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Abstract

Lentil (Lens culinaris Medic) is the main pulse crop and usually has low production due 
to numerous factors and cultivation practices. A field study was designed to investigate the best 
trace elements (Co, Nin, and Se) for sole application or in combination as fertigation after sowing for  
the lentil variety (NIA Masoor-2005). Comparatively better crop growth and yield with better quality 
were obtained through the application of Co, Ni, and Se, at 600, 600, and 300 g ha-1, respectively.  
The maximum grain yield (1638 kg ha-1) was harvested from the treatment where Co, Ni, and Se 
were applied at 600 g ha-1, which was 15% higher than that of the control receiving no trace elements. 
According to economic analyses, the best performing treatment is the use of Ni and Co in full doses, 
as Se has high and does not have economically effective results. All three trace elements had a positive 
impact on lentil nodulation (up to 33%), seed protein (4.6%), and yield increase (15%) over the control 
receiving no trace elements. However, with the application of Co and Ni at 600 g ha-1, each was found 
to be the most economical and showed comparable results regarding growth, nodulation, and yield 
contributing parameters compared to Co, Ni, and Se, each at 600 g ha-1. It was concluded that the use 
of trace elements (Co, Ni, and Se), individually or in combination, is economical and has the capacity  
to increase the yield and nodulation of lentils.
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Introduction

Lentil (Lens culinaris Medic) is a main crop usually 
grown in the rain-fed area of Pakistan. Crops were 
grown in an area of 10.4 thousand hectares from 2015-
16 in Pakistan, with a total production of 6.0 thousand 
tons (Government of Pakistan, 2018-19). Lentil 
production had a secondary position among the cereal 
crops in Pakistan. In Pakistan, lentil is the second most 
important food legume in the winter season, following 
chickpea. Pakistan contributes 8% of the total lentils 
produced in the world. There are several reasons for 
imbalanced lentil yields, mostly in the Pothwar region of 
Pakistan. Scarcity of water, low soil fertility status, and 
mismanagement are the major burning issues. If grown 
through some suitable agro-techniques, its yield could 
be doubled compared to the present one, and it would 
increase farmers’ income significantly [1]. Lentil is  
a high-priced crop and thus can give more profits to  
the poor farmers in marginal areas of Pakistan. Lentil  
is a leguminous crop that biologically fixes atmospheric 
di-nitrogen (N2). It utilizes nodules to facilitate the 
fixation of nitrogen in the soil [2]. Biologically fixed 
nitrogen is used as a fertilizer with a slow release of 
plant nutrients, resulting in the uniform availability 
of nutrients up to crop maturity. It is cultivated 
throughout Pakistan. Lentil is a very important pulse 
grain, containing 24% protein, and is a high-priced 
crop mainly grown in irrigated and rain-fed areas. 
Imbalanced use of nitrogenous-based fertilizers in crop 
production is common. In Pothwar, resources are poor 
and farmers sow lentils by harvesting poor yields that 
are far less than the potential of the current varieties. 
Pothwar region soils are moisture and nutrient deficient 
due to low and erratic rainfalls and little use of nutrients, 
especially trace elements, which decline the yields of 
rainfed lentils.

Lentil has rich resources of proteins, vitamins,  
and minerals for human sustenance, whereas straw  
is a precious animal feed. Furthermore, lentils can 
facilitate restoring soil fertility and secure their own 
nitrogen from the atmosphere. The host plant and 
plant growth-promoting rhizobacteria (PGPR) are 
familiar with the symbiotic relationship. Keeping this 
in mind, this study is designed for the isolation and 
characterization of PGPR from the rhizosphere of lentil 
and examines the trace element effects on the nodulation 
of lentil and their consequences on the symbiotic 
efficiency of Rhizobium leguminosarum along with the 
yield of lentil. The symbiotic association found among 
legumes and Rhizobia helps in the configuration of 
nodules, which are the sites for nitrogen (N) fixation 
present on the legume’s roots [3]. To improve nodulation 
and N-fixation, seed inoculation of pulse crops with 
effective Rhizobium strains is a known practice that 
leads to improved growth and grain yield. Various soil 
bacteria recognized as PGPR are capable of exerting 
advantageous impacts on plants and can enhance  
the yield of an extensive crop. Through various 

mechanisms, PGPR is capable of promoting growth 
like production of symbiotic nitrogen fixation, 
phytohormones, solubilization of mineral phosphates 
and supplementary nutrients, and aggression by 
pathogens via the assembly of antibiotics and the 
decrease of plant ethylene in roots. In the rhizosphere 
strains, PGPR stimulates one or more of these 
mechanisms to achieve the maximum yield, and 
the inoculation of these beneficial microorganisms 
requires best supervision practices. It has been distinct 
that crop yield can be limited by the provision of an 
ordinary physical environment and the inherent genetic 
perspective of the crop.

Cobalt is a supporter of soil microflora. It can barely 
be tested in soil but plays a vital role in preserving 
Rhizobium and other soil bacteria. 0.10 ppm is well 
thought out to be ideal. It is principally unobserved in 
soil fertility programs. It is occupied by the fixation of 
atmospheric N by Rhizobium bacteria. It also promotes 
a variety of beneficial soil bacteria.

Nickel is an essential nutrient for the growth of 
some microorganisms and plants. Nitrogen fixation 
can be increased with its application. [4] observed 
that the application of Ni to the soil for the cultivation 
of soybeans improved the yield and nodulation 
weight. In different legume crops, the application of 
a small concentration of Ni is considered necessary 
for hydrogenase activation and the growth of root 
nodules. Nickel is a crucial component of the 
enzyme urease and has a vital role in nitrogen (N) 
and the metabolism of urea in higher plants. It was 
also observed that legumes initially increased their 
growth and yield. However, with a slight increase in 
nickel concentration, the yield decreased [5].

Although selenium is toxic in large amounts, 
selenium is an important nutrient for bacteria and plants. 
Selenium (Se) is not classified as a necessary higher 
plant element, while at minimum concentrations, it is 
an important micronutrient for plants and animals [6]. 
Selenium counteracts abiotic stresses in plants caused by 
low temperatures, stress, saline conditions, and heavy 
metals through the regulation of reactive oxygen species 
(ROS), antioxidants, chloroplast structures, and the 
recovery of the photosynthetic mechanism [7]. In China, 
in an experiment, foliar applications of Se significantly 
improved Se in legumes at reduced costs compared with 
soil Se application [8, 9], especially in lentils [10].

The yield of lentils is very low because there is no 
proper nodulation in plants; rhizobium multiplication 
is not in the soil; there is no incorporation of trace 
elements (Co, Ni, and Se); and there is no fertilizer 
recommendation, particularly trace elements. There has 
been no work on trace elements for improving nodulation 
in Pakistan to date; trace elements (Co, Ni, and Se) have 
been found to be useful for the development of nodules 
in leguminous plants because both bacteria and plants 
need these trace elements for their proper growth.

Proper growth of Rhizobium requires macro, micro, 
and trace elements (Co, Ni, and Se). Poor availability 
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of nutrients is observed in our alkaline, calcareous 
soil. Nodulation in lentils is poor despite macro- and 
micronutrient fertilization. However, trace elements 
(Co, Ni, and Se) have not been tested for improving 
nodulation in lentils. However, nodulation in other 
leguminous crops has been realized. These trace 
elements (Co, Ni, and Se) have never been used in 
combination to improve the nodulation and yield of the 
crop. Enhancement of bacterial growth and population 
boosts nodulation, which ultimately increases crop 
production.

