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Abstract: Adequate supply of micronutrients is important for the proper growth and yield of
lentil, particularly in poorly fertile soil. This study was carried out to understand the effects of
zinc (Zn), boron (B), and molybdenum (Mo) on the growth and yield of lentil, and how these
elements can help manage soil fertility issues. In this regard, the morpho-physiological traits of lentils
(BARI Masur-7) were collected from two experiments receiving the same treatments carried out
during consecutive rabi seasons of 2015-2016 and 2016-2017. The experiments were laid out with a
randomized complete block design having eight treatments, and was replicated thrice. The treatments
were Tq (COIItI'Ol), T, (Zn2.0 kg ha_l), T; (B1‘5 kg ha_l), Ty (M01.0 kg ha_l), Ts (Zn2‘0B1A5 kg ha_l),
Te (Zng oMoy o kg ha™1), Ty (B1.sMoy o kg ha™1), and Tg (Zny ¢B1 5Moy o kg ha~!). The results revealed
that the application of micronutrients either singly or in combination had significant effects on the
plant height, number of branches per plant, number of pods per plant, number of seeds per pod,
thousand seed weight, and the seed yield of lentil. The maximum seed production was, however,
observed in plots receiving treatment Ty, i.e., the combined application of Zn, B, and Mo. Agronomic
biofortification also had significantly increased protein content of lentil seeds while affecting the macro
and micronutrient content of lentil seed. These results suggest that any micronutrient deficiencies
might lead to a yield loss of lentil, and such a scenario could be avoided by a combined application
of micronutrients at a proportionate level.

Keywords: micronutrients; lentil; crop characteristics; yield component; seed quality; soil properties

1. Introduction

Lentil (Lens culinaris L.) is an edible pulse that belongs to the family Fabaceae. Humans have
known lentils since the beginning of civilization. It is one of the popular pulse crops in Bangladesh.
Lentil seed contains 25% protein, 1.1% fat, 59% carbohydrate, and is also rich in important vitamins,
minerals, and soluble and insoluble dietary fiber [1]. Due to the overpopulation of the country,
the majority of fertile agricultural lands are occupied with cereal crops. This is why pulse crops
are grown in marginal and poorly fertile soils under rain-fed conditions in Bangladesh. One of the
major constraints of pulses production is the lack of proper management practices that has caused the
continuous depletion of micronutrients due to intensive crop cultivation [2]. Therefore, the introduction
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of proper management practices, i.e., balancing the supply of macro and micronutrients, may play a
major role in increasing the production of lentil.

Lentil production is largely influenced by the genotypic potential and the resistance to biotic
and abiotic stresses [3]. However, among various edaphic factors, the availability of adequate plant
nutrients is of prime importance. In particular, micronutrients were reported to have influenced the
growth and yield of lentil [4,5]. Micronutrients contribute substantially to the achievement of higher
production by influencing the symbiotic nitrogen-fixing process, where micronutrient deficiencies can
limit nitrogen fixation by legume-rhizobium symbiosis and influence the effective uptake of different
plant nutrients. Zinc (Zn), for instance, plays an important role in the biosynthesis of plant hormones,
mainly indole acetic acid [6]. Many other enzymes such as the alcohol dehydrogenase (EC 1.1.1.1),
superoxide dismutase (EC 1.15.1.1), carbonic anhydrase (EC 4.2.1.1), and RNA polymerase (EC 2.7.7.6)
include zinc as a cofactor. It is, therefore, evident that zinc deficiency may inhibit protein synthesis
in plant. Zn deficiency also reduces the water uptake by plants, affecting water use efficiency [7],
nodulation, and nitrogen fixation [8]. In addition, Zn uptake is positively correlated with organic
matter content in soil [8,9]. Sandy soils with less organic matter produce lower yields due to the poor
utilization of Zn [10].

