 48.22 cd 44.24 d-g 46.233 B-E
Parbat 4.45 f-l 3.89 h-l 4.19 C-F 46.67 c-e 46.55 c-e 46.612 B-E
TG-1616 4.22 g-l 4.55 e-l 4.39 C-F 43.78 d-h 50.56 bc 47.167 A-D
TG-1620 3.67 j-l 4.33 g-l 4.00 D-F 47.33 c-e 48.67 b-d 48.00 A-C
05A028 3.78 i-l 4.67 d-l 4.22 C-F 40.67 g-k 48.00 cd 44.33 C-G
TG-1601 3.22 l 4.11 g-l 3.66 F 36.33 jk 47.33 c-e 41.83 F-H
TG-1623 4.45 f-l 5.22 c-k 4.83 B-F 38.67 h-k 48.44 cd 43.55 D-H
Thal-2006 3.78 i-l 6.22 a-f 5.00 B-E 41.00 f-j 44.67 d-g 42.83 E-H
TG-1218 4.22 g-l 5.66 c-h 4.94 B-F 47.00 c-e 48.00 cd 48.00 A-C
TG-1513 3.56 kl 4.66 d-l 4.11 D-F 45.78 c-g 47.33 c-e 44.33 C-G
Chattan 4.22 g-l 6.67 a-c 5.44 A-C 45.33 c-g 44.24 d-g 47.00 A-D
BK-2011 4.89 c-l 4.55 e-l 4.55 C-F 48.55 cd 48.22 cd 48.39 AB
TG-1500 4.56 e-l 6.33 a-e 4.39 C-F 48.67 b-d 47.11 c-e 47.89 A-C
NIAB-2016 4.11 g-l 6.44 a-d 5.28 A-D 46.67 c-e 48.33 cd 47.50 A-C
GGP-1456 4.33 g-l 7.56 ab 5.94 AB 45.67 c-g 48.33 cd 47.00 A-D
TG-1618 3.55 kl 4.89 c-l 4.22 C-F 42.56 e-i 48.33 cd 45.44 B-F
TG-1619 3.56 kl 6.22 a-f 4.89 B-F 48.33 cd 47.78 c-e 47.22 A-D
Bittle-2016 4.44 f-l 5.44 c-j 4.94 B-F 37.22 i-k 54.00 ab 48.05 A-C
TG-1415 4.00 g-l 5.78 b-g 4.89 B-F 43.67 d-h 50.67 bc 47.17 A-D
Punjab-2008 4.55 e-l 7.78 a 6.33 A 47.00 c-e 57.223 a 50.50 A
Means for B 4.18 B 5.18 A 43.73 B 47.78 A
LSD at 5% B = 0.09, V = 0.34, V � B = 0.48 LSD at 5% B = 1.06, V = 3.81, V � B = 5.39

Means sharing different letters, within a column or row, differ significantly for each trait from each other at P � 5%.

N. Mehboob, M. Rizwan, Waqas Ahmed Minhas et al. Journal of King Saud University – Science 34 (2022) 102190

7



Table 4
Effect of boron application on 1000-grain weight and grain yield of different chickpea genotypes

Chickpea genotypes 1000-grain weight (g) Grain yield (t ha�1)

Boron (kg ha�1)