As far as concern, in Pakistan, limited work has been 
done on trace elements until now. Soils are deficient in 
nutrients due to the monocropping system, which wipes 
all the essential nutrients from the soil and renders it 
unfertile for the cultivation of crops. Keeping in view 
all this information and the fact that there is published 
literature, there is a need to explore the potential 
of trace elements (Co, Ni, and Se) for improving 
nodulation under the agro-ecological conditions of 
the Pothwar. Therefore, an experiment was carried 
out to assess the response of Rhizobium inoculation, 
appraise the effects of trace elements (Co, Ni, and 
Se) on the nodulation efficiency of lentils, evaluate 
the effects of various combinations of trace elements 
(Co, Ni, and Se) on growth and yield, and determine 
the economics of trace element (Co, Ni, and Se) 
application on lentil crops.

It is stated that the application of micronutrients 
increases the postharvest soil’s uptake of micronutrients 
and increases nodule formation [5, 11, 12]. Well known 
researchers and scientists have also stated that the 
cumulative use of different micro and macronutrients 
clearly increases the yield of seeds by 55-60% of which 
20-25% are contributed by micronutrients [5, 13, 14]. 
[15] The study revealed that the combined application 
of zinc, boron, and molybdenum significantly enhanced 
chickpea yields [16]. [17] noted that deficiencies of 
zinc (Zn), boron (B), molybdenum (Mo), and Mg are 
important for plants in many Bangladeshi and Pakistani 

soils and contribute to subpar crop yields. Previous 
research in Bangladesh has documented the positive 
impacts of these micronutrients on groundnut, soybean, 
chickpea, and mungbean production. However, their 
influence on lentil cultivation remains to be fully 
elucidated [18].

Materials and Methods

Study Area and Research Design

Two consecutive years (2017-18 and 2018-19) of 
field studies were carried out to investigate the best 
trace elements (Co, Ni, and Se), for sole application 
or in combination for lentils. The lentil variety (NIA 
Masoor-2005) was sown with a single row hand 
drill, and trace elements were applied alone and in 
combination with fertigation after sowing the lentil 
crop. Field experiments were conducted at the PMAS-
Arid Agriculture University research farm area, which 
is rainfed as shown in (Fig. 1), and the temperature at 
sowing time is 24C /̍75. F. A field study was conducted 
comprising an RCBD (randomized complete block 
design) with three sets of replicas for two years;  
12 treatments of trace elements were applied in field 
conditions to measure their effect on lentil crop  
(NIA-Masoor 2005) attributes such as growth, 
nodulation, yield, and quality. Each plot size was 
maintained at 4.8 m2. The NIA-Masoor 2005 lentil 
variety was sown by using a single row hand drill, and 
trace elements were applied after sowing the lentil crop 
[2, 19].

Field Parameters

The soil samples collected from the research form 
topsoil (0-5 cm depth) [20] which is selected at the start 
of research studies, samples collected from each point, 
labeled, and brought to the laboratory. Lastly, all the soil 

Fig. 1. Field location of the experiment at Knoot Farm, Chakwal.
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samples were collected before sowing to determine soil 
pH and available nutrients [21]. The treatments were T1 
(control), T2 (Co 0, Ni600, Se600), T3 (Co300, Ni300, 
Se300), T4 (Co300, Ni600, Se300), T5 (Co300, Ni600, 
Se600), T6 (Co600, Ni0, Se600), T7 (Co600, Ni300, 
Se300), T8 (Co600, Ni300, Se300), T9 (Co600, Ni300, 
Se600), T10 (Co600, Ni600, Se0), T11 (Co600, Ni600, 
Se300), and T12 (Co600, Ni600, Se600). The doses are 
in gha-1.

Plant Parameters

The height of five randomly selected lentil plants was 
measured with a common measuring scale from each 
plot at the stage of harvesting, after which the average 
height was also calculated in cm. Branches of five plants 
were counted from each plot at the harvesting stage, 
and then averages were calculated in plant-1. The pod 
number of five randomly selected plants was calculated 
from each plot at the harvesting stage in plant-1. Pods 
taken from five plants were dried for eight days. One 
thousand seeds were separated at random and weighed 
with an electric balance in the laboratory. The weight of 
dry shoot parts of lentil plants was randomly taken from 
five plants in pots at the harvest stage and the average 
weight was also calculated in plant-1 (g).

The root dry weights of five randomly selected plants 
were recorded in each plot at the harvest stage and then 
averaged in plant-1 (mg). Dry matter was examined on 
the 75th day after sowing by taking five plants randomly 
from every plot. Every plant was chaffed, thoroughly 
mixed, and then oven dried for ten days. Then, the 
dry matter yield per hectare was calculated (kg ha-1). 
Plants were taken from a one-meter square area, pods 
were removed, and after drying, the grain yield per 
plot was calculated and then converted into grain yield. 
Plants were taken from a one-meter square area of each 
plot and sun dried for ten days, after which they were 
weighed using a common measuring balance (kg ha-1).

The leaf area of the five selected plants at random 
from each plot was calculated manually after the average 
leaf area per plant was taken (cm2). The leaf area index 
(LAI) was derived from the formula LA = leaf area/land 
area. The crop growth rate (CGR) was determined using 
the formula in [22].

 

The net assimilation rate (NAR) was calculated by 
the

 

The concentration of protein was examined.

 

From five randomly selected roots, nodule numbers 
were counted, and their average was determined (plant-1). 
From five lentil plants, randomly selected root nodules 
were separated, their weights were measured with an 
electric balance, and their average was calculated (mg).

Soil Parameters

The soil nitrate content was assessed by the digestion 
method (mg kg-1). The pre-seeding pH was measured 
using a soil pH meter [23]. All three trace element 
contents in lentil seeds were determined by atomic 
absorption spectrophotometry (AAS). All three trace 
element contents in lentil plants were determined by 
atomic absorption spectrophotometry (AAS).

Cost-Benefit Analysis

A Cost-Benefit analysis was performed using the 
following equations:

 

 

Cost is the total expenses of a gronomic operation 
in terms of labor, and farm machinery, and all input 
costs, including seed, pesticides, fertilizers, FYM, 
etc. All replicated data were inserted for the statistical 
analyses, and statistical version 8.1 was used to run the 
experimental design to randomize the complete three 
factorial design.

Results and Discussion

A field study was carried out following  
a randomized complete block design (RCBD) with  
3 replications comprising the best eleven combinations 
of trace elements, along with a control selected after 
greenhouse experiments to determine nodulation in 
lentils grown in rainfed areas. The experiment was 
conducted at the PMAS-Arid Agriculture University 
research farm, in two consecutive years, i.e., during 
2017-18 and 2018-19. Each plot size was maintained 
at 4.8 m2. The most promising potential yielding lentil 
variety, NIA Masoor-2005, and the best performing 
trace element combinations selected after greenhouse 
experiments were sown with a single row hand drill. 
Before sowing the crop, soil samples were collected 
for determination of physico-chemical characteristics 
(Table 1). After harvesting the lentil crop, the effect of 
trace element combination application on crop growth, 
yield contributing parameters, yield, and quality were 
measured, as well as on soil health. These 12 treatments 
were used to evaluate the physico-chemical analysis of 
samples taken from the experimental site. According 
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damaging their proper functions. Lack of trace element 
availability is a more serious concern because these 
elements are unable to recur in alkaline soils due to 
high pH, resulting in feeble development of plant cells 
and hence growth. This could be supported by the 
findings of [26]. The benefits of trace elements are well 
documented by various researchers [27-34], and they 
perform an imperative role in the overall growth process 
of plants. In different reports, it has been shown that 
trace elements [34] are essential for the proper process 
of stem growth and for the expansion of leaf discs that 
help in stomatal activities during the whole plant growth 
period. Singh [35] reported that trace elements result 
in vigorous vegetative growth of legumes, leading to 
enhanced plant height.