Boron (B) is one of the most import trace elements essential for plants. Boron can influence
the absorption of N, P, and K, and its deficiency can change the optimal equilibrium of those three
macronutrients. Boron also plays a key role in sugar translocation, nitrogen fixation, protein synthesis,
sucrose synthesis, cell wall composition, membrane stability, and K* transport [11]. Boron deficiency
leads to sterility in plants by the malformation of reproductive tissues affecting pollen germination,
and resulting in increased flower drop and reduced fruit set [12]. The other important micronutrient
essential for the proper function of nitrogenase enzyme of Rhizobium bacteria is Molybdenum (Mo).
It is also the cofactor for the nitrate reductase enzyme that is involved in nitrogen assimilation [13].
Molybdenum, being a constituent of nitrate reductase and nitrogenase enzymes, is associated with
ammonia reduction and nitrogen fixation, and its deficiency adversely affects the growth and yield of
crops [11]. In Mo-deficient crops, the flowers produced are fewer in number, smaller in size, and many
of them fail to open or to mature, leading to lower seed yield [8].

It is reported in the scientific community that the application of micronutrients increases nodule
formation, micronutrient uptake, and postharvest soil properties [5,14,15]. Several researchers have
also reported that the conjunctive use of different micro and macronutrients significantly increases
seed yield by 55-60%, of which 20-25% could be ascribed to the micronutrients [4,14,15]. Valenciano et
al. [16] found that Zn application was more efficient in chickpea when it was applied in conjunction
with boron and molybdenum. Quddus et al. [17] reported that many soils of Bangladesh are deficient
in zinc (Zn), boron (B), and molybdenum (Mo), which causes poor crop yields. The beneficial effects
of these three micronutrients on groundnut, soybean, chickpea, and mungbean have already been
reported in Bangladesh. However, their effect on lentil production is yet to be fully understood.
The present study was therefore undertaken to evaluate the effects of micronutrients on seed yield,
nutrient uptake, and the postharvest soil nutrient status of lentil field.

2. Materials and Methods

2.1. Experimental Site and Soil

The field experiment was conducted at the research field of the Pulses Research Sub-Station,
Bangladesh Agricultural Research Institute (BARI), Gazipur, Bangladesh, during the winter season
(November to February) of 2015-2016 and 2016-2017. The site is located at 24°0/N latitude and 90°25/E
longitude at an elevation of 8.4 m above sea level. The soil of the study area belongs to the chhiata
series under the agroecological zone (AEZ) Madhupur Tract (AEZ-28). The experimental site has a
subtropical humid monsoon climatic condition. It is characterized by comparatively high monsoon
rainfall, high humidity, and high temperature, long days with less clear sunshine, and sometimes the
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sky remains cloudy for heavy rainfall during the period from April to September. Scanty rainfall, low
humidity, low temperature, short days, and more clear sunshine characterize the period from October
to March. The average temperature ranges from 15.0-36.1 °C and average annual rainfall varies from
1500-2200 mm around the year. Initial soil samples (0-15 cm depth) were collected from different spots
of the experimental field and the characteristics of the experimental soil are given in Table 1.

Table 1. Physical and chemical properties of the soil used in the experiments.

Soil Properties Value
Sand % 26.28
Silt % 38.20
Clay % 35.52
Textural class (0-15 cm) Clay loam
Particle density (g cm™3) 2.51
Bulk density (g cm~3) 1.35
Porosity (%) 46.22
pH 6.6
Exchangeable K (megq. 100 g~ 1) 0.11
Exchangeable Ca (meq. 100 g~ 1) 6.01
Exchangeable Mg (meq. 100 g~ 1) 2.02
Organic matter (%) 1.28
Total N (%) 0.057
Available P (ug g~ 1) 235
Available S (ug g_l) 26.0
Available Zn (ng gfl) 1.31
Available B (ug g~ 1) 0.16
Available Mo (ug gfl) 0.072