0.00 1.00 Means 0.00 1.00 Means

TGK-1767 428.47 op 445.00 e-k 436.73 C-H 2.41 2.77 2.59 D-G
TGK-1802 418.77 tu 438.03 mn 428.40 L 2.43 2.73 2.58 D-G
NOOR-2009 439.90 k-m 458.50 b 449.20 A 2.78 3.03 2.90 AB
TGK-1761 420.90 r-u 444.97 e-k 432.93 H-K 2.34 2.63 2.49 FG
TGK-1805 418.53 tu 446.30 d-j 432.42 I-K 2.24 2.67 2.45 G
TGK-228 428.21 op 446.27 d-j 437.24 C-F 2.27 2.70 2.53 E-G
TG-1430 418.60 tu 447.97 d-h 433.28 G-K 2.68 2.97 2.82 B-D
Parbat 427.30 o-q 447.03 d-j 437.17 C-G 2.33 2.93 2.63 C-G
TG-1616 428.23 op 448.73 d-f 438.48 CD 2.34 2.90 2.62 C-G
TG-1620 421.00 r-u 442.67 h-m 431.83 J-L 2.50 2.87 2.68 B-G
05A028 425.93p-r 444.00 f-l 434.97 C-J 2.72 2.90 2.81 B-D
TG-1601 427.17 o-q 450.07 c-e 438.62 C 2.62 2.80 2.71 B-G
TG-1623 425.63 p-r 443.63 f-l 434.63 D-J 2.69 2.77 2.73 B-F
Thal-2006 427.23 o-q 443.63 f-l 435.43 C-J 2.41 2.83 2.62 C-G
TG-1218 427.07 pq 442.03 i-m 434.55 E-J 2.50 2.90 2.70 B-G
TG-1513 420.90 r-u 446.03 d-j 433.47 F-K 2.67 2.97 2.82 B-D
Chattan 425.30 p-r 443.00 g-m 434.15 E-K 2.31 2.93 2.62 C-G
BK-2011 419.20 s-u 444.97 e-k 432.08 J-L 2.43 2.81 2.62 C-G
TG-1500 418.93 tu 441.70 j-m 430.32 KL 2.57 2.88 2.72 B-F
NIAB-2016 416.93 u 450.70 cd 433.82 F-K 2.37 2.82 2.67 B-G
GGP-1456 422.17 q-u 444.80 e-l 433.48 F-K 2.33 2.90 2.58 D-G
TG-1618 423.60 p-t 446.67 d-j 435.13 C-J 2.63 2.90 2.77 B-E
TG-1619 427.50 o-q 448.33 d-g 437.92 C-E 2.90 2.87 2.88 BC
Bittle-2016 432.67 no 455.40 bc 444.03 B 2.83 3.00 2.92 AB
TG-1415 424.57 p-s 447.43 d-i 436.00 C-I 2.73 2.90 2.82 B-D
Punjab-2008 439.33 lm 466.03 a 452.68 A 3.07 3.27 3.17 A
Means for B 425.16 B 447.07 A 2.54 B 2.87 A
LSD value at 5% B = 1.08, V = 3.90, V � B = 5.52 LSD at 5% V = 0.27, B = 0.07

Means sharing different letters, within a column or row, differ significantly for each trait from each other at P � 5%.

Table 5
Effect of boron application on biological yield and harvest index of different chickpea genotypes.

Chickpea genotypes Biological yield (t ha�1) Harvest index (%)

Boron levels (kg ha�1)

0.00 1.00 Means 0.00 1.00 Means

TGK-1767 6.85 7.80 7.33 E-H 35.21 35.45 35.33
TGK-1802 6.88 7.76 7.32 E-H 35.20 35.16 35.18
NOOR-2009 7.59 8.58 8.09 B 36.66 35.33 35.99
TGK-1761 6.79 7.51 7.15 GH 34.30 35.03 34.67
TGK-1805 6.50 7.63 7.07 H 34.36 34.96 34.66
TGK-228 6.81 7.74 7.27 F-H 34.38 34.90 34.64
TG-1430 7.38 8.20 7.79 B-E 36.23 36.15 36.19
Parbat 6.84 8.14 7.49 D-H 33.69 36.02 34.85
TG-1616 6.70 8.07 7.39 E-H 34.83 35.93 35.38
TG-1620 7.02 8.00 7.51 D-H 35.54 35.81 35.67
05A028 7.46 8.07 7.76 B-F 36.2 35.93 36.18
TG-1601 7.26 7.87 7.56 C-H 35.84 35.57 35.71
TG-1623 7.65 7.80 7.73 B-F 35.06 35.44 35.25
Thal-2006 7.09 7.90 7.49 D-H 33.95 35.86 34.90
TG-1218 7.26 8.06 7.66 B-G 34.39 35.94 35.16
TG-1513 7.60 8.24 7.92 B-D 35.04 35.99 35.52
Chattan 6.88 8.13 7.50 D-H 33.38 36.10 34.79
BK-2011 7.14 7.89 7.51 D-H 34.04 35.57 34.81
TG-1500 7.41 8.02 7.72 B-F 34.62 35.83 35.23
NIAB-2016 7.01 8.22 7.62 B-G 33.76 36.17 34.96
GGP-1456 6.93 7.90 7.42 D-H 33.58 35.63 34.61
TG-1618 7.55 8.07 7.81 B-E 34.83 35.93 35.38
TG-1619 8.10 8.03 8.07 BC 35.80 35.66 35.73
Bittle-2016 7.93 8.18 8.05 BC 35.73 36.68 36.21
TG-1415 7.74 8.07 7.90 B-D 35.30 35.93 35.62
Punjab-2008 8.41 9.03 8.72 A 36.46 36.18 36.32
Means for B 7.26 B 8.04 A 35.74 A 34.95 B
LSD at 5% B = 0.14, V = 0.52 LSD at 5% B = 0.37

Means sharing different letters, within a column or row, differ significantly for each trait from each other at P � 5%.
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Table 6
Effect of boron application on grains boron concentration in different chickpea
genotypes.