Branches Plant-1

On average, the data recorded from experiments over 
a two-year period showed that the maximum number of 
branches (10.33 plant-1) was recorded from treatment T12 
(Co, Ni, and Se and 600 g ha-1), closely followed by T11 
(9.50 plant-1), which received Co, Ni, and Se and 600, 
600, and 300 g ha-1, respectively (Fig. 2). Trace elements 
have numerous beneficial effects on plant growth and 
development, such as chlorophyll synthesis, consistent 
stomatal functioning, and encouraging and stimulating 
growth hormones, which ultimately enhance the branches 
of crop plants. A significant increase in the number of 
branches per plant of various crop plants has been well 
documented by many previous researchers [28, 36]; [30, 
34, 37, 38]; [5, 33, 39]. They reported that trace elements 
play an imperative role in the overall growth process 
of crop plants [40]. Cobalt (Co) efficiently improves 

to treatments, average Soil pH is 8.1, EC is 0.22 dSm-1, 
Bulk density is 1.3 g cm-3, Available is P 6.1 mg kg-1, 
Extractable K is 76.25 mg kg-1, Nitrate-N is 4.4 mg kg-1, 
Cobalt is 0.09 mg kg-1, Nickel is 0.15 mg kg-1, Selenium 
is 0.04 mg kg-1, and soil organic carbon is 0.48% 
while turkey calculated a 42% decrease of SOC [24]. 
In addition to the physical properties of the soil, the 
textural class is sandy clay loam and contains 26% clay, 
12% silt, and 62% sand [25].

Effects of Cobalt, Nickel, and Selenium  
on Morpho-Physiological Characters of Lentil 

Plant Height

The height of each plant was measured from the 
ground level to the apex of the plant at harvest. The 
data in Fig. 2 show that various combinations of 
trace elements had a diversified effect on plant height 
during both years of experimentation. Among all 
the treatments, the application of Co, Ni, and Se at 
600 g ha-1 (T12) resulted in the maximum plant height 
(55.2 cm) during both years. The rest of the treatment 
combinations also performed significantly better than 
the control (T1) receiving no trace elements. The reason 
was the favorable environment provided adequate 
trace element application, which helped the plants 
grow well. For plant growth and their related bacterial 
activity and functioning, adequate availability of trace 
elements such as Co, Ni, and Se for proper plant growth 
mechanisms is a fundamental process. Their deficiency 
may limit the development and growth of the plants as 
well as affect free-living rhizobia in the rhizosphere by 

Table 1. Physio-chemical analysis of the soil samples from the experimental site.

Soil Parameters Means Value (2017-18) Means Value (2018-19) Units

Soil pH 8.1 8.1

EC 0.21 0.22 dSm-1 

Bulk density 1.3 1.34 gcm-3

Available P 6.1 6.3 mg kg-1

Extractable K 76.25 75.9 mg kg-1

Nitrate-N 4.4 5.3 mg kg-1

Cobalt 0.08 0.09 mg kg-1

Nickel 0.15 0.17 mg kg-1

Selenium 0.05 0.04 mg kg-1

Soil Organic Carbon 0.48 0.55 %

Clay 26 26 %

Silt 12 12 %

Sand 62 62 %

Textural Class Sandy-Clay loam Sandy-Clay loam



Muhammad Abbas Anees, et al.578

the growth parameters of tomato plants at all stages of 
growth, including vegetative, flowering, and fruiting, 
in two different growing seasons. In addition, selenium 
(Se) and cobalt (Co) play important roles in physiological 
processes such as antioxidant activity [41-44].

The minimum number of branches in the control (T1) 
treatment receiving no trace element application was due 
to a lack of nutrition in the rhizosphere, which resulted 
in stunted plant growth and hence reduced branching. 
Inhibited rooting system architecture causes severe ill 
effects on plant growth and development due to a lack 
of nutrition. Deduction in the release of phytohormones 
leads to enhanced lateral root branching, and root hair 
formation considerably reduces the uptake of available 
nutrients, resulting in stunted plant growth [42, 45].

Number of Pods per Plant-1

The number of pods is the most prominent yield 
attribute and is most closely correlated with seed yield. 
It is also the most variable component. To attain the 
number of pods and number of ears from each pod, 
they were counted at the harvesting stage compared to 
unsheathed and counted grains. The results obtained are 
shown in Fig. 2.

Among all treatments, T12, in which Co, Ni, and 
Se were applied at 600 g ha-1, had the maximum 
number of pods plant-1 (100) during both the 2017-18 
and 2018-19 cropping years compared to the control 
treatment (T1), which received 0 g ha-1 Co, Ni, and Se. 
Comparatively better performance was most likely due 
to adequate nutrition supplementation, which could be 
supported by [46], who investigated the effect of cobalt 
sulfate (CoSO4) on the growth attributes of Faba bean 
cultivated on sandy loam soil. He reported that the 

cobalt application showed maximum growth, yield 
contributing parameters, and yield of Faba bean, i.e., 
plant height, number of branches plant-1, number of 
nodules, number of pods/plants, number of seed/plants, 
seed yield freshness and dry weight of the shoot and root. 
The positive effect of cobalt application might be due to 
the promotion of many physiological growth processes, 
such as stem and coleoptile extension, gap of hypostyle 
hooks, leaf disc expansion, and bud increase. [47] also 
performed an experiment to study the consequences of 
cobalt relevance on the growth and yield attributes of 
lentils. Furthermore, in an experiment, the application 
of selenium increased the grain yield of lentils, seed Se, 
and antioxidant levels.

Pods were detached from five randomly selected 
plants, unsheathed, and sun dried for one week. One 
thousand seeds were observed at random from the grain 
lot in every plot and weighed by an electric balance.  
The treatment (T12) supplemented with Co, Ni, and Se at 
600 g ha-1

 showed a maximum 1000-seed weight (35 g) 
that was effectively higher than the rest of the treatments 
(Fig. 3).

Effects of Cobalt, Nickel, and Selenium  
on Weight, Shoot Dry Weight, and Root Dry Weight

Seed weight is an imperative characteristic of the 
crop. Even if this character is controlled genetically, 
the growing condition also exerts influence on  
its expression. Many studies have shown the positive 
impact of trace elements on plants. Selenium has  
a positive effect on the growth and yield of different 
fruit crops [48]. [49] performed an experiment on sandy 
loam soil to study the effect of cobalt as cobalt sulfate 
on various parameters of the Faba bean. They noted that 

Fig. 2. Plant height, number of branches plant-1 , and number of pods plant-1 as affected by cobalt, nickel, and selenium.
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the application of cobalt resulted in maximum levels 
of growth, yield contributing parameters, and yield of 
Faba bean plants, i.e., plant height, number of branches, 
number of nodules, number of pods, number of seeds, 
seed yield, and fresh and dry weights of shoots and roots 
of plants. Furthermore, in an experiment, Se increased 
lentil grain yield, seed Se concentration, and antioxidant 
levels. The application of Ni is significantly effective 
on physicochemical and biological parameters with 
increased soil application [50].