2.2. Experimental Design and Treatments

The experiment was laid out in a randomized complete block design (RCBD) with eight
treatments and three replications. The plot size was 4 m x 3 m. The treatments were T; (Control),
T, (Znpokgha™!), T3 (Bys kgha 1), T4 (Mo kg ha™!), Ts (Zng oBy 5 kgha™?), Tg (Zny oMoy g kg ha™!),
T7 (B15sMoq o kg ha~1), and Tg (Zny 0B 5Mo1 o kg ha~1). Basal application of fertilizer was made with
15 kg nitrogen (N), 20 kg phosphorus (P), 30 kg potassium (K), and 10 kg sulfur (S) ha! in all
plots. Fertilizers of each treatment were applied to their respective plots at the final land preparation.
The sources of N, P, K, S, zinc (Zn), boron (B), and molybdenum (Mo) were urea, triple super phosphate
(TSP), muriate of potash (MoP), gypsum, zinc sulfate, boric acid, and sodium molybdate, respectively.
Disease-free vigorous lentil (BARI Masur-7) seeds were sown on 8 November 2015 and 2016 with
the spacing of 30 cm x 5 cm. The seed rate was 30 kg ha~!. Standard crop management practices
were employed. No pests and diseases were observed during the experimental period. Crops were
harvested at maturity. Data on yield contributing characters were recorded from 10 randomly selected
plants from each plot. The seed yield (kg ha~!) was recorded by the whole plot technique. The seed
yield was adjusted to 10% moisture level [18]. The adjusted seed yield at 10% moisture level per plot
was converted to seed yield as kilogram per hectare.

2.3. Protein Percentage

The protein percentage in lentil seed was calculated considering the pulses food factor 5.30 [19].
The protein content was measured by multiplying the % N content of seed with the pulses food factor
5.30 (% N x 5.30).

2.4. Chemical Analysis of Plant Samples

The collected grain and straw were air-dried in ambient conditions and then oven-dried at
65-70 °C for 72 h. The dried samples were finely ground by using a Wiley-Mill with stainless contact
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points to pass through a 60-mesh sieve. Ground plant samples were digested with di-acid mixture
(HNO3sHCIOy) (5:1) as described by Piper (1966) [20] for phosphorus (P), potassium (K), sulfur (5),
zinc (Zn), and boron (B). Total nitrogen was determined using Kjeldhal systems [21]. Phosphorus was
determined colorimetrically using the venadomolybdate blue ascorbic acid method by double beam
spectrophotometry (Model no. 200-20, Hitachi, Tokyo, Japan) [22]. Potassium and zinc concentrations
in the digest were directly measured by atomic absorption spectrophotometry (Model No.VARIAN
SpectrAA 55B, Adelaide, Australia) and the sulfur concentration was determined by the turbidity
method using BaCl, by spectrophotometry [23]. The boron concentration was also determined by
spectrophotometry following the azomethine-H method [23].

2.5. Soil Analysis

Soil samples were collected (up to 0-15 cm depth) at the initial stage and also after harvest from
four different spots in each plot. The composite soil sample of each plot was brought to the laboratory
for different soil analyses.

Particle size analysis of the soil was conducted using the hydrometer method [24]. The textural
class was determined using Marshall’s Triangular Coordinates of the USDA system.

Particle density was determined by the volumetric flask method [24] using the following formula:

M
Particle density (Dp) = V—SS gem™2

where

Dp = Particle density (g cm~3);
Vs = Volume of soil solid (cm~3);
Ms = Weight of soil solid (g).

Bulk density was determined by the core sampler method [24] using the following formula:
Bulk density (Db) = %g cm ™3

where

Db = Bulk density (g cm~3);
Ms = Mass of soil solid (g);
Vt = Total volume of soil (cm™3).

Soil porosity was calculated from the results of particle density and bulk density as:

Dp — Db

5 ) x 100

Soil porosity = (

where

Dp = Particle density (g cm™3);
Db = Bulk density (g cm™3).

Soil pH was measured with the help of a glass electrode pH meter using a soil water suspension
of 1:2.5 as described by Reference [23]. Organic carbon was determined following the wet oxidation
method as described by Reference [23] and the organic matter content was calculated by multiplying
the % organic carbon with the Van Bemmelen factor 1.73 [25]. Total nitrogen was determined using
Kjeldhal systems [21]. Calcium and magnesium were determined by the ammonium acetate extraction
method [26]. Phosphorus was determined colorimetrically using the venadomolybdate blue ascorbic
acid method by double beam spectrophotometry (Model no. 200-20, Hitachi, Tokyo, Japan) [22].
Potassium and zinc concentrations in the digest were directly measured by atomic absorption
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spectrophotometry (Model No.VARIAN SpectrAA 55B, Australia) and the sulfur concentration was
determined by the turbidity method using BaCl, by spectrophotometry [23]. The boron concentration
was also determined by spectrophotometry following the azomethine-H method [23].