Chickpea genotypes Grains boron concentrations (mg kg�1)

Boron (kg ha�1)

0.00 1.00 Means

TGK-1767 2.81 v 57.62 d-g 30.22 G-J
TGK-1802 8.60 q-v 50.13 g-i 29.37 H-J
NOOR-2009 7.96 r-v 38.57 j 23.27 K
TGK-1761 5.18 uv 55.05 e-h 30.11 G-J
TGK-1805 18.45 k-o 55.91 d-h 37.18 C-E
TGK-228 19.95 k-n 60.83 b-e 40.39 B-E
TG-1430 7.96 r-v 48.63 hi 30.44 G-J
Parbat 12.03 n-u 48.84 hi 35.04 E-H
TG-1616 14.81 n-t 55.27 e-h 36.86 D-F
TG-1620 9.67 p-v 64.04 a-d 35.25 E-G
05A028 7.75 s-v 62.76 a-e 37.61 C-E
TG-1601 16.52 l-q 58.69 c-f 27.97 I-K
TG-1623 5.61 uv 50.34 g-i 28.94 I-K
Thal-2006 7.53 s-v 50.34 g-i 25.40 JK
TG-1218 7.32 t-v 43.49 ij 34.93 E-H
TG-1513 24.87 k 44.99 ij 42.64 A-D
Chattan 24.66 kl 60.62 b-e 42.74 A-C
BK-2011 18.02 k-o 67.47 ab 42.75 A-C
TG-1500 24.66 kl 70.89 a 47.77 A
NIAB-2016 23.37 k-m 66.40 a-c 44.88 AB
GGP-1456 15.67 m-s 58.26 c-g 36.96 C-F
TG-1618 16.10 m-r 59.97 b-e 38.03 C-E
TG-1619 11.39 o-u 63.83 a-d 37.61 C-E
Bittle-2016 11.39 o-u 51.20 f-i 31.29 F-I
TG-1415 15.31 m-t 44.99 ij 30.15 G-J
Punjab-2008 17.59 k-p 55.48 e-h 36.54 EF
Means of B 13.66 B 55.56 A
LSD at 5% B = 1.60 , V=5.79 , V � B = 8.18

Means sharing different letters, within a column or row, differ significantly for each
trait from each other at P � 5%.
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branches (19%), number of pods (8.5%) and 1000 grain weight (5%)
as compared to no B application (Tables 2–4). Due to increase in all
yield-related traits under B application, chickpea grain yield and
biological yield were increased by 11.5% and 10% respectively.
Boron application also improved grain B concentration in plants
by �75% which fulfil the requirement of B in grains and mitigate
the malnutrition problem (Table 6). According to Hussain et al.
(2020), biofortification of B economically increased gains/pod and
1000-grain weight in chickpea.

When assimilate move easily, plants produce higher net returns
because of their utilization. Ceyhan et al. (2008) revealed that soil
application of boron at 7.5 kg B ha�1 increased grain yield and
plant height not only in 1st year but the positive effect was also
visible on next year. Boron application improved total dry matter
by three times in B-deficient plants than in B-sufficient plants
(Asad et al., 2003). Soil application of B along with Bacillus sp.
MN54 inoculation substantially augmented number of pods
plant�1 (38%), nodulation (81%) and grain yield (47%) compared
with control treatment (Mehboob et al., 2021).

All crops and varieties may vary in their ability to uptake B from
soils. This variation is primarily directed by their genetic structure,
although environmental issues and plant morphology play a cer-
tain role in this variation. In this study, ‘Punjab-2008’ ‘desi’ geno-
types and ‘NOOR-2009’ ‘kabuli’ genotype showed better response
to B application. These genotypes recorded higher productivity
due to notable expansion in nodulation, number of pods and
1000-grain weight. Observing the amount of B in eatable portions
of cereals and pulses both by B and no B application may be helpful
for the screening of B enriched varieties. Biofortification is an only
option today to reduce the effect of malnutrition by entering the
essential minerals to our diet.
9

5. Conclusions

Chickpea genotypes (desi and kabuli) had different response to
soil application of B. From 20 ‘desi’ genotypes, ‘Punjab-2008’
recorded higher nodulation, pods per plant, 1000-grain weight,
grain yield and B-grain concentration with B application. In case
‘kabuli’ genotypes, ‘NOOR-2009’ observed higher nodulation,
1000-grain weight grain and biological yields with B application.
In conclusion, desi genotype ‘Punjab-2008’ and ‘kabuli’ genotype
‘NOOR-2009’ are better option to increase chickpea growth, nod-
ules population, productivity, and grain concentration under B
application.
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