Dry shoot weight was determined at maturity by 
sampling five plants randomly from each pot. After 
harvesting the crop on an immediate basis, each sample 
was weighed to note the fresh weight of the samples. 
The data in Fig. 3 show that treatment T12, where Co, Ni, 
and Se were applied at 600 g ha-1, yielded a significantly 
higher dry shoot weight (6.58 g), closely followed by T11 
(6.28 g), which received Co 600, Ni 600, and Se 300 g 
ha-1, compared to the rest of the treatments. The use of 
an adequate rate of nutrients is essential for obtaining 
maximum dry shoot biomass as well as economic 
yields. Although in this study, each combination did not 
have a statistically equal effect on yielding maximum 
dry shoot weight, compared to the control treatment, all 
combinations of trace elements proved to be significantly 
superior. [35] concluded that cobalt application along 
with sulfur produced a higher yield per plant, test 
weight, protein content, total biomass, and grain yield of 
lentil crops. They further reported that 4 kg Co ha-1 and 
20 kg S ha-1 should be applied to light textured soils for 
higher lentil yield production. [51] reported a field study 
on sandy loam soil and the results of trace nutrients on 
the growth and yield attributes of beans. Similarly, [41] 
reported that crop growth parameters were significantly 
affected by trace element supplementation. [52] reported 

that cobalt application improved the total biomass of 
wheat crops. Cobalt sulfate (10 mg kg-1) had a greater 
effect on the dry matter and shoots and roots of wheat. 
However, higher cobalt levels above 10.0 mgkg-1 as 
cobalt sulfate or cobalt chloride caused a significant 
reduction in wheat fresh and dry weight production. 
He determined that the application of trace elements 
produced higher crop growth and yield.

Root dry weight was estimated at 75 days after 
sowing (DAS). The data thus obtained are presented 
graphically in Fig. 3. The data show that treatment 
T12, where Co, Ni, and Se were applied at 600 g ha-1, 
produced the maximum root dry weight (519.5 mg), 
closely followed by T11 (508.5 mg), which received Co 
600, Ni 600, and Se 300 g ha-1,

 as in the other treatments, 
and was comparable to its corresponding treatments 
and control as well. This was probably due to adequate 
nutrition in the rhizosphere, which provided a favorable 
environment to flourish the root system as well as plant 
growth (Figs. 2 and 3). The benefits of trace elements 
are well documented by various researchers [28, 30, 
33, 36, 37, 39, 40, 53, 54], and they play an imperative 
role in the overall growth process of plants. In different 
reports, it has been shown that trace elements [34] are 
essential for the proper process of stem growth and for 
the expansion of leaf discs that help in stomatal activities 
during the whole plant growth period. [35] reported that 
trace elements result in vigorous vegetative growth of 
legumes, leading to enhanced plant height. [40] reported 
that cobalt in tomato promotes growth at all stages, such 
as vegetative, flowering, and fruiting, in the two growing 
seasons. In addition, selenium (Se) and cobalt (Co) are 
precursor elements for growth and production, especially 
in physiological processes commonly associated with 
antioxidant activity [43, 44, 55, 56].

Fig. 3. 1000-grain weight, shoot dry weight, and root dry weight as affected by cobalt, nickel, and selenium.
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Effects of Cobalt, Nickel, and Selenium 
on Yield and Yield Components

Dry Matter Yield

The results of the consecutive two-year experiments 
in this study are shown in Fig. 4. The addition of trace 
elements significantly increased the dry matter yield 
of lentils compared to the control. The maximum dry 
matter yield (2146 kgha-1) was obtained from treatment 
T12, where Co, Ni, and Se were applied at 600 gha-

1, closely followed by T11 (2094 kgha-1), receiving Co 
600, Ni 600, and Se 300 g ha-1

 compared to the rest of 
the treatments, and the minimum was obtained from 
the control (T1) without any trace element application. 
This was a nutrient deficiency in the rhizosphere that 
caused stunted plant growth, resulting in decreased 
dry matter yield. Overall, a significant increase in dry 
matter yield was observed due to trace element (Co, 
Ni, and Se) application. The reason might be adequate 
nutrition and the involvement of trace elements in 
plant metabolic processes facilitating photosynthesis, 
chlorophyll production, pollen functioning, and 
fertilization mechanisms [57]. A favorable environment 
in the rhizosphere enhances the activity of a large and 
diversified microbial species and plant growth.

The root and shoot lengths of soybean were found 
to be higher at 50 mg kg-1, but they decreased with an 
increase in cobalt quantity [29]. Plant height increased 
with increasing levels of cobalt 6 kgha-1. [58] also 
reported that the overall application of Se and Ni 
increased lentil dry matter yield, nitrogen fixation, 
antioxidant protection, and seed concentrations. [59] 
reported that cobalt resulted in a significant increase 
in biomass production, which may be because Co is 
responsible for the increase in all minerals. [60] and [61] 
mentioned the improved root weight for pulses in their 
study by adding trace elements such as Co, Na, Se, and 
Ni. They further mentioned that these elements are not 
critical for all plants but may improve plant growth and 
yield in certain quantities [42, 61-63]. Our results could 
also be supported by [64, 65] and [66], who showed the 
maximum biomass production of lentils through Co, 
Ni, and Se supplementation compared to other trace 
elements.

Grain Yield

The data in Fig. 4 shows that the maximum grain 
yield (1675 kgha-1) was harvested from the treatment 
(T12) supplied with Co, Ni, and Se at 600 gha-1, closely 
followed by T11 (1620 kgha-1) receiving Co, Ni, and 
Se at 600, 600, and 300 g ha-1, respectively. The rest 
of the treatments also produced significantly higher 
grain yields due to various combinations of trace 
elements compared to the control, where no trace 
elements were applied. In this case, the reason might be 
insufficient nutrition in the rhizosphere, which caused 
an unsatisfactory increase and substandard yield. 

Our results could be supported by the findings of [64] 
and [66], in which they showed the maximum grain 
weight by adding Co, Ni, and Se compared to other 
trace elements. In many studies, trace elements have 
been found to be useful for the development of crop 
plants because they need adequate trace elements 
for their proper growth. [60] stated that the yield of 
lentils can be improved by the foliar application of trace 
elements. Owing to their enhanced enzymatic activity, 
microelements were efficiently amplified. Translocation 
and photosynthesis of assimilates into the seed. The 
highest yield can be attained by foliar spray, which 
guarantees potential yield production [67]. Similarly, in 
different studies on Se application to legume crops 
by [68] and [9]. [10] showed significant improvement 
in the growth and yields of legume crops, especially 
lentils. [69] also studied the impact of Co on the yield, 
nutrients, nodulation, and growth of faba beans. This 
study shows the improved grain yield, germination of 
seeds, stand establishment, growth, yield, and quality 
with the application of trace elements. [58] found that 
the combined analysis of variance showed that the 
application of Se fertilizer had a significant effect on 
grain yield and seed Se concentration. He found an 
increase in the lentil grain yield of 5% in one year.