2.6. Statistical Analysis

The collected data were analyzed to assess their statistical significance. Statistix 10 program was
used to perform statistical analysis (www.statistix.com). Means were separated by the least significant
difference (LSD) test at a 5% level of significance [27].

3. Results and Discussion
3.1. Effect of Micronutrients on Morpho-Physiological Characters of Lentil

3.1.1. Plant Height

Plant height is the most important characteristic of the morpho-physiology which also acts as a
key to shoot yield as well as total biomass production. Agronomic biofortification with Zn, B, and
Mo significantly increased the plant height of lentil (Table 2). The highest plant height (35.9 cm) was
recorded from the Tg treatment which was statistically similar to Ts, and the lowest (31.8 cm) was
recorded from the T; (control) treatment (Table 2). As with other leguminous crops, Zn application
resulted in more vegetative growth [28], leading to higher plant height. Different micronutrients might
have helped in the synthesis of the auxin indole acetic acid and increased the plant height.

Table 2. Effect of Zn, B, and Mo applications on growth and yield characters of lentil. Averages from
three independent experiments are shown (mean of 2 years of data).

Plant 1000 Seed Seed
. Branches Pods Seeds . .
Treatments Height Plant—1 Plant—1 Pod—1 Seeds wt. Yield Protein

(cm) (gm) (Kg/ha) (%)

T; = Control 318e 254c¢ 369 e 1.62d 173 ¢ 822d 20.8b

T, =Zn2.0kg ha™! 34.7 bc 2.74b 51.1 bed 1.77 be 18.7b 1081 bc 248 a

T3=B15kgha™! 34.1cd 2.76 b 482 cd 1.80b 18.6 b 1066 ¢ 24.6a

T4 =Mo 1.0kgha™! 33.5d 2.69 bc 48.0d 1.76 be 18.3b 1015 ¢ 253 a

T5 =Zny By 5 35.1 ab 3.04a 62.0 a 1.88 a 19.6 a 1203 ab 252a

T¢ = Zny oMoy 34.9 bc 2.85b 529b 1.79 be 184Db 1105 bc 25.6a

T7 =By 5Moq 34.8 be 2.84b 52.4 bc 1.78 be 182b 1096 bc 25.8a

Tg = Zny By 5Moq o 359a 3.06 a 65.0a 190 a 19.7 a 1256 a 26.7 a
CV (%) 1.70 3.33 4.72 1.46 1.55 6.61 6.71
LSD (0.05) 1.04 0.164 429 0.046 0.504 1.27 292

Values within a column having same letter(s) do not differ significantly (p = 0.05).

3.1.2. Branches Plant—!

Micronutrients have a significant effect on the number of branches per plant (Table 2).
The maximum number of branches per plant (3.06) was recorded from the Tg treatment, which was
statistically similar to the T5 treatment. The minimum (2.54) was recorded from the T; (control)
treatment, which was statistically similar to T4 (Table 2). A significant increase in number of
branches per plant has been reported following the application of different micronutrients [29-32] and
micronutrient mixtures [33] in different crops.


www.statistix.com
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3.2. Effect of Micronutrients on Yield Components of Lentil

3.2.1. Number of Pods Plant~!

The number of pods per plant is the most influential yield component, and is most closely
correlated with seed yield. It is also the most variable component [34]. Data regarding pods per plant
of lentil as influenced by different micronutrient applications is shown in Table 2. Analysis of the data
revealed that the effect of the treatments was significant on the number of pods per plant. During
the single application of Zn, B, and Mo, the highest number of pods per plant (51.1) was obtained
from the T, treatment and the lowest (48.0) was obtained from the T, treatment (Table 2). However,
among all of the treatments, the highest number of pods per plant (65.0) was recorded from the Tg
treatment, which was statistically similar to the T5 treatment, while the lowest (36.9) was recorded
from the Ty (control) treatment (Table 2). The results indicate that micronutrients have a positive effect
on the pod set of lentils. The pod set was increased by 76.15% in Tg over the control. This could be
due to the greater role of micronutrients in the production of indole acetic acid (IAA), which may
have resulted in more pods per plant [35]. Micronutrients also increase the number of branches due to
the formation of stamens and pollens [36]. The enhancing effect of zinc, boron, and molybdenum on
pods per plant has been reported in mungbean [37], chickpea [38], green gram [39], french bean [40],
and cowpea [15]. The results of this study contribute to the growing body of knowledge about the
effect of these micronutrients on lentils.