Total Biomass

Total biomass is another important trait concerning 
crops. The results of the successive experiments in this 
study are shown in Fig. 4. According to the data in 
the figure, the addition of trace elements significantly 
amplified the biomass yield compared to the control 
receiving no trace elements. The maximum biomass 
yield in year one was (3863 kgha-1) harvested from 
treatment T12 in year two supplied with Co, Ni, and Se at 
600 g ha-1, followed by T12 (3822 kg ha-1), receiving Co, 
Ni, and Se at 600, 600, and 300 g ha-1, respectively, and 
was significantly superior to the rest of the treatments. 
Reduced biomass yield production was obtained 
from the control treatment (T1) with no trace element 
supplementation. In the case of the control treatment, 
comparatively less biomass yield production was most 
likely due to the lack of plant nutrition availability in 
the rhizosphere, which caused stunted plant growth 
and hence decreased biomass yield production. Our 
results could be supported by the findings of [64] and 
in which they showed the maximum grain weight by 
adding Co, Ni, and Se compared to other trace elements. 
In many studies, trace elements have been found 
to be beneficial for the development of crop plants 
because they need adequate trace elements for their 
proper growth. [34, 60] stated that the yield of lentils 
can be improved by the foliar application of trace 
elements. Owing to their enhanced enzymatic activity, 
microelements significantly improve plant growth and 
crop yields as well. [70] reported that potential crop 
yields could be achieved through the foliar application 
of trace elements. Similarly, different studies on Se 
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application to legume crops by [8] and [71] showed 
significant improvement in the growth and yields 
of legume crops, especially lentils. [46] also studied 
the encouraging impact of Co on the growth and yield 
of faba beans. In another study, [72] also reported an 
increased biomass by adding cobalt. Various reports 
show that Se and Co added at minimum concentrations 
exert beneficial effects on plant growth. Selenium 
may act as a quasiessential micronutrient by varying 
different physiological and biochemical traits. [9] also 
documented similar conclusions. Among the essential 
micronutrients for soybeans, supplementation with Co, 
Ni, and Se significantly improved the biological yield. 
[73] also concluded that Ni promotes plant growth and 
biomass, although it depends on soil clay particles. 
However, other studies have reported improvements in 
the yield and biomass of crops after Se application [74].

Effects of Cobalt, Nickel, and Selenium  
on Harvest Index, Leaf Area, and Leaf Area Index

Harvest Index

The harvest index is a measure of the efficiency of 
plants in producing seeds. During two consecutive study 
years, 2017-18 and 2018-19, according to the data in 
the figure, the addition of trace elements significantly 
amplified the harvest index (HI) compared to the control 
receiving no trace elements (Fig. 5). The maximum 
HI was recorded from the T7 treatment, among all 
other treatments. The minimum HI was determined 
for the control treatment (T12). This was certainly due 
to insufficient nutrition in the rhizosphere that caused 
stunted plant growth (Fig. 2) and hence grain yield  
(Fig. 4), resulting in a decreased HI of the lentil crop 

during both years of study. Overall, a slight increase 
in the HI of the lentil crop was observed due to trace 
element (Co, Ni, and Se) application. The reason might be 
adequate nutrition and the involvement of trace elements 
in plant metabolic processes, facilitating photosynthesis 
activity, chlorophyll production processes, and hence 
pollen functioning and fertilization mechanisms.  
A similar discussion was also made by [57]. A favorable 
environment in the rhizosphere enhances the activity of 
microbes to promote plant growth and crop yield.

The benefits of trace elements are well documented 
by various researchers [28, 33, 36, 37, 39, 53, 64], who 
reported that trace elements perform an imperative 
role in the overall plant growth process and ultimately 
crop yields. In different reports [5, 34, 54], it has been 
shown that trace elements are essential for the proper 
functioning processes of plant growth and for the 
expansion of leaf discs that help in stomatal activities 
during the whole plant growth period. [35] reported that 
trace elements result in vigorous vegetative growth of 
legumes, leading to enhanced yields. In addition, Se and 
Co are considered useful elements for growth and yield 
[43, 75].

Leaf Area

Data from two years of experimentation were 
recorded and are graphically presented in Fig. 5. It is 
clear from the data that various combinations of trace 
elements significantly improved the LA compared to 
the control treatment (T1) receiving no trace elements. 
The maximum LA (366 cm-2) was detected in treatment 
T12 supplied with Co, Ni, and Se at 600 g ha-1, followed 
by T11 (349 cm-2), which received Co, Ni, and Se at 
600, 600, and 300 g ha-1, respectively, during both 

Fig. 4. Dry Matter Yield, Grain Yield, and Total Biomass as affected by cobalt, nickel, and selenium.
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years of the study and was significantly superior to 
the other treatments. The minimum LA was obtained 
from the control treatment (T1) with no trace element 
supplementation, which was most likely due to the 
lack of plant nutrition availability in the rhizosphere, 
which caused stunted plant growth and hence reduced 
LA. A plant with optimum LA may produce a higher 
biological yield. [29] found that a higher dose of Se 
caused a significant reduction in the LA of Zea mays. 
Resembling interpretations have also been reported 
by [76]. [50, 64] and [34] showed the maximum plant 
growth attributes by adding Co, Ni, and Se compared to 
other trace elements. In many studies, trace elements 
have been found to be beneficial for the development 
of crop plants because they need adequate trace 
elements for their proper growth. [60] stated that 
lentil yield can be improved by improving growth and 
yield, contributing parameters through foliar application 
of trace elements. Owing to their enhanced enzymatic 
activity, microelements significantly improve plant 
growth and crop yields as well.

Leaf Area Index

The leaves of the plant are the most important 
photosynthetic shoots. Plants were harvested, and the 
leaf area index was calculated. Data from two years 
of experimentation were recorded and are graphically 
presented in Fig. 5. It is clear from the data that various 
combinations of trace elements significantly improved 
the LAI compared to the control treatment (T1) 
receiving no trace elements. The maximum LAI (2.25) 
was detected in treatment T12 supplied with Co, Ni, and 
Se at 600 g ha-1, followed by T11 (2.24), which received 

Co, Ni, and Se at 600, 600, and 300 g ha-1, respectively, 

during both years of the study and was significantly 
superior to the other treatments. The minimum LAI 
was obtained from the control treatment (T1) with no 
trace element supplementation, which was most likely 
due to the lack of plant nutrition availability in the 
rhizosphere, which caused stunted plant growth and 
hence reduced LAI. A plant with optimum LAI may 
produce a higher biological yield. [29] conducted a pot 
experiment on Zea mays and found that a higher dose of 
Se caused a significant reduction in LAI. [70] reported 
that potential crop yields could be achieved through the 
foliar application of trace elements. Similarly, different 
studies on Se application to legume crops showed 
significant improvement in the growth and yields of 
legume crops [9, 71]. [46] also studied the encouraging 
impact of Co on the growth and yield of faba beans.  
In another study, [77] also reported increased biomass 
by adding Co. Various reports show that Co, Ni, and 
Se applications exert beneficial effects on plant growth. 
Selenium may act as a quasiessential micronutrient by 
varying different physiological and biochemical traits. 
[78] also concluded that nickel promotes plant biomass 
production.