3.2.2. Number of Seeds Pod !

The number of seeds per pod is the least variable yield component. It was also significantly
influenced by agronomic biofortification (Table 2). The highest number of seeds per pod (1.90) was
obtained from the Tg treatment, which was statistically similar to the T5 treatment, and the lowest (1.62)
was recorded from the T; (control) treatment (Table 2). Similar results have been reported in the case
of mungbean [37] and green gram [39], showing the relevance of the present study, and inferring the
fact that agronomic biofortification might have enhanced the seed setting that resulted in an increasing
number of seeds per pod.

3.2.3. Thousand Seed Weight

Seed weight is an important quality attribute of crops. Although this character is genetically
controlled, the growing condition also exerts considerable influence on its expression. In the present
study, the thousand seed weight of lentils was significantly influenced by the application of Zn, B,
and Mo. The highest thousand seed weight (19.7 g) was obtained from the Tg treatment, which was
statistically similar to the Ts5 treatment, and the lowest (17.3 g) was obtained from the T; (control)
treatment (Table 2). This could be due to the higher mobilization of photosynthates to the developing
seeds in Tg caused by the agronomic biofortification of Zn, B, and Mo. The results of this study conform
with the findings of a number of previous reports [37,39] for mungbean and green gram.

3.2.4. Seed Yield

Seed yield is an important consideration for any study relating to the commercial cultivation as
well as the seed production of a crop. Seed yield depends on the number of pods per plant, seeds
per pod, and seed weight. The results from Table 2 indicated that the application of micronutrients
either singly or in combination had a significant effect on the seed yield of lentil. However, the
maximum increase in seed yield was observed following the combined application of Zn, B, and Mo.
All other treatments were found to have moderate to low effects in enhancing the seed yield of this
crop. The increase in seed yield varied from 23.48 to 52.80% at different treatments compared to
the controls (Table 2). This indicates the fact that agronomic biofortification may have fostered the
photosynthesis process and translocation of photosynthetic products to the seed as a result of an
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increase in enzymatic activity. The plots lacking in one of the micronutrients (Ts, T, and Ty treatments)
showed lower seed yield than Tg treatments where Zn, B, and Mo were applied in combination.
On the other hand, when Zn, B, and Mo were applied individually to soil, the increase in seed yield
was marginal but statistically different from the control. This result indicates that any micronutrient
deficiencies may result in yield loss, and this could be recovered if the relevant micronutrients are
applied. The best results would therefore be achieved if micronutrients are applied in conjunction
with macronutrients to favorably influence the plant vigor, morphology, and metabolic processes.
The results of this experiment are in agreement with the findings of a number of previous research
endeavors involving other crops [38,40-43]. Yang et al. [44] for instance, reported that the combined
application of B with Mo or Zn resulted in higher seed yield than the application of B, Mo, or Zn
alone, and the combined application of B, Mo, and Zn increased the seed yield by 68.1% compared to
the controls.

3.3. Effects of Micronutrients on the Protein Content of Lentil Seed

Agronomic biofortification with Zn, B, and Mo had a significant effect on the seed protein content
of lentil (Table 2). The highest seed protein content (26.7%) was obtained from the Tg treatment,
which was statistically similar to Ty (25.8%), T¢ (25.6%), T5 (25.2%), T4 (25.3%), T3 (24.6%), and T (24.8%).
The lowest (20.8%) protein content, however, was obtained from the T; (control) treatment (Table 2).
It has been reported that the protein percentage in grain of moth bean (Vigna aconitifolia (Jacq.) Marechal)
increased significantly following Mo application [45]. Barik and Rout [46] also observed that agronomic
biofortification with Mo, Zn, B, K, and S enhanced the seed protein content of pulses. This is because
an increase in micronutrient availability enhances N uptake by plants through nodule formation,
which increases the protein content in seeds [47].