Effect of Cobalt, Nickel, and Selenium  
on the Crop Growth Rate, Net Assimilation 

Rate, and Grain Protein Content

Crop Growth Rate (CGR)

The crop growth rate (CGR) was recorded during 
the whole crop growth period, starting from the time 
of germination until the maturity of the lentil crop.  
The data in Fig. 6 clearly indicated that the highest 
growth rate (5.6 gm-2 day-1) was observed with the 

Fig. 5. Harvest index, leaf area, and leaf area index as affected by cobalt, nickel, and selenium.
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application of Co, Ni, and Se at 600, 600, and 300 g ha-1, 
respectively, followed by T12 (5.4 gm-2 day-1), which 
received Co, Ni, and Se at 600 g ha-1, respectively, during 
both years of study and was significantly superior to the 
rest of the treatments. However, all the combinations of 
Co, Ni, and Se applications significantly improved CGR 
compared to the control treatment (T1) which received 
no trace elements but was substantially less than that 
of T12 and T11. Our results could also be supported by 
the findings of [64] and [34], in which they showed the 
maximum plant growth attributes by adding Co, Ni, and 
Se compared to other trace elements. In many studies, 
trace elements have been found to be beneficial for 
the development of crop plants because they need 
adequate trace elements for their proper growth.[60] 
stated that lentil yield can be improved by improving 
growth and yield contributing parameters through foliar 
application of trace elements. Owing to their enhanced 
enzymatic activity, microelements significantly improve 
plant growth and crop yields as well. [70] reported 
that potential crop yields could be achieved through 
the foliar application of trace elements. Similarly, 
different studies on Se application to legume crops 
have shown significant improvements in the growth 
and yields of legume crops [9, 68, 71, 76]. They also 
studied the encouraging impact of Co on the growth and 
yield of faba bean. In another study, [72] also reported 
increased biomass by adding Co. Various reports show 
that Co, Ni, and Se applications exert beneficial effects 
on plant growth. Selenium may act as a quasiessential 
micronutrient. Initially, Ni was recognized as an 
essential nutrient for plant growth and the completion of 
the plant life cycle. [79] found an increase in lentil CGR 
by adding Se to Se-deficient soils in Bangladesh. Our 
results could also be supported by the findings of [80].

Net Assimilation Rate

The net assimilation rate was recorded during the 
growth periods 2017-18 and 2018-19 of the lentil crop. 
The data in Fig. 6 clearly indicate that the maximum 
NAR (6.07 gm-2 day-1) was observed with the application 
of Co, Ni, and Se at 600 g ha-1, followed by T11  
(5.57 gm-2 day-1) receiving Co, Ni, and Se at 600, 600, and 
300 g ha-1, respectively, during both years of study and 
was significantly superior to the rest of the treatments. 
However, all the combinations of Co, Ni, and Se 
applications significantly improved NAR compared 
to the control treatment (T1) which received no trace 
elements but was substantially less than that of T12 and 
T11. [64] and [66] investigated maximum plant growth 
attributes by adding Co, Ni, and Se compared to other 
trace elements. In many studies, trace elements have 
been found to be beneficial for the development 
of crop plants because they need adequate trace 
elements for their proper growth. [60] stated that 
lentil yield can be improved by improving growth and 
yield contributing parameters through foliar application 
of trace elements. Owing to their enhanced enzymatic 

activity, microelements significantly improve plant 
growth and crop yields as well. [70] reported that 
potential crop yields could be achieved through the 
foliar application of trace elements. Similarly, different 
studies on Se application to legume crops showed 
significant improvement in the growth and yields 
of legume crops [9, 71, 81]. [46] also studied the 
encouraging impact of Co on the growth and yield of 
faba beans. In various reports [82-84], it has been shown 
that Co, Ni, and Se applications exert beneficial effects 
on plant growth. Selenium may act as a pseudoessential 
micronutrient throughout the crop growth period. 
Initially, Ni was recognized as an essential nutrient for 
plant growth and the completion of the plant life cycle.

Grain Protein Content

Grain protein content (%) was determined from grain 
samples collected after the crop harvest. The results 
presented in Fig. 6 clearly indicate that the maximum 
percentage of grain protein (26.2%) was recorded from 
treatments (T12) supplemented with Co, Ni, and Se at 
600 g ha-1 and (T11) receiving Co, Ni, and Se at 600, 600, 
and 300 g ha-1, respectively, which were statistically at 
par during both years of study and were significantly 
superior to the rest of the treatments. The lowest protein 
content, in the case of the control treatment having no 
trace elements, was due to nutrient deficiency in the 
rhizosphere, resulting in a comparatively decreased 
percentage of grain protein content. Protein content 
is used as a pointer to environmental conditions for 
learning about varietal and environmental differences 
in the proximate symphony, minerals, amino acids, 
and anti-nutrients of lentils [85]. [76] reported that the 
protein content in grain was significantly improved with 
the addition of Co (8 kg ha-1) and sulfur (40 kg ha−1). 
Another study performed by [76] demonstrated that N- 
and Coefficient soils have low protein and ultimately 
rescue yield. Similarly, [66] reported maximum plant 
growth and yield with better quality by adding Co, 
Ni, and Se compared to other trace elements. In many 
other studies, trace elements have been found to be 
beneficial for the development of crop plants and 
improved quality owing to adequate trace element 
application. [60] stated that the yield and quality 
of lentils could be improved by improving growth 
and yield contributing parameters through the foliar 
application of trace elements. They further reported 
that trace elements enhance the enzymatic activity 
of crop plants owing to their proper functioning as  
a result of satisfactory availability, and microelements 
significantly improve plant growth and crop yields as 
well. [70] reported that potential crop yields with better 
quality could be achieved through the foliar application 
of trace elements. [34] reported that trace elements 
such as cobalt, nickel, copper, selenium, molybdenum, 
cadmium, and barium have a significant influence on 
the seed protein content of lentils.
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Effect of Cobalt, Nickel, and Selenium 
on the Nodule Formation of Lentil

Number of Nodules Plant-1

The number of nodules plants-1 randomly selected 
from five roots as affected by Co, Ni, and Se applications 
was recorded as shown in Fig. 7. It is clear from the 
data that the maximum number of nodules (36.33) was 
recorded from treatments (T12) supplemented with Co, 
Ni, and Se at 600 g ha-1 and (T11) (35) receiving Co, 
Ni, and Se at 600, 600, and 300 g ha-1, respectively, 
which were statistically at par during both years of 
study and were significantly superior to the rest of the 
treatments. The lowest number of nodules, in the case 
of the control treatment having no trace elements, 
was definitely due to the absence of trace elements in 
the rhizosphere, resulting in comparatively declined 
nodule formation. [61] reported that Co is a necessary 
component of cobalamin, which is required for the 
activities of several enzymes and coenzymes and is 
responsible for the formation of leghemoglobin, which 
enhances nodulation. Root nodulation was also affected 
by Ni and Co concentrations in the root zone, showing 
a corresponding increase in the total number of nodules 
with adequate supplementation of both metals.