3.4. Effects of Micronutrients on the Nodule Formation of Lentil

The results of the consecutive experiments of this study show that the number of nodules per plant
was gradually increased from 32 days after seeding (DAS) to 62 DAS, and then decreased regardless of
treatment (Figure 1). The results also indicate that every micronutrient has an important role in nodule
formation. The highest number of nodules per plant (58.5) was recorded for Tg after 62 days of sowing,
which was statistically similar to Tg, and the lowest number of nodules per plant (13.7) was recorded
for Ty (control) at 32 DAS (Figure 1). From the results of different dates, we found that the lowest
numbers of nodules per plant were recorded at 32 DAS and 77 DAS while the highest numbers of
nodules per plant were recorded between 47 and 62 DAS. It seems that the highest number of nodules
formation occurred during early to mid-flowering stages. After flowering, nodules formation efficiency
was reduced. Micronutrients play important roles as constituents of organic structures, constituents or
activators of enzymes, electron carriers, and in osmoregulation. Micronutrients may also influence
N, fixation in legumes and nonlegumes at various levels of the symbiotic interactions: infection
and nodule development, nodule function, and host plant growth [48]. Bolanos et al. [49] studied
the effect of boron on Rhizobium-legume cell-surface interaction and nodule development in pea.
In boron-deficient plants, the number of Rhizobia infecting the host cells and the number of infection
threads were found to have reduced. Moreover, the infection threads had developed morphological
aberrations and reduced the nodule number. It has been reported that the Fe-Mo cofactor (FeMoco) of
nitrogenase constitutes the active site of the molybdenum-containing nitrogenase protein in N2-fixing
organisms [50]. Although at a low supply, molybdenum is an essential trace element and is vital for the
synthesis and activity of molybdoenzymes such as nitrogen assimilation enzyme-nitrate reductase and
the nitrogen-fixing enzyme-nitrogenase, the key regulatory component for the initiation of nodulation
and the maintenance of nitrogen fixation in legumes [51]. The present results are in agreement with
these previous studies that explained the reason for low nodule formulation at later stages in lentils.
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Figure 1. Effects of Zn, B, and Mo on number of nodules per plant of lentil at different days after
seeding. Averages from three independent experiments are shown. Error bars represent the SEM.
Means followed by uncommon letter(s) are significantly different from each other at the 5% level
of significance. Note: T; = Control, T, = Zn 2.0 kg ha~1, T3 =B15kg ha~1, Ty =Mo 1.0 kg ha~1,
Ts =Zny¢B15, Te = Zny sMoq g, Ty = By sMo1 g, Tg = Zny By sMo1 .

3.5. Effects of Micronutrients on the N, P, K, S, Zn, and B Content of Lentil

The uptake of N, P, K, S, Zn, and B by lentil (grain and straw) was markedly influenced by
agronomic biofortification (Tables 3 and 4). The results showed that agronomic biofortification had
a significant influence on the N content of lentil (seed and straw). The highest N content (5.04%
in seed and 1.74% in straw) was obtained from the Tg treatment, which was statistically similar to
T7 (4.88% and 1.67%), T¢ (4.83% and 1.64%), Ts (4.76%), T4 (4.78%), T3 (4.65%), and T, (4.68%), while
the lowest N content (3.92% in seed and 1.18% in straw) was obtained from the control (T treatment)
(Tables 3 and 4). It has been reported that the agronomic biofortification of grain legumes in field
conditions increases N, fixation and nodule mass, resulting in higher N content in grain [52,53].

Table 3. Effect of Zn, B, and Mo applications on N, P, K, S, Zn, and B content in lentil seed. Averages
from three independent experiments are shown (mean of 2 years of data).