Root nodule bacteria need access to sufficient 
concentrations of mineral nutrients. The developmental 
process of some legume symbioses specifically requires 
micronutrients. It is stated in his paper that rhizobium 
symbiosis requires micronutrients, including boron, 
cobalt, copper, molybdenum, manganese, and zinc 
(among others), sometimes at higher rates than the 
free-living plant or bacteria alone. Co is an essential 
nutrient in rhizobia and is a requirement for nitrogen 

fixation [86]. A 67% increase in the number and weight 
of nodules was recorded over the control, owing to the 
sole application of Co. It seems that trace elements 
have a significant contribution to nodule formation, 
their development, and functions, ultimately providing 
vigorous growth for host plants. Our results could be 
supported by the findings of [87] that cobalt sulfate 
significantly raised the physiological attributes and its 
efficacy due to higher nitrogenase, especially 100 and 
75% of N fertilizers in groundnut crops. Moreover, 
significantly (p≤0.05) higher numbers and dry weights 
of nodules were observed when Co was applied at  
a rate of 0.21 kg ha-1 [40, 76]. Previous research by [76] 
reported similar findings. Another team of researchers, 
Nasser et al. (2008), also documented that micronutrients 
are necessary and important for the synthesis and 
activity of enzymes such as the nitrogen adaptation 
enzyme nitrate reductase and the nitrogen-fixing 
enzyme nitrogenase. Indeed, there are numerous reports 
that legume responses to trace element supplementation 
have a direct positive influence on chlorophyll content, 
shoot growth, number of nodules, seed quality, and 
nutrient use efficiency [43, 66, 76, 86, 88].

Weight of Nodules

The weights of nodules plants-1 randomly selected 
from five roots as affected by Co, Ni, and Se applications 
were recorded as shown in Fig. 7. It is clear from the data 
that the maximum weight of nodules (31.96 mg) was 
recorded from treatments (T12) supplemented with Co, 
Ni, and Se at 600 gha-1 and (T11) (31.09) receiving Co, Ni, 
and Se at 600, 600, and 300 gha-1, respectively, which 
were statistically at par during both years of study and 
were significantly superior to the rest of the treatments. 

Fig. 6. Crop growth rate, net assimilation rate, and grain protein content as affected by cobalt, nickel, and selenium.
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The lowest number of nodules; in the case of the control 
treatment having no trace elements, was definitely due 
to the absence of trace elements in the rhizosphere, 
resulting in comparatively declined nodule formation. 
[61] reported that Co is a component of cobalamin, 
which is used for the activities of other enzymes and 
is responsible for the formation of leghemoglobin to 
increase nodulation. Root nodulation was also affected 
by Ni and Co concentrations in the root zone, showing 
a corresponding increase in the total number of nodules 
with adequate supplementation of both metals.

Soil Nitrate Content

The trace element supplemented treatments 
significantly influenced soil nitrate after harvest of the 
lentil crop (Fig. 7), with the maximum in treatments 
(T12) supplemented with Co, Ni, and Se at 600 g ha-1 
and (T11) receiving Co, Ni, and Se at 600, 600, and 300 
gha-1, respectively, which were statistically significantly 
superior to other treatments. The control treatment (T1) 
showed a minimum level of total nitrate nitrogen, which 
might be due to its utilization by the lentil crop for its 
growth. It is generally believed that legume crops as 
well as nodule formation processes utilize native nitrate 
nitrogen during their growth, causing a significant 
depletion in soil. The lentil crop sown with trace element 
application sparingly impressed the level of soil nitrate 
nitrogen determined after harvest. This was presumably 
because trace element supplementation provided the 
nutrient requirements for adequate crop growth and 
maintained higher levels. On the other hand, legume 
crops respond better to maintaining the fertility level of 
the soil and show comparatively less diminution in the 

soil nitrate nitrogen level. Legume crops can improve 
soil fertility, especially through nitrogen fixation in 
nitrogen-deficient soils. Detailed discussion regarding 
soil fertility restoration has also been documented by 
various early researchers [89].

After the harvest of the lentil crop, the nitrate 
nitrogen status improved and was relatively higher 
compared to the control receiving no trace elements. It 
is clear from the results in Fig. 7 that under the control 
treatment, without any trace element application, the 
nitrate level was much lower than that in the treatments 
supplied with trace elements. Trace elements such as 
Co, Ni, and Se are good supporters of soil microflora, 
which play a vital role in preserving soil fertility. 
The microorganism concerned with scavenging these 
trace elements significantly improved the growth 
and yield of lentils by escalating the effectiveness of 
biological nitrogen fixation in addition to easing access 
to macro- and micronutrients such as N, P, K, Fe, Zn, 
Co, Ni, and Se through the fabrication of plant growth-
promoting substances in the rhizosphere. [40, 84] and 
[90] documented similar findings. They reported that 
supplementation with Co at 0.10 ppm is ideal for 
restoring soil fertility. Cobalt is occupied by the 
fixation of atmospheric N by Rhizobium bacteria and 
promotes the functions of a variety of beneficial soil 
bacteria [28, 76].

Effect of Cobalt, Nickel, and Selenium  
on the Seed Cobalt, Nickle, and Selenium Content

Trace element (Co, Ni, and Se) concentrations 
in lentil seeds determined after the crop harvest are 
presented in Fig. 8. The data indicates that the maximum 

Fig. 7. Weight of nodules, number of nodules plant-1, and soil nitrate content as affected by cobalt, nickel, and selenium.
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concentrations of Co, Ni, and Se were determined from 
the seeds harvested from treatments where Co, Ni, and 
Se were applied at 600 g ha-1 compared to their lower 
rates (300 g ha-1). The minimum concentrations of these 
elements (Co, Ni, and Se) were determined from the 
control treatment (T1), where no trace elements were 
applied. This could most likely be the reason that, with 
adequate trace element supplementation, the lentil crop 
produced higher grain yield and total biomass when 
treated with a higher rate of trace elements (Fig. 4). 
Earlier research workers reported similar findings. [91] 
added that cobalt recorded the maximum nodulation 
in groundnut roots. [76] noted that cobalt at 8 ppm 
increased total nodule number and dry weight, the 
number and weight of effective nodules, and root dry 
weight in pea (pisumsativum L) plants. [92] reported 
that cobalt increased the number and weight of cowpea 
nodules and the leghaemglobin content of root nodules. 
[93] found that 50 mg per kg cobalt in soil improved 
growth parameters in groundnut and soybean. [94] 
showed that cobalt acts as an essential element for 
certain microorganisms, and fixing atmospheric N for 
nodule formation improves the efficiency of N fixation 
in legume crops.

Naturally, plants uptake more nutrients available in 
the root zone for their proper growth. Nickel is naturally 
present in soil and water, usually in trace amounts. 
Several plants nutritionally require Ni for various 
metabolic activities. Ni (<5 μg L-1) may stimulate 
growth in higher plants [95]. Excess concentrations 
of Ni may cause numerous adverse effects on flora. 
The physiological role of Ni in higher plants has been 
observed [96-99]. Most plants were adversely affected 
by concentration levels above 50 μgNig-1 dry weight in 
tissues. These effects are manifested at morphological, 

physiological, and biochemical levels, and they may 
result either because of the tendency of Ni to compete 
with other cations such as Ca2+, Fe2+, and Zn2+ and thus 
cause their artificial deficiencies. More nickel than its 
range in the soil and plant tissue causes a deficiency of 
Zn or Fe, which causes symptoms of chlorosis [100].

[101] found that legumes have an important role 
in overcoming nutrient deficiency and malnutrition 
in developing countries’ food security. A literature 
review describes genotype effects on seed mineral 
concentration in lentils. This experiment was also 
performed to increase the seed mineral contents, and 
according to the results, the full dosage of Ni provided to 
the soil gave a high seed content with maximum uptake. 
There are many reports that support our findings that 
high concentrations in the root zone favor significant 
storage of nutrient elements in the seed content. [76] 
reported that the uptake of trace elements (Co, Ni, and 
Se) in lentil grain and straw increased considerably with 
increasing levels of trace element application. In another 
study, a significant increase in the yield of legumes with 
the application of cobalt was reported by [92].