Treatments N (%) P (%) K (%) S(%) Zn(ugg™ B(ugg™H

T; = Control 3.92b 022 e 0.61 ¢ 0.13d 59.0d 31.2d
T, =Zn2.0kg ha~1 4.68a 0.29 cd 0.62 ¢ 0.15cd 70.8 ab 32.3d
T3 =B1.5kgha™! 4.65a 0.30bcd  0.69bc  0.14d 65.6 ¢ 375¢
T4 =Mo1.0kg ha=! 4.78 a 0.28d 076 ab  0.17 cd 67.5 bc 32.7d
Ts=Zny B 5 476 a 0.33abc  0.79ab  0.20bc 70.0 abc 40.1ab
T¢ = Zny gMoq g 483 a 0.31bcd 0.77ab  0.23b 69.3 abc 38.7 be
Ty = B;.sMoy o 48%8a  034ab  08la  025b 68.1 abc 40.6 ab
Tg = Zny 0By sMoy o 504a 0.36a 086a  034a 724a 415a
CV (%) 6.79 9.14 7.84 10.2 3.83 3.25

LSD (0.05) 0.56 0.049 0.102 0.076 4.56 2.10

Values within a column having same letter(s) do not differ significantly (p = 0.05).

Agronomic biofortification with Zn, B, and Mo had a significant effect on the P and S content
in lentil (seed and straw). The highest amount of P (0.36% in seed and 0.18% in straw) was obtained
from the Tg treatment, which was statistically similar to T7, and the highest amount of S (0.34% in
seed and 0.54% in straw) was obtained from the Tg treatment, which was not statistically similar to
any other treatment. The lowest amount of both P and S was recorded from the T; (control) treatment
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(Tables 3 and 4). Regarding K content, the highest K content in lentil seed (0.86%) was obtained from
the Tg treatment, which was statistically similar to Ty, T4, T5, and T4. The highest K content in lentil
straw (0.72%) was also obtained from the Tg treatment, which was not statistically similar to any
other treatment. On the other hand, the lowest K content (both in seed and straw) was found for the
Ty (control) treatment (Table 3). The highest Zn content in lentil (72.4 pg g~ ! in seed and 49.1 ug g~*
in straw) was obtained from the Tg treatment. which was statistically similar to T (68.1 ug g~ ! in seed
and 48.5ug g_l in straw), Tg (69.3 pg g_l). and T5 (70.0 g g_l). The lowest (59.0 pug g_l in seed and
42.1 ug g’1 in straw) Zn content was. however, obtained from the control (T; treatment). The highest
B content in lentil (41.5 ug g~ ! in seed and 31.7 ug g~ ! in straw) was recorded from the Tg treatment,
which was statistically similar to T7 (40.6 ug g~ ! in seed) and Ts (40.1 pg g~ ! in seed). The lowest Zn
and B content (seed and straw) was obtained from control (T; treatment) (Tables 3 and 4). Increases of
the Zn and B content in both straw and seeds go along with Zn and B applications to the soil. Similar
results have been reported in previous studies involving different crops, where micronutrients were
shown to have influenced the uptake of N, P, K, S, Zn, and B [54-58].

Table 4. Effect of Zn, B, and Mo applications on N, P, K, S, Zn, and B content in lentil straw. Averages
from three independent experiments are shown (mean of 2 years of data).

Treatments N (%) P (%) K(%) S(%) Zn(ugg™) Bugg™

T1 = Control 1.18 e 0.12e 0.59 e 045e 42.1d 25.6d
Ty =Zn2.0kg ha~! 142d 0.17 a 0.63d 0.49d 48.2 ab 26.1d
T3=B15kg ha~! 141d 0.16 ab 0.64d 0.50 cd 43.3 cd 28.1c
T4 =Mo 1.0 kg ha™! 1.52 cd 0.15 bc 0.65cd 048d 445 cd 27.6 ¢
Ts = Zny 0By 5 159bc  0l4cd  0.69b 052D 47.8 ab 30.0b
T¢ = Zny oMo o 1.64 abc 0.13 de 0.68b  0.51bc 45.8 bc 28.0c¢
T, = By sMoy 167ab  016ab  067bc 050cd  485ab 292b
Tg = Znp oB1 sMoy o 1.74a 018a  072a  054a 49.1a 317a
CV (%) 4.62 6.17 2.56 1.90 3.48 1.93

LSD (0.05) 0.123 0.016 0.030 0.017 2.82 0.960

Values within a column having same letter(s) do not differ significantly (p = 0.05).