Effect of Cobalt, Nickel, and Selenium on the Straw 
Cobalt, Nickle, and Selenium Content of Lentil

Trace element (Co, Ni, and Se) concentrations in 
lentil tissue determined after the crop harvest had 
similar trends as those in lentil straw (Fig. 9). The data 
indicate that maximum concentrations of Co, Ni, and Se 
were observed in lentil tissues harvested from treatments 
where Co, Ni, and Se were applied at higher rates  
(600 gha-1). It has been discussed that the reason could 
most likely be adequate trace element supplementation 
leading to higher grain yield and total biomass 

Fig. 8. Seed Cobalt, Nickle, and Selinium Content by cobalt, nickel, and selenium.
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production due to more uptake of these elements under 
elevated rates of trace elements (Fig. 4). Earlier research 
[76, 92, 93, 102-106] documented similar findings. They 
reported that trace element (Co, Ni, and Se) application 
improved nodulation in roots, total biomass, and seed 
yield owing to adequate uptake of trace elements in 
grain as well as in plant tissues of different legume 
crops (lentil. cowpea; Pisum sativum L., groundnuts, 
soybean). They further reported that increases in growth 
parameters such as plant height, root length, total leaf 
area, shoot and root dry weights, and pod yield of 
legumes were presumably due to sufficient supply and 
consumption of trace elements in plant tissues. Trace 
elements are essential for certain microorganisms, 
especially those fixing atmospheric nitrogen for nodule 
formation, and their deficiency seems to depress 
the efficiency of N fixation in legume crops. There 
are many reports that support our findings that high 
concentrations in the root zone favor significant storage 
of nutrient elements in the seed content. [76] reported 
that the uptake of trace elements (Co, Ni, and Se) in 
lentil grain and straw increased considerably with 
increasing levels of trace element application. In another 
study, a significant increase in the yield of legumes with 
the application of cobalt was reported by [92].

The Benefit Cost Ratio of Cobalt, 
Nickel, and Selenium

The cost benefit ratio (BCR) was computed. These 
results are encouraging and worth recommending. The 
data in Table 2 indicate that the maximum cost benefit 
ratio (BCR) for lentil crops (1.77) grown under treatment 
T10 (Co, Ni, and Se at 600, 600, and 0 g ha-1) was closely 

followed by 1.75 in T11 (600, 600, and 300 g ha-1) and 
1.74 in T12 (600 g ha-1 each). Among all trace element 
supplemented treatments, the lowest BCR of 1.58 for 
lentils was calculated from treatment T2 receiving Co, 
Ni, and Se at 0, 600 and 600 g ha-1. Generally, the trace 
element application in all combinations performed the 
best except T2 (Co, Ni, and Se at 0, 600, and 600 g ha-1), 
which might be due to the absence of Co and the higher 
rates (600 g ha-1) of Ni and Se, which might have caused 
a declined BCR. Much higher net income (Rs = 49102/-) 
in the case of treatments T10 (Co, Ni, and Se at 600, 600, 
and 0 g ha-1), closely followed by T11 (Rs = 48754/-) and 
T12 (Rs = 48475/-), might be due to adequate nutrition 
supplementation resulting in comparatively higher net 
income. Consequently, nutrient utilization efficiency 
positively affected the healthy growth and yields of lentil 
crops and, thus, net income. This could be supported 
by the findings of similar points of view regarding  
a better correlation between trace element nutrition and 
plant growth and economic yields. In another study 
by [46], a similar trend in economic analysis results 
of faba bean cultivars and nutrient application rates 
was observed. The results of [107] showed a better 
correlation between nutrient application and the growth 
and yield of pea (Pisum sativum L.). They further 
reported that the application of inorganic fertilizers 
integrated with farmyard manure enhanced nutrient 
availability and improved the economical production 
of mung beans with better net income. These findings 
could also be supported by the results of [108]. Based on 
all economic analyses of the study over two years (2017-
18 and 2018-19), trace element supplementation could be 
recommended to farmers to obtain maximum net return.

Fig. 9. Straw Cobalt, Nickle, and Selenium Content by cobalt, nickel, and selenium.
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Conclusion

A two-year consecutive field study spanning the 
agricultural seasons of 2017-18 and 2018-19 was carried 
out to explore optimal trace element (Co, Ni, and Se) 
application methods, either in single or in combination, 
for enhancing lentil (MIA Masoor-2005 variety) 
cultivation. The lentils were sown using a single row 
hand drill, and the trace elements were applied either 
individually or combined through fertigation post lentil 
sowing. Superior crop growth, enhanced yield, and 
improved quality were obtained with the application 
of Co, Ni, and Se at 600 gha-1 followed closely by 
treatments involving Co, Ni, and Se at 600, 600,  
and 300 g/ha-1, respectively. The maximum grain yield 
(1638 kgha-1) was harvested from the treatment where 
Co, Ni, and Se were applied at 600 gha-1, which was 
15% higher than that of the control receiving no trace 
elements. 

The most effective treatment applied full doses 
of nickel and cobalt, each applied at 600 g/ha-1.  
The application of Co and Ni @ 600 g/ha-1 emerged 
as the most economically viable option, showing 
comparable results regarding growth, nodulation, and 
yield contributing parameters when compared to the 
sole application of Co, Ni, and Se at 600 gha-1. 

The use of trace elements (Co, Ni, and Se) either 
individually or in combination, proves to be an 
economical strategy with the potential to significantly 
increase both the yield and nodulation of lentils [109]. 
Demonstrated the positive response to higher doses 
in lentils; also, according to the researcher, these 
findings underscore the importance of monitoring 
and managing plant species used to mitigate potential 
health risks associated with Ni [110]. Further research 

is needed to determine the optimal doses of these trace 
elements. Additionally, cost-effective methods, such 
as foliar application, may be formulated for practical 
implementation.
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Table 2. Benefit cost ratio of cobalt, nickel, and selenium.

Treatments
(g ha-1)

Grain yield  
(kg ha-1)

Gross income 
(Rs.)

Expenses
(Rs.)

Net income 
(Rs)

Additional 
exp. (Rs.)

Value of 
increased yield 

(Rs.)
BCR

Control 1432 100252 62125 38127   Nil Nil 1.61

Co0Ni600Se600 1477 103375 65432 37943 3307 3123 1.58

Co300Ni300Se300 1501 105040 64015 41025 1890 4789 1.64

Co300Ni300Se600 1537 107607 65234 42373 1890 7356 1.65

Co300Ni600Se300 1550 108471 64450 44021 2325 8219 1.68

Co300Ni600Se600 1591 111374 65669 45705 3544 11122 1.70

Co600Ni0Se600 1532 107271 65036 42234 2911 7019 1.65

Co600Ni300Se300 1564 109470 65471 43999 3346 9218 1.67

Co600Ni300Se600 1572 110070 64252 45818 2127 9818 1.71

Co600Ni600Se0 1608 112569 63467 49102 1342 12318 1.77

Co600Ni600Se300 1621 113441 64686 48754 2561 13189 1.75

Co600Ni600Se600 1634 114380 65905 48475 3780 14128 1.74
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