3.6. Effects of Micronutrients on Postharvest Soil Properties

The pH of postharvest soils slightly increased in all of the treatments (Table 5) after the 2 years
of consecutive experiments. This was the result of the incorporation of lentil stover in soil. It has
been reported that organic matter from crop residue increases the soil pH status by improving the
soil buffering capacity [59]. Organic matter increases the cation exchange capacity, which contributes
to a high base saturation of the soil. As the base saturation increases, the relative amount of cations
neutralizes. Our results were supported by many other researchers [60-62], who reported an increase
of soil pH resulting from increased organic matter. It was also reported that plants can alter soil
pH by releasing root exudates, such as organic acid anions, to enhance mineral nutrient solubility,
as well as by the liberation of H* and OH™ (or HCO3 ™ resulting from OH™ carbonation) in order to
counterbalance cations or anions entering the roots. The decomposition of organic acid anions can also
foster proton consumption in the decarboxylation process, which may result in the increase of soil pH,
which explains the results of our study.

The results of this study suggest that the application of Zn, B, and Mo did not affect the macro
and micronutrient content of the soil, nor did it affect the organic matter content (Table 5). Nonetheless,
the highest amount of organic matter (1.50%) was obtained from the Tg treatment and the lowest
(1.35%) was from the T; treatment. In most of the cases, the highest macro and micronutrient content
of the postharvest soil was recorded from the Tg treatment and the lowest was from the T; treatment.
The results also showed that agronomic biofortification with Zn, B, and Mo had a prominent effect on
the availability of nutrients in the soil. It has been reported that the incorporation of pulses stover in
soil after the picking of pods resulted in an economy of about 23 kg N/ha in the succeeding crop [63].
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It was found that the pulses receiving optimum fertilizer had more pronounced residual effect both for
macro and micronutrients in the succeeding crops [64,65]. Regardless of the treatments of this study,
the consecutive experiments yielded similar results that may help the scientific community to better
understand the dynamics of micronutrients in lentil production. Our results also shed lights on how
such management practices can help increase the fertility status of poorly fertile soils.

Table 5. Effect of Zn, B, and Mo applications on postharvest soil pH and the status of different nutrients.
Averages from three independent experiments are shown (mean of 2 years of data).

Treatment pH OM (%) TotaIN(®%) _ -2 M8 K P S Zn B
meq. 100 g~ ! pgg!

Initial 661 128 0.057 601 202 011 235 260 131 016
Critical level 0.12 20 08 020 100 100 060 02
T, = ZngByMoy 671 135 0.062 590 200 010 240 252 128  0.14
Ty = Zno g 678 145 0.064 601 200 011 245 253 141 015
T = By 5 677 138 0.065 601 201 011 246 255 131 020
T, = Moy o 682 139 0.067 600 202 010 248 258 132  0.16
Ts = Zny 0By 5 693 147 0.069 589 200 011 246 257 143 023
Ty = Zny oMoy 693 147 0.068 591 201 010 247 256 144 017
T, = B sMoy o 696 149 0.070 592 202 010 246 257 136 026
Tg = ZnyoB;sMojp  7.01 150 0.072 588 200 011 247 259 145 027

NS NS NS NS NS NS NS NS NS NS

NS: not significant.

4. Conclusions

This study was carried out to understand the role of Zn, B, and Mo in the production of lentils
and how the application of these elements can help manage soil fertility issues. In this regard,
the morpho-physiological traits of lentils were deduced from two experiments receiving the same
treatments carried out during consecutive seasons in 2015-2016 and 2016-2017. The agronomic
biofortification had influenced the plant height, branch per plant, and, importantly, the number of
nodules per plant. Such an introduction of micronutrients was found to have triggered more pod
setting and more seeds per pod, which ultimately enhanced the seed yield. The conjunctive use of Zn,
B, and Mo also had a significant effect on the protein content of seeds. These promising results suggest
that agronomic biofortification with Zn, B, and Mo may be recommended for a higher yield of lentil in
marginal and poorly managed soils under rain-fed conditions.